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FOREWORD 

The fourth pub l i c  Forum of the Nat ional Academy of Sciences was held  on 
March 25- 2 6 ,  1975 . Like i t s  predecessors , it was convened to apprai se 
the comp l exit ies  inherent in responding to the fo l low ing quest ion : 
How can science , industry ,  the pub l ic ,  the l aw ,  and the government 
merge their interests  and needs to the benefit both of the individual 
and of the society that they const itut e  and serve ? 

The subj ect under discu s s ion was "Sweeteners : I s sues and Uncertain
t ies . "  More than fifty individual s  represent ing pub l i c  interest  groups , 
private industry , government regul atory agencies , and the scient ifi c  
commun ity appeared before t h e  Forum w i t h  a wide array of opinions and 
fact s .  Their data were drawn from res earch in proces s ,  past and 
present l iterature , pract ical experience in the pub l i c  sector , from the 
search for new sweeteners at wide l y  spaced po int s on the g lobe , and 
stat ist ics reveal ing shift s in patterns of sweetener consumpt ion that 
chron ic l ed and tran s l at ed into new perspect ive some of the pervasive 
changes that are occurring in the American way of l i fe .  

I n  addition ,  the principal part icipant s met for one fu l l  day prior 
to the p l enary ses s i ons to  work in smal l groups toward de fin ing the 
i s sues and informat ion that wou l d  be most useful  to  the cons iderat ions 
of the Forum. It is hoped that each of them drew some measure of sat
isfact ion from the u l t imat e success  of this Forum , a direct re su l t  of 
thei r  investment of t ime and energy . Both their preparat ions for and 
part ic ipat ion in the Forum ses s i ons were enthus iast ical l y  guided by 
their co- chairmen , Michae l Kasha and Carl P faffmann . 

Although this pub l i cat ion of the Forum ' s proceeding s does not 
pretend to be a defin it ive t ext on sweeteners ,  mu l t ip l e  aspects of the 
taste for sweetnes s  and its consequence s are di scus sed on every page . 

i i i  
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The reader who l ooks beyond the data to the broad is sues , to the 
ident ities  and interact ions  of the part icipants ,  a l so wi l l  find a 
certain amount of  l ight . 

iv 

Robert R .  White 
Director 
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WELCOME 

Ph i l ip Handl er 
Pres ident 
Nat ional Academy of Sci ences 

I am p l eased to we l come you t o  the l atest in the s eries of forums 
sponsored by the Academy and offered as opportun it ies  to air controver
sial  i s sues that contain substant ial e l ement s of techn ical content . 
Prev ious forums have dea l t  with such matt ers as energy , the use of 
human subj ect s  in research , and the s afety of drugs and food addit ives . 

This  Forum is  of a s l ight ly di fferent character than it s predeces 
sors . Some t ime ago the Academy was asked by the Food and Drug 
Admin istrat ion to examine the status of the safety of saccharin ; it was 
cons idered that there was some poss ib i l ity that saccharin might be 
found to be carc inogen ic to some degree . Were that to be  found to be 
the cas e ,  rather than s imp ly submit t ing a report , the idea of a forum 
seemed attract ive s ince there wou l d  then be a t rue publ ic i s sue , neces
s itat ing evaluat ion of risks and benefits . 

The scenario we had in mind a year ago , when it was thought that it  
would be we l l  to convene this  meet ing , ran something l ike this : 
Imagine that the l aboratory data on saccharin , when extrapo lated to man 
in some s imp l i st i c  fashion , would indicate some specific  degree of 
ris k ,  e . g . , one chance in 10 mi l l ion , one chance in a mi l l ion , whatever 
you w i l l . As sume a l s o  that there i s  a persuas ive rat iona l e  for having 
avai l ab l e  for pub l i c  consumpt ion a nonnutrit ive sweet ener . Th is  
rat iona l e  res t s  on the l arge body of actuarial  stat i st ics , which , in a 
general way , states that those who are overweight die  sooner than those  
who are  not , bearing out an  old  aphorism I learned as a graduat e stu 
dent : "The th in rats bury the fat rat s . "  I f ,  indeed , nonnutrit ive 
art ificial  sweeteners cou l d  contribute to the l engthen ing of the l ife
span of the average cit i z en ,  regard l e s s  of exac t l y  how long t hat might 
be, then there wou ld be posed an issue of pol icy : What degree of r i sk 
i s  acceptab l e  in order to achieve the benefit of the stat ist ical 

3 
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l engthen ing of the mean l i fespan , part icu l ar l y  of ma l es , s ince they are 
the ones who s eem to be more at risk?  

I t  i s  not c l ear to me  today that that scenario can be as c l earl y  
drawn a s  w e  had presuppos ed .  But that is the prob l em before you : 
Whether or not there i s  r i s k ,  and whether or not there i s  benefit as so
ciated with the unrestricted us e of  nonnutrit ive sweeteners . If it  is 
pos s ib l e  to quant itate those , we would  be p l eased to be so informed . 

The Academy has had s omething of  a cont inuing history of involvement 
with these i s sues , previous l y  having been asked to examine the safety 
of saccharin and of cycl amat es . As you know , the most recent report on 
sacchar in ,  which we did  not wish to de lay unt i l  this meet ing cou l d  be 
convened , indicated that experimental l y  one st i l l  does not know cate
gorica l l y  t he safety of  saccharin . However ,  the data avai l ab l e  seemed 
to indicat e  that the r i s k ,  if it does exi st  at a l l ,  is so smal l as not 
to warrant act ion on the part of the FDA at this  t ime . 

The FDA in turn has recent l y  asked the Nat iona l Cancer Inst itut e to 
take another look at cyc lamates . A Wa Z Z  Street JournaZ story about 
that request c i t es a quotat ion by someone in the FDA to the effect that 
it i s  genera l l y  b e l ieved that cyc l amat es are not suffi cient l y  carcino
gen ic as to warrant their remova l  from soci ety . That s eems a strange 
way to make a request from a neutra l body . I t  i s  not that I ho ld any 
pre j ud i ce in that regard , because I have long fe lt  that the experimen
tal bas i s  for the previous FDA act ion derived from a set of experiment s 
that had been badly  des igned in the first instance , were inconc lus ive 
with respect to the actual findings , and did not s eem , to me personal 
l y ,  t o  warrant any act ion at the t ime . I n  any cas e ,  i n  a great disp lay 
of confidence in the Academy ( s ic ! )  this t ime the request has gone to 
the Nat iona l Cancer Inst itute . I t  so happens , by the way , that thi s 
request i s  doub l e - edged , because it was real l y  the findings of a group 
at the Nat ional Cancer Inst itute that were endors ed by a committee of 
the Academy in transmitt ing a mess age to the FDA with respect to what 
we thought about cyc l amat es at the t ime . 

The s e ,  then , are the several issues before you , the ris ks and the 
benefits  of the known art ific ial  sweeteners . To those have been added 
one other at my request . In a general way the previous  history of this  
subj ect had rea l ly re lat ed s imp ly to reduc ing caloric intake , indepen
dent of the nature of thos e calories ; the i s sue was obe s ity rather than 
the source of the di etary calories . As long as we are hav ing this  d i s 
cus s ion , I as ked that w e  a l so cons ider the ro l e  of  sucros e  i t se l f  a s  a 
special  sourc e of calories , that we ask whether or not the prob lems 
with which one might here be concerned are those of calories at large , 
or whether they are sucros e calories specifical l y .  

These are the genera l quest ions . The s cenar io w e  had once imagined 
cannot be laid out in a sufficient c larity for you to debate whether a 
spec i fic risk l evel  w ith respect to saccharin , for examp l e , i s  war
ranted by a spec ific  benefit , such as an extra two weeks of l ife for 
al l Ameri can ma l es .  As far as I know , nei ther the risk  nor the benefit 
can be pres ented with certa inty . I n  the next two days , you w i l l ,  
therefore , exp lore what they might be - - what r i sks are invo lved and 
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what benefi t s . Fol lowing this  Forum, we hope to make ava i l ab l e  a sum
mary for the pub l i c  record genera l l y ,  and for the Food and Drug Admin
istrat ion specifical ly . 

5 

The subj ect s before us have aroused rather a remarkabl e  amount of  
pub l ic interest from t ime to t ime , and a great deal of  emot ion among 
some . I t  would  surely en l iven this Forum i f  some of  that emot ion were 
to be reveal ed during the course of thes e two days . With that , I wil l  
turn the meet ing over t o  your chairman for today , Michael Kasha , a di s 
t ingui shed b iophys icist  and a superb scient is t . 
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I NTRODUCTION 

Michael  Kasha 

The use of sweet eners in the human di et is not a subj ect of wor ldshak
ing consequences . However , we as a soci ety may survive the threat of 
the atomic bomb on l y  to  be drowned in bureaucrat ic paperwork or the 
unforeseen resu l t s  of l e s s - dramat ic i s sues . Sweet eners have ext ens ive 
hea lth ,  nutrit ional ,  psychological , and economic impl icat ions for their 
us ers -- and that i s  al l of us . Dur ing the next two days we wi l l  be 
att empt ing to ascertain those  impl icat ions and to determ ine the risks 
and benefi t s  invo lved in the use of  a variety of  both nutri t i�e and 
nonnutrit ive sweet eners . 

I t  is appropriate to  ment ion the d i fference between a scient ific 
sympos ium and a forum of this kind . Numerous deta i l ed sci ent i fic 
sympos ia on sweeteners have been held in the last few years . On most 
of those occas ions  sc ient ists  addres s ed sci ent ists , and , because of 
their own spec ia l i zat ions , a l imited exchange with the pub l i c  occurred .  
But these matters become pub l i c  i s sues . They become quest ions  of regu
latory funct ions in  the  government . They become great i s sues for the 
consumer and for the manufacturer . The Academy Forum provides a mech
an ism by which the pub l ic -- the informed , knowl edgeab l e ,  act ive 
pub l ic -- is  ab l e  to ask in an open fashion those quest ions for which 
they th ink there are answers . 

When the expert s talk  among thems e lves , they di scover that the 
answers are condit ional rather than defin it ive . I t  i s  this condit ional 
nature of both s ides of every quest ion that we wou l d  l ike  to expose and 
reveal as ful ly as pos s ib l e  in this  Forum . I n  order to do this we have 
a spec ial  structure of  four groups of part ic ipant s :  F irst , there are 
the speakers , who are asked to avo id long l ectures and to summari z e  the 
chief po int s of their unders tanding of their spec i a l ty . We have a 
pane l ,  wh ich is  composed of  s e l ected indiv idua l s  who wi l l  try to fi ll 

7 
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in the miss ing gaps or to bring up quest ions that focus attent ion on 
cri t i cal parts of each pres entat ion . I n  the first few rows of the 
auditorium we have d i s cus sant s ,  who are a l so expert s in various fields 
and who will provide addit ional tutelage , inqu i ry ,  and quest ion ing of 
the speakers and the panel . Last and perhaps most  important of all i s  
the genera l audience .  The audi ence i s  encouraged t o  b e  an act ive par
t ic ipant in this Forum and to rai se any quest ions when the opportun ity 
is g iven . 

We will begin with a review o f  perspect ives on sweeteners that con
st itutes a panorama of  the  subj ect , st art ing with  the ir biological and 
cultural rol e ,  moving on to their patterns of use , including re lated 
medical and toxicological i ssues , and fina l l y  covering regu l at ion of 
that use .  Later today we will  di scuss sugar , sucrose part icu larly , but 
by impl icat ion a l l  sugars that are present in foods , either by addit ion 
or that occur in them intrins ical l y . Al though we take sugar for 
granted , there are constant changes occurring in modern society ' s  us e 
of it . I t  will be interest ing to  learn more of  what i s  known and un
known about the use of  sugar . 

On Day I I  we w i l l focus on nonnutrit ive sweeteners , which are of 
great psycho l ogical  importance . We wi l l  draw from the previous day ' s  
understanding of the mean ing and prob l ems o f  sat iety in the d i et . I n  
part icular , w e  wi l l  s ee t o  what extent quest ions now can be answered 
concern ing the benefit s  and risks of s accharin , cyc l amat es , and others . 
During the l ast sess ion we w i ll proj ect into the future to d i su� s new 
opt ions for natural and art ificial  sweeteners . Are there direct ions  
that are not  commonl y  understood or used today that might a l l eviate 
some of the prob l ems with sweeteners ? What are the point s of  deci s ion? 
Are there label ing programs that the pub l i c  requires and deserves ?  Can 
we , in fact , advise  regul atory agenc ies  and the government in a cogent 
manner? Al l of  these quest ions w i l l be before us as we proceed through 
the discuss ions of the next two day s . 

· 

The f inanc ial  support for thi s  Forum comes from the Food and Drug 
Admini strat ion . Thi s  is part icul arly appropriate s ince the chart er of 
the Nat iona l Academy of Sciences , s igned by Abraham Linco ln in 1 863 , 
indicated that the Academy was to  serve as an offic i al adv i ser to the 
federa l government on any quest ion of s c i ence or t echno logy . From our 
di scuss i ons , interrogat ions , and informat ion pres ented in set tlement of 
quest ions , we hope that the Food and Drug Admin i strat ion , as well as 
other re lated agencies , w i l l  find the ins i ght s and material proffered 
to be useful . 
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THE B IOLOG I CAL AND CULTURAL 
ROLE OF SWEETENERS 

Lloyd M .  Beidler 

I would l ike to  present the thes i s  that our des ire for sweets i s  the 
resu l t  of  a basi c  biol ogical drive and that cultura l factors upset thi s 
proper bal anc e .  In pursuing this thesi s , I wish to introduce two ques 
t i ons : Can thi s  drive be effective l y  l imited ?  Shou ld the government 
take a more pos it ive stance toward the search for new methods of l imit
ing sugar intake ? 

The prob l ems we wi l l  be di scussing over the next two days center on 
the taste receptors of the tongue . These receptors are found in c lus 
ters over the surface of the tongue , as shown in Figure I. 

The tongue can respond to tens of thousands of di fferent chemical 
s t imu l i .  Many of these s t imu l i  are not of biological origin but are 
synthet ic chemical s .  I f  a chemical s t imul ates a taste cel l ,  there is a 
reasonabl e  chance that it may interact with other body ce l l s ,  s ince ce l l  
membranes are oft en s imi l ar . For examp l e , i t  i s  we l l  known that al l oxan 
and tolbutamide interact with the a - ce l l s  of the pancreas and that they 
al so affect the response of taste cel l s  ( 1 ) . Note the simi l arity be
tween the mol ecu l ar structures of saccharin and tolbutamide in F i gure 2 .  
Thus , there i s  always the pos s ib i l ity that synthetic  sweeteners may in
teract with human t i s sues other than those of taste . 

I t  i s  very important to obtain obj ect ive and quant itat ive information 
concerning the response of human taste cel l s  to chemical st imul i .  Thi s  
i s  pos s ib l e  b y  intercept ing the e l ectrical messages o f  the taste nerves 
as they l eave the tongue and pass through the midd l e  ear on the way to 
the brain . Figure 3 i l lustrates the response of the human tongue to a 
number of d ifferent sweet stimu l i  ( 2 ) . The same method of recording 
can be used with other mammal s  and insect s  (3 , 4 , 5 ) . Such studies  re
veal that a very wide variety of animal s respond to sugars , and behav 
ioral experiments ind icate that they prefer these sweet substances .  

1 1  
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F I GURE 1 Tongue of young chi ld 
showing fungi form papi l l ae where 
taste buds are c lust ered . 

F I GURE 2 Structural formula of 
tolbutamide , saccharin ,  and cyc l a 
mic acid . 

For examp l e , the housefly has i t s  taste receptors in i t s  feet . I f  it  
walks into a drop of  sugar solut ion , i t s  t aste i s  st imu l ated and its  
mouth parts are l owered into the so lut ion , which i s  then consumed ( 6 ).  
Sweet preference i s  such a general response of an ima l s  that one may 
conc l ude that it is a resu l t  of a biol ogical dr ive . In fact , an adult  
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F IGURE 3 Summated e lectrical re 
sponse of human taste nerve as 
various sugars are appl ied to  the 
tongue ( 2 ) . 

mal e  fly  may l ive ent irel y  on sugar solut ion . Such a drive , coupled 
with an aversion for b i tters , al l ows a wi l d  animal , including primit ive 
man , to s e l ect those food s , such as fruit s , that contain an energy 
source as we l l  as vitamins , proteins , et cetera , and to avoid  those 
toxic substances , such as alkaloid s , that are bitter . 

I s  there more direct evidence that man possesses an innate desire 
for sweet s rather than a l earned preference dictated by cul ture ? I t  
has l ong been observed that babies , e ither aborted or de l ivered at nor
mal term ,  grimace in response to sugar , which indicates  to some ob 
servers that the baby enj oys the sugar ( 7 , 8 , 9) . S imi l ar l y ,  the baby 
has an aversion for b itters . To be sure , such observations are neither 
very obj ective nor quanti tative , but they are quite dramati c  when care
ful ly chosen grimaces  are presented . Another dramatic observation i s  
that a five-month human fetus wi l l  increase i t s  swal l owing rate when 
saccharin i s  inj ected into the amniotic fluid of the mother ( 1 0) . Thi s  
suggests  that man prefers sweet s l ong before birth ! In  fact , the hu
man fetus has taste buds five months before birth ( 1 1 ) . More scien 
t i fic  an d  quantitat ive data i s  current l y  being gathered by Dr . Robert 
Brad l ey at the Univers ity of Michi gan through recording the e l ectrical 
responses of taste nerves of fetal  sheep ( 1 2 ) . 

Although the taste response to sugars i s  widespread through the ani 
mal k ingdom , the response t o  syntheti c  sweeteners i s  more l imited and 
species specific . For examp l e ,  Figure 4 shows that rat s prefer saccha
rin solution s  but not cyc l amat e . Aspartame , the new dipept ide sweetener , 
produces neither a preference nor aversion in rat s , hamsters , and gerbi l s .  
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F I GURE 4 Hamster preference and 
rat avers i on to cyc l amate . 

The biol ogical drive for sweet s has performed we l l  for man unt i l  
recent l y .  Sugars , part icu l arly  sucrose , have become wide l y  avai l ab l e  
and a t  a price that most consumers can afford . Sucrose i s  a s  rich in 
energy as proteins and hal f as rich as fat s . No body "po l lution" i s  
involved , because sucrose i s  broken down t o  C02 and HzO , both eas i l y  
e l iminated . I f  sucrose has al l these exce l l ent features ,  what i s  the 
probl em? Unfortunate l y ,  man is not always temperate ,  and h i s  crav ing 
for sweets  may be so great that his increased sucrose consumption both 
increases  his tot a l  caloric  intake and decreases his protein consump
t i on .  Cul tural patterns have overridden man ' s  abi l ity to balance his  
diet in  a way most beneficial  for h i s  heal th and longevity . A chi ld 
three or four years old  tends to emul ate the eat ing habits  of adu l t s  
around him . In  part icu l ar ,  telev i s ion bombards the chi ld with the con 
cept that sweetness i s  equated w i t h  goodnes s . On l y  i n  unusual c ircum
stances ,  such as adrenal cortex deficiency , does man again regain his  
abi l ity to regu l ate h i s  d iet for sel f-betterment ( 1 3 ) . 

�1ost primit ive societ ies  did not have easy access  to a l arge number 
of sweet s .  They obtained , for examp l e , fructose in many of their  fruits  
or  honey . Those societies  where sugarcane was preval ent ate quite a 
b i t  of sugar . On the other hand , sugars were not preval ent in the Japa
nese diet . However , as the per capita income of Japan increases ,  so 
does sugar consumpt ion ; it  now has one of the highest rates of increase 
in sugar consumpt ion of a l l  nat i ons . Thi s  again emphasi zes the fact 
that most  peop l e , if given a choice , wi l l  eat sweet s ;  this  is why we 
are here at thi s  conference today . I f  this is the resu l t  of a very 
bas i c  b i o l ogical drive , the poss ib i l ity  of l im i t ing sweet intake i s  
smal l and di fficul t .  
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Sweetnes s  i s  an old prob l em ,  and i t  i s  useful t o  search the l itera
ture to l earn how other societ ies  solved that prob l em .  When Moses 
guided his peop l e  across  the Red Sea , they wou ld not drink the bitter 
water that was ava i l ab l e .  When Moses asked God what he should do , he 
was told to put a certain shrub into the water , which then would turn 
sweet . No one has ever l earned the identity  of that shrub . A former 
student of mine , Dr . M .  Nej ad ,  sent to me a copy of a page from an old 
Arabi c  book ind i cating a certa in tree l eaf that was used to change 
taste . Whi l e  trave l ing in Iran I found that part icular type of tree 
growing a l ong the Caspian Sea . Leaves ,  taken back to Tal l ahassee , were 
chemical ly  investigated and taste -tested . They were found to inhibit 
al l sweetnes s  for a period up to an hour or two without affect ing other 
taste qual i t i e s ; sucrose in the mouth resembl ed sand , gritty but taste
l e s s . After a year ' s  work , we found the mol ecul ar structure of the 
active l eaf ingredient to  be s imi l ar to that of another p l ant found in 
India , name l y ,  Gymnema sy Zvestre . 

The structure of the above ingredi ent resemb l e s  in some ways that of 
the l icorice sweetener , g lycyrrh i z in ( 14 ) . F i gure 5 shows the s imi l ar 
ity  of the two . Perhaps the I ran i an p l ant substance i s  a compet i t ive 
inhibitor of sweet - contain ing molecu l e s  and thus e l iminates sweet 
sensat ion . 

Inhibit ion can be studied by recording from the human taste nerve . 
Figure 6 shows the taste -nerve response to s t imu l i  of d iverse qual ities  
before and after app l icat i on of gymnemic acid  to the tongue surface ( 1 5 ) . 
Note the spec ificity of inhib i t ion of sweet tastes . In  our l aboratory 
we make a l o l l ipop , using a tea made from Gymnema sy Zvestre l eaves , to 
demonstrate thi s  remarkab l e  effect . After l icking it for a short t ime , 
Coca Cola tastes horrib le , a Hershey bar i s  milky ,  and granul ated su
crose is taste less  but gri t t y .  Thi s  cou ld be used to decrease intake of 
of sweet foods . When the urge to eat something sweet begins , the per
son could take a l o z enge we make with the inhibitor . It is initial l y  
sweet and s l ow l y  turns into a taste s imi l ar to that o f  hoarhounds .  For 
the next hour or two , the sweet taste of a l l  cand ies or foods taken 
into the mouth are comp l ete l y  depres sed and the ind ividual avoids them . 
The chance of market ing thi s  specific item i s  smal l ,  s ince it  has a 
structure s imi l ar to gl ycyrrh i z in , whi ch has unusual phys i o l ogi cal 
act iv i ty ( 16) . 

lllycyrrhhc Ac1� llr••••aa••i• 

F I GURE 5 Structural s imi 
l arit ies  of ag l ycones from 
glycyrrh i z in and gymnemi c  
acid ( 1 4 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


1 6  

II I I I II 11111 .. II I II I II II I I 

F IGURE 6 0 . 2  m NaC l , 0 . 5  m sucrose , 0 . 02 m 
citric acid , 0 . 002 m quinine hydrochl oride 
and 0 . 004 m sodium saccharin were flowed 
over the human tongue before and 90 s after 
1 percent Gymnema extract was app l ied . The 
chorda tympani taste nerve response was re
corded . Note inhibi t ion of "sweet" 
responses ( 1 5 ) . 

Taste modification , another method of sat i s fying the desire for 
sweetness without the use of sugars or art i ficial  sweeteners , refers to 
a change in taste sensat ion and not a change in taste bud funct ion . I t  
i s  accomp l i shed b y  t i ght l y  b inding a special l y  sel ected st imu lus mol e 
cul e  close to the sweet receptor s i te and a l l owing it  to react onl y  
when the pH i s  l owered . Thus , sweetness can be turned on and off by 
mere l y  taking sour substances into the mouth .  The most common taste 
modi fier is found in a Nigerian berry (Synsepatum du taificum) cal l ed 
mirac le  frui t .  Since Nigerians had no refrigerat ion at the turn of the 
century , their stale bread and wine turned sour . I f ,  however , they ate 
but one mirac l e  fruit the s i z e  of an ol ive , their taste was modified 
for an hour or two and al l sour things tasted sweet . My l aboratory 
rai sed hundreds of these p l ants and i s o l ated their act ive ingredient , 
which was found to be a glycoprotein of mol ecul ar weight about 
44 , 000 ( 1 7 ) . 

The g l ycoprotein , or mirac l e  fruit extract , can be freeze -dried to 
maintain its act ivity for several  years , al though it cannot be heated 
or stored in l i quid form . I t  can be added to chewing gum to extend the 
fl avor or used to coat unsweetened pops i c l e s  or candies . One can al so 
ut i l i ze the extract in drop form so that it  can be chewed before a meal , 
caus ing a l l  sour foods to taste sweet : unsugared iced tea wi l l  be sweet 
if l emon is added ; suitab l e  puddings , gelat in s , and dressings can be 
formul ated ; and l emon chiffon pie can be eat en a lthough no sugar i s  
used i n  i t s  baking . Thus , a d iabetic or calorie watcher wou l d  enj oy a 
meal with great sat i s fact ion , although i t  was l ow in calories and 
sugars ( 1 8 ) . 
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I t  i s  customary t o  think of art i ficial  sweeteners when cons idering 
the probl em of excessive sucrose intake . In  the past , sweeteners such 
as cyc l amate , saccharin , and aspartame have been the resu l t  of acciden 
t a l  d iscoveries . Basic information concerning the physiology and psy
chology of taste i s  sel dom uti l i zed to develop new methods to combat 
increased sugar consumption . I have given examp l es of a taste modifi er 
and a taste inhibitor , emphas i z ing the need for new knowl edge concern
ing the origin of the biological drive rel ated to the craving for sweet 
foods . The p l ight of overweights and diabetics is serious . I f  it i s  
o f  concern t o  the national  hea l th communi t y ,  some federal agency a l so 
shou ld become aware of the seriousness of the probl em and search for 
answers . 

I n  addition to responding to the need for rel evant research , the Food 
and Drug Administration (FDA) should encourage the devel opment of new 
sweeteners , inhibitors , and taste mod ifiers by taking a more pos i tive 
approach . Research without development is use less  in the present con 
text . Thi s  i s  particu l ar l y  true i f  inhibitors , modi fiers , or protein 
sweeteners are to be encouraged . A suitab l e  product i s  the goal . 

The FDA recent l y  banned the use of mirac l e  fruit ; maybe i t  should  
have or  maybe not . But the  result  i s  that the  ban wi l l  stop al l re
search and a l l  deve l opment in thi s  fiel d . It al so serves as a warning 
to anyone e l se interested in innovative ideas concerning sweeteners . 

D I SCUSSI ON 

KASHA: Would the audi ence l ike to ask Dr . Beidl er any question s ?  

M ICHAEL SVEDA , Research and Management Consul tant : I am fasc inated b y  
your statement , Dr . Beid l er ,  that even i n  the embryo w e  have a taste 
for sweets .  Why i s  thi s so? 

KASHA : May I interrupt and point out to the aud ience that Dr . Sveda i s  
the d i scoverer of cyc l amate , one of the we l l -known sweeteners . 

BE I DLER : I was trying to make the point that i f  man or animal s would , 
on the average , take in sweet things , they would  l ive a l ot l onger . 
I f  they avoid the bitter things , they avo id most of the poi son s . I 
am thinking of man out in the open , not civ i l i zed man , where he had 
to search for h i s  food . I think this ingestion of sweet things i s  
very basic with many , many anima l s . 

SVEDA : I have another suggestion as to why we have a sweet taste . 
Nature , I think , tries to keep the race going , and it makes the two 
things that are fundamental to that cont inuat ion rather p l easant: 
one is sex and the other is eat ing . The firs t food that we have i s  
l actose e ither i n  mother ' s  mi l k  o r  yak ' s mi l k  o r  re indeer ' s  mi lk  or 
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cow ' s  mi l k , whatever i t  i s . Al so , there i s  a n ice p leasant feel ing , 
I suppose , in nest l ing up to a mother ' s  breast . On the other hand , 
l actose i s  sweet . So I am wondering whether nature i s  bui lding into 
us a mean s for survival by putting in a sweet taste that we can ' t  
l egi s l ate out . My own fee l ing i s  that as we were b e ing developed a 
coup l e  of hundred thousand , perhaps a coupl e  of m i l l i on years ago , 
I don ' t  think nature ever "real i zed" that we would ever get to the 
point of having enormous amounts of sucrose avai l ab l e . I think we 
are pandering a taste that i s  avai l ab l e  for survival . 

BE IDLER : I have no argument what soever . Your argument that nutrit i on 
and sex are the two most  important aspect s of l i fe for the survival 
of  a species , I think i s  correct in the chemical sense . Taste  p l ays 
a very big part in finding food and in find ing mates , except pos s i 
b l y  for modern man . 

MARSHA COHEN , Consumers Union : Dr . Beid l er suggested that FDA had 
banned mirac l e  fruit . It was my understand ing that FDA said that 
the purveyors of mirac l e  fruit had to prove it safe as a food add i 
t ive and comp l y  with the l aw .  I t  had been marketed a s  a GRAS sub
stance . FDA dec ided that it was not general l y recogn i z ed as safe 
and that i t s  purveyors would have to make a pos it ive showing .  So I 
wouldn ' t  say that it had been banned , s imp l y  that FDA had said , "You 
haven ' t  come to us with what we need to see . "  

BE I D LER : No matter how you l ook at it , i f  mirac l e  fruit  was on the 
market and i s  not a l l owed there now , it has been banned . 
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PATTERNS OF USE 

S idney M .  Cantor 

I t  is my j ob to talk about patterns of use of sweeteners and in so doing 
to describe to the extent possible  the many factors that determine the 
pattern of sugars that we consume at the present t ime . I say thi s de
spite the fact that sucrose i s  the subj ect at i s sue , as was described 
by Dr . Hand l er ,  and despite the fact that because of its fami l i arity 
most of our attention wi l l  be d irected at sucrose . As has al ready been 
pointed out , there i s  no question about other sugars being involved in 
our d i et ,  many other sugars , and what has been happening over the years , 
as we wi l l  see , i s  that the amounts  of these sugars are increas ing . 

I f  we go back historica l l y  to about 5000 B . C .  and to the first men 
tion of a concentrated sweetener , which was honey , the consumption at 
that t ime was rel at ive ly sma l l . Honey was synonymous with the good 
l i fe .  In the absence of any other sweeteners and aside from those that 
were consumed in natural foods , the principal sugars in the diet were 
fructose and glucose from the honey . As we know now , there are a host 
of other sugars in honey , too numerous to mention . They have al l sorts 
of esoteric names , and they al l end in ose , because that i s  the chemi 
cal suffix for sugars . Even though many of you may iden t i fy sugar on l y  
as sucrose , the chemists  i n  the audience know that the suffix ose he lps 
to define hundreds of compounds .  These inc lude the s imple  sugars , the 
kind that we are talking about , and al so very comp l ex carbohydrates , 
polymeric carbohydrates . 

One of the most interest ing aspects of our diet , the carbohydrate 
port ion of  the diet in part icular ,  is that we seem to have moved over 
the past SO years from a preponderance of polymeric carbohydrates to a 
preponderance of simp l e  sugars . Two of the factors that have influenced 
this in the past , going rapid l y  through the centuries , were the discov 
ery and the tran sportat ion of sugarcane as a tropical source of sucrose 

1 9  
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from I ndia around the world , an d  the development of the sugar beet at 
the t ime of the Napol eonic Wars - - a maj or hi storical event in the his
tory of sugar technol ogy -- as  the technol ogical answer to the Bri t i sh 
b l ockade of  cont inental port s . Sugar , whi ch Europeans had al ready 
l earned to l ike , could not be brought in from the co l onies because of 
the b lockade . That broke down after the Bat t l e  of Water l oo , but sugar 
beets as a temperate zone source of sugar were here to stay , even though 
they required subsidi zation . 

Sugar and sweeteners have always been associated with maj or events 
in history , and thi s  cont inues to be the case . At the present t ime , we 
are experiencing what might be cal l ed another techno logical revolut ion . 
Thi s , in some ways , rel ates to  the honey story , as we shal l see . 

To understand the patterns of sweetener use properl y ,  i t  seems to me 
that we have to examine them in the context of general patterns of food 
usage and in terms of food e l ements .  At the present t ime , there are 
avai l ab l e  to Americans each day - - that i s , what apparent l y  disappears 
in our d istribution system - - about 3 , 200  calories on the average per 
capita , of whi ch about 375 grams is carbohydrate , about 1 5 0  fat , and 
somewhere between 96 and 1 00 protein . Sugars in the carbohydrate por
tion make up about 2 00 grams . 

In 1 9 1 0 - 1 9 1 3 , which i s  the base period for U . S .  sugar stat i s t ic s , 
the figure for carbohydrates was approximately 500 grams total per day , 
of which 1 5 5  grams were sugars . Thi s  i s  the point . We have gone from 
the pol ymeric to the s imp l e  sugars in a maj or way . We have reduced our 
carbohydrate intake , and we have substituted for the starch port ion , 
which represents the main di fference , the prote in and fat from the ani 
mal s  o f  whi ch we eat l arge amounts and t o  whom we feed the starch 
bearing grain that we formerl y took direct l y .  

Figure 1 i s  a Department o f  Agricul ture i l lustrat ion that I have up 
dated , showing how the amounts of total  carbohydrat e ,  sucrose , total 
sugars , and starch in our diet have chan ged . Thi s  change i s  noted in 
terms of percentage and i s  indicat ive of the situat ion that prevai l ed 
at the beginning of the stat i stical col l ection ,  which i s  the 1 9 1 0 - 1 9 1 3  
period . The point s represent five-year moving averages , and I think 
that they show quite c l earl y  what has happened . Starch has gone down , 
sucrose has come up , total sugars have come up , and total carbohydrates 
have gone down . 

In  Tabl e  1 are shown some of the data from Figure 1 ,  a l ong with 
others in a s l ight l y  d ifferent context . These numbers are estimates . 
They are cal cul ated from disappearance stat i s t ics , and because of this 
they don ' t  always add up . The reason that I picked these part icu l ar 
dates i s  because of the deve lopment of corn sweeteners . The corn sweet 
ener figure for the 1 9 1 0 - 1 9 1 3  period is  about 8 g ;  that for 1 974 i s  
33 g .  So from 1 9 1 0  to 1 97 4 , i n  about 6 5  years , w e  have mu l tipl ied our 
corn sweeteners consumption four t imes . Corn sweeteners is the general 
name given to those material s that are produced by the hydro l ysi s of 
starch . In thi s term we inc lude principal l y  two products: corn syrups , 
which contain mal tose and other mal tose type ol igo or intermediate 
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FI GURE 1 Per capita consumption o f  total sugars, refined sugar , 
starch , and total carbohydrate .  Agricul tural Research Service , 
U . S .  Department of  Agricul ture , 1972 . 
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Calcul ated Dai l y  Average Consumption of Various Carbohydrates 
a 

Year 1 9 1 0 - 1 9 1 3  1 960  1 974 

Starch 342 1 88 1 7 9  

Sugars 

Sucrose 1 0 1  1 2 1  1 2 3  

Corn sweeteners 8 1 9  33 

Lactose 2 1  2 5  2 3  

G lucose 6 1 1  1 2  

Fructose 6 4 3 

Mal tose 2 4 4 

Others 1 2  5 3 

TOTAL SUGARS 156  1 8 9  2 0 0  

TOTAL CARBOHYDRATE 498 377 379 

PERCENT OF SUGARS 3 1 . 5  50 . 0  52 . 6  

acomp i l ed from USDA/ARS 1 97 2  data and sugar stat i st ic s  (USDA) . 
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saccharides ,  as we l l  as dextrins and some dextrose , and crystal l ine 
dextrose itse l f .  

Whi l e  I want to  dwe l l  on the technological revolut ion in sweeteners 
l ater , let me identify it in advance .  One of the event s that has hap
pened very recent l y  and that came to a c l imax in 1974 was that the corn
refining industry , that i s , the manufacturers of corn sweeteners , com
comp leted a research proj ect that had been in process  a l ong t ime . 
What they learned how to do commercial l y  was to i someri ze or tran s form 
the sugar g lucose into the sugar fructose . Thi s  was a maj or event , be 
cause fructose i s  sweeter than g lucose . One of the disadvantages that 
corn sweeteners had been suffering from over years of deve lopment was 
l ack of sweetnes s , which in direct re l at ionship to sucrose in the mar
ketpl ace put corn sweeteners on the defen s ive as " substitute" sweeteners . 

Now , as a resu l t  of a maj or technol ogical devel opment over the past 
five years invo lving immob i l i zed enzymes - - a revo lut i onary development 
on its  own , and the sweeteners devel opment i s  real l y  the first maj or 
appl i cation of immob i l i zed enzymes - - we have the commercial production 
of fructose-containing corn syrups , i . e . , sirups containing up to nearl y  
a SO-SO g lucose-fructose rat io . Thi s  i s , of course , the rat io of g l u 
cose to fructose in sucrose . Thi s  i s  equivalent to  another commercial 
product produced by the sugar industry cal l ed invert syrup , which i s  a 
mixture of g lucose and fructose produced by the hydrolysis  of sucrose , 
or sugar . So in a sense , cane and beet now come together with corn as 
sources of equival ent swe�tnes s  -- a maj or breakthrough . 

Going back to Tab l e  1 ,  I would  l ike to exp lain that the reason I en
c losed the 3 i s  that i f  you use Department of Agricul ture percentages 
to measure approximate l y  the amount of fructose derived from the foods 
we eat dai l y  -- fruit sugar , et cetera -- i t  i s  about 3 g a day . But 
i f  we now begin to think in terms of the amount of fructose that i s  
being d i stributed a s  a resu l t  o f  thi s techno logical development - - l ast  
year more

.
than 1 b i l l ion pounds of thi s  materia l  was  produced and put 

into commercial  use - - and if we a l so think in terms of how sucrose i s  
used in processed food and how it  breaks down into g lucose and fructose 
during proces s ing , what we have in the diet i s  about ten t imes as much 
fructose , name l y ,  about 33 g/day . Thi s  represent s a s i zeab l e  amount of 
free fructose and a s ignificant l y  different representat ion in the pat 
tern of sugars that we con sume than the USDA stat i st i c s  provide . 

I n  Tab l e  2 the previous data are expres sed another way , us ing again 
1 9 1 0 - 1 9 13 , 1960 , and 1974 dates . Note that the corn sweetener usage 
figure is about S percent in the base period , that it has doub l ed in 
terms of percentage of total sweeteners by 1960 , and risen to over 1 6  
percent by 1974 . Data for 1 9 7 4  are pre l iminary figures , and it  i s  be 
coming apparent that the ant icipation of 1 03 pounds proj ected by USDA 
stat i s t i c s  was high for sucrose in 1974 , which was a c l imactic  year . On 
a total  sugars bas i s , sucrose was about 60 percent for 1974 , but corn 
sweeteners is now over 16  percent . Tota l  consumption , inc luding al l 
categories , i s  1 6 1  pounds instead of the 1 2 6  pounds experienced in the 
1 9 1 0 - 1 9 13 base period . The point , of course , is that the pattern of 
sugar consumption is changing . 
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TABLE 2 Shares of  Various Sweetener Sources (Ca l cu l ated from Averaged 
Di stribut ion Data) a 

I tem 

Sucrose 

Corn sweeteners 

Dietary ( Intrinsic)  

Noncaloric (Sugar 
equival ent)  

TOTAL 

1 9 1 0 - 1 9 13 
( lb/cap .  % )  

8 1 . 3  

6 . 4  

38 . 6  

1 26 . 3  

64 . 3  

5 . 1 

30 . 6  

1960 
( lb/cap .  

97 . 6  

15 . 5  

38 . 9  

2 . 5  

1 54 . 5  

aData from USDA/ARS ; Sweetener Statistics  (USDA) 

1974 
%) ( lb/cap .  % )  

63 . 2  96 . 5  59 . 9  

1 0 . 0  2 6 . 4  1 6 . 4  

2 5 . 2  32 . 1  19 . 9  

1 . 6  6 . 0  3 . 7 

1 61 . 0  

Figure 2 i s  another indicat i on of a changing pattern . Thi s  i s  the 
way our cooking act ivities  or our food preparations have moved from the 
home kitchen to the factory . The consumption of sugars genera l l y  is an 
indicator of thi s  k ind of soc ial  change ; indeed , it is an exce l lent one . 
You wi l l  note that househo ld use of sugar is  going down from 1 9 1 0  on to 
a point where , in 1 970 , the figure i s  on l y  about one-third of the base 
period . Meanwhi l e , beverages ,  one of the maj or uses of sweeteners , i s  
going up , bakery goods usage i s  going up , and , i n  short , total processed 
foods use of sugars i s  going up . Also  shown is the sucrose curve , and 
above that total sucrose and corn sweeteners . 

Tab le  3 gives you an idea of what has happened to corn sweeteners 
over the years , and you can al so see corn , cane , and beet as a kind of 
three -commodity bas i s  for sweeteners . Since 1950 the beet sugar por
tion has not changed very much . What has happened , of course , is  that 
the percentage of sucrose from cane has dropped s i gn i ficant l y ,  wh i l e  
corn has ri sen with equal s igni ficance . Of course , both cane and beet 
sugar are sucrose , whi l e  corn sweeteners are the combination of corn 
syrup and dextrose . 

The j ump between 1 973 and 1974 i s  a very interest ing one . The rise  
in  torn sweeteners per  capita i s  an indicat ion of something happening - 
that something being the c l imact i c  character o f  1974 , which invo lved 
a quadrup l ing in the price of  sucrose . I t  resulted in an even further 
penetrat ion of the market by corn sweeteners and , perhaps , is an ind i 
cat ion of things to come . 

Let me say that most of the stat i stics  on these chart s were gathered 
from the USDA Agricul tural Research Service and Sugar Branch series ,  
and they are based on the disappearance o f  sugar into the diet or into 
the garbage can . In  other words , they are based on disappearance , but 
we cal l them consumpt ion . We have no cont inuing , true measure of actual 
consumption in the United States . We have some spot data . 
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F I GURE 2 Use of sugar in selected product s ,  proces sed foods , and 
households . 

TABLE 3 Annual Per Capita Consumption of  Sucrose and Corn Sweeteners 

Pounds Per Capita Annual Percent of Total  

Total 
Year Cane Beet Sucrose Corn Sugars Cane Beet Corn 

1 950 75 . 7  24 . 7 1 00 . 4  15 . 1  1 1 5 . 5  65 . 5  2 1 . 4  1 3 . 1  

1960 67 . 9  29 . 7  97 . 6  1 5 . 5  1 1 3 . 1 60 . 0  2 6 . 3 1 3 . 7  

1970  7 2 . 7  2 9 . 8 1 02 . 5  1 8 . 5  1 2 1 . 0  60 . 1  2 4 . 6 1 5 . 3  

1 9 7 1  70 . 8  3 1 . 6  1 02 . 4  1 9 . 3 1 2 1 . 7  58 . 2  26 . 0  1 5 . 8  

1 9 7 2  7 1 . 1  3 1 . 9  1 03 . 0  2 1 . 0  1 24 . 0  5 7 . 3  2 5 . 7  1 7 . 0  

1973  7 3 . 9  29 . 3  1 03 . 2  2 3 . 6  1 26 . 8  5 8 . 3  23 . 1  1 8 . 6  

1974 68 . 6  2 7 . 9  96 . 5  26 . 4  1 22 . 9  55 . 8  2 2 . 7  2 1 . 5  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S w e e t e n e r s :  I s s u e s  a n d  U n c e r t a i n t i e s .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 9 8
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The curve in F i gure 3 i s  a profi l e from data produced by the USDA ' s 
Economic Research Service in i t s  1 965 consumer survey , which was cal l ed 
"One Day in Spr ing 1 965 . "  On that particu l ar day a survey was taken 
that revea l ed this pattern of consumption of sugars and sweets by age 
and sex . Note that females  consume somewhat less  of these than males . 
Al so note where the concentrat ion i s , or where the peak curve i s  - 
name l y ,  i n  the 1 0 - t o  2 0 - year group . 

Figure 4 i s  a profi l e  of soft - drinks consumpt ion on that same day in 
Spring 1 965 . Again femal e  consumption is l ower than mal e , and the peak 
is in the teens near the twent ieth year . I emphasi ze that we have very 
l it t l e  t rue consumption informat ion ,  and that because there are begin 
ning to be cal l s  for true consumer survei l lance data , this informat ion 
s i tuat ion may change drast ical l y .  

A s  further i l lustrat ion of shifts i n  sweetener de l ivery , which shoul d  
be obvious to you by thi s  t ime ,  let  m e  summari ze some 1 9 73 dat a .  First 
of al l ,  to estab l ish a base , in 1910 2 5  percent of sugar was de l ivered 
for industrial use and the rest for household use . In  1 9 7 1  the sucrose 
fraction that was del ivered as industrial sugar was 69 percent . I f  you 
add the corn sweeteners to that , the total for industrial use was about 
72 percent . The point here i s  that the d i scretionary use of sugars by 
the consumer at the present t ime is very l imited . I n  other words , the 
bu l k  of the sugar consumed is presented in foods . 

For examp l e , between 1 955 and 1965 , the use of sugar in frozen des 
serts went up 3 1  percent ; i n  baked goods , 5 0  percent ; i n  soft drinks , 
78  percent . Now on this base , the 1973 del ivery s i tuation provides an 

Males 

Females 
--------- ----- -----

0 
AGE 

F I GURE 3 Average individual con sumption of sugar and sweets by age and 
sex - - one day in spring 1965 . Agr icul tural Research Service , U . S .  
Department of Agricu lture , 1 972 . 
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YEARS 

F IGURE 4 Average individual con sumption of soft drinks according to 
sex and age - - one day in spring 1965 . Agricultura l Research Service , 
U . S .  Department of Agriculture , 1972 . 

interest ing set of stat i stics : two-thirds of al l sugar went to  proces 
sors again . I f  you add the corn sweeteners , almost al l of wh ich go to  
processors , that brings the total  to more than 70 percent . Of al l that 
industrial sweetener , 23 percent went to bot t l ers , 1 3 . 5  percent to 
bakery and cereal manufacturers , 9 . 6  percent to confect ions , and 5 . 5  
percent to canning and preserving . 

The data in F igure 5 ,  at l east as a starter , g ive you some idea of 
the pattern of distr ibut ion of total  sweeteners , of total sucrose , of 
industrial sucrose moving up and of nonindustrial sucrose mov ing down 
in other words , the discret ionary port ion becomes smal l er .  You a l so 
wi l l  see that corn sweeteners are going up . When the high -fructose 
corn syrup appeared there was a sudden ut i l i zat i on rate increase . 
P lease note the l ine for corn syrup growth . The dot s represent the 
quick rate of change from the lower curve to the curve above it . In 
other words , an increasing commerc ial demand for high-fructose corn 
syrup occurred in part , we are sure , because of the high price of sugar , 
and a l so because the food manufacturer knows how to mix sugars to both 
funct i on and cost requirements . But thi s  rapid increase is a most in
t erest ing phenomenon . 

Referring now to Figure 6 ,  this set of curves i s  large l y  specu l at ive . 
Above the regu l ar corn syrup proj ect ion is  the l ine showing the d i s 
pl acement due to high - fructose corn syrup , then the point denot ing 
announced plans  for growth to 1979 . Thi s  i s  fol l owed by a point showing 
a sugar industry est imate for 1985 on the penetrat ion th i s  new product 
wi l l  make into sucrose use . Remember , this is no l onger sucrose , but a 
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mixture of  fructose and g lucose . These proj ect ions are highly  specula
t ive ; but the pos s ib i l ity of  subst itut ing a maj or part of  the sugar 
imported into the Un ited States  is being di scussed , j ust as foreign 
sugar producers are di scussing a worldwide organ i z ation that wou l d  con 
tro l the pr ice of raw sugar . The last point on the curve then repre 
sent s about 50 percent of sugar usage be ing displaced by the new product 
( import equivalent ) .  Al l of  these speculat ions are based on a per 
capita consumption of 130 pounds of total sweeteners , with industrial 
sugar dropping , as shown in Figure 6 .  

Tab l e  4 pre sents the prev ious data , that i s , what may happen in the 
per iod 1979 - 1 985 in terms of shares of  market among the sources  of nutri 
t ive sweeteners . Since there i s  a bas i s  for assuming that total sugar 
consumpt ion may go e i ther up or down , Tab l e  4 present s percentages of 
market at near 1 30 and 1 2 0  pounds per capita consumpt ion . In any 
instance , what happens c l ear ly  is that corn , cane , and beet come c loser 
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FIGURE 6 Corn syrup projections. Possible effects 
of HFSC. 

TABLE 4 Shares of Market Cane, Beet, Corn ( 19 74 - 1985)  

1979 1985 
Sweetener 1974 Projected'� Projectedc 
Source Actual (%)  High (%) Low (%) High (%) Low 

Beet a 22 . 7  2 3  24 23 25 

Cane b 55 . 8  53 50 49 44 

Corn 2 1 . 5  24 26 28  31  

TOTAL SUGARS 
POUNDS 1 2 2 . 9  128 121 130 1 1 8  

a Beet assumed annual per cap. lb. 1979 : 29 ; 1985 : 30 . 
b

For further projection assume domestic cane-beet. 

cProjection based on continuing high and low sweetener consumption. 

(%)  
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and closer together as sources and the total amount of sucrose in 
distribution declines sharply . 
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What I have described here is a most dynamic situation in the domes 
tic sweetener picture , one in which patterns of u sage are changing 
constantly. We are truly in a technological revolution with respect to 
sweeteners . The discretion of the consumer is limited , because most of 
our foods that contain sweeteners are convenience foods and sweeteners 
are chosen on the basis of both function and cost. The manufacturing 
consumer obviously knows more about this combination than the household 
consumer. Such a dynamic change in the patterns of use would not be 
possible without a highly industrialized food system . So the clear 
evidence is that the role of sucrose in the diet is receding . If one 
considers the fact that about SO percent of the sucrose that is dis 
tributed probably arrives in the consumer ' s  hands (or mouth, if you 
will) already hydrolized - - the sugar in bottled beverages, the sugar 
in canned fruits - - what seems to be happening is that the percentage 
of fructose in the diet is showing the most rapid rate of increase of 
any of the nutritive sweeteners . 

I n  closing , let me emphasize again our great need for more true con 
sumption data if we are to have a clearer understanding of the patterns 
of sweetener use. 

D I SCUSSI ON 

KASHA : Before I ask for audience questions, there is a clarification I 
would like to ask of the speaker . In your Table 2 ,  citing various 
sweetener sources, there is an item labeled "Dietary. " What is a 
dietary sugar ? 

CANTOR : I t  is the sugar that is in the food naturally . I included that 
�mount of sugar already taken in in the food we eat. Those calcu 
lations are made regularly by the Department of Agriculture in an 
effort to see exactly what is happening in our diet . For example, 
what is the changing percentage of lactose in the diet as a result 
of the consumption of dairy products? 

R I CHARD AHRENS, University of Maryland : I consider this report very 
interesting, because from the earliest, when there were evidences 
that there are biochemical differences between the way sucrose and 
starches are handl ed , one of the culprits that has been investigated 
has been fructose. I think there is good evidence in most bio
chemistry books that fructose is metabolized differently than glu
cose, and that you get an increase in activity of a number of 
different en zymes when fructose is given in place of gl ucose . 

The conclusion of Dr. Cantor ' s  report -- that fructose consumption 
is going up - - is important because one of the reasons people have 
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been concerned about sucrose i s  that it i s  a maj or source of fruc 
tose in the diet once it  i s  digested . 

KASHA : So , we may be unwitting vict ims of technol ogy in terms of bio
chemical  nutrit ional changes .  I s  there response to thi s ?  

CANTOR : No . I think w e  are go ing t o  hear some more about d ifferent 
metabo l ic patterns of various sugars from other peop l e  in the Forum . 

MIA TALERMAN , Georgetown University : I think , though , that we should 
try to cons ider the investment for the return . We should cons ider 
the nutritional va lue of the calories consumed , and , a l so , the pos s i 
b i l ity o f  the interference on a mo l ecu lar l eve l . I t  i s  n o  sense 
taking sweeteners that wi l l  j ust foo l ourselves and make us be l i eve 
that , in fact , we are very we l l  taken care of on a nutrit ional l eve l . 
We find today that sweeteners in add i t ives are doing just  that . 
Thi s  i s  bas ica l l y  because peop l e  do not have a fundamental knowledge 
of what nutrition is a l l  about or the body mechan i sm ,  which I think 
we should take into cons iderat ion if we are going to proceed with 
any type of sweeteners . 

CANTOR : I am sure that that i s  going to be di scussed over and over 
again . I have no comment . 

SVEDA : I don ' t  understand your figure , Dr . Cantor , about sucrose con 
sumption . I get the sugar reports ,  and l ast year the quota was 2 5  
bi l l ion pounds div ided by,  rough l y ,  2 00 mi l l ion peop l e . That i s  
about 1 2 0 - 1 2 5 pounds a year , which equates to about 1 / 3  pound a day . 
You have 1 2 3  grams , which i s  about 1 / 4  pound a day . 

CANTOR : The sucrose figures for quite some t ime have been about 1 00 
pounds per capita annual l y .  The fi gure reached its  peak in 1 9 7 3 . 
But we have an expert on the subj ect of sucrose consumption right 
here in the front row . 

SAUL KOLODNY , Director o f  Economic Research , Amstar Corporat ion : 
Dr . Sveda re ferred to a quota fi gure . I t  i s  true that with respect 
to cal endar year 1974 the Department of Agricul ture set a quota fig
ure of 1 2 . 5  mi l l ion short tons , raw value , but actua l di stribution 
was j ust a bit  above 1 1  mi l l ion short tons . We do make some adjust 
ment for pos s ib l e  stock s that were carried over into 1 975 . 
Dr . Cantor ' s  per capita figure equates to the 1 1 . 2  mi l l ion tons  
reported d i s appearance . His  figure i s  correct . 

JAMES WARREN , Ohio State Univers ity : Just a point about the matter o f  
disappearance rates . I think they make u s  al l a l i t t l e  uneasy , and , 
of course , the question that makes us uneasy is  how much goes into 
the garbage can . I wonder if a cu l tura l change , from a "cl ean -up
your-plate" phi l osophy to today ' s phi l osophy about eat ing , 
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accompanied by the change from cooking in the kitchen to cooking in 
the factory, have altered the percentage that has gone into the 
garbage can . 

CANTOR : As you probably know, there have been numerous garbage surveys 
looking for answers of this kind . I t  is very difficult to get 
answers on real consumption unless 2 4 -hour recall patterns or simi
lar means are used. We have such small amounts of information of 
that kind in this country that the need is coming to national at 
tention and perhaps to a head. 

But the figures that we do have are anywhere from 5 percent to 
about 1 5  percent. From a di scussion I recently had at Bryn Mawr 
College with some young people who are very much concerned about the 
world food problem, I think that one of the best ways to generate a 
greater surplus here is to get rid of that 5 to 1 5  percent waste . 
If we knew more about ourselves in terms of consumption we might be 
able to generate help for someone else. 

ROBERT CHOATE, Council on Children, Media and Advertising : I have known 
you a long time, Dr . Cantor, and I never knew you were an expert on 
garbage . 

I just wonder what the change towards the com -based sweeteners 
will mean in dental concerns, particularly among children in the 
years to come. I think we will try to bring that out in the next 
two days, particularly among the dental experts in the audience . 

KASHA : I s  Dr. Navia able to respond? 

JUAN NAV I A, University of Alabama : I think that foods containing corn 
sweeteners or fructose, when consumed improperly - - in large quanti
ties, frequently, and taken not with a meal but as a snack between 
meals - - can be as dangerous as those foods containing sucrose . So, 
I don ' t  think that such substitutions would improve anything in 
terms of the threat of sugar -containing foods to dental health. 

KASHA : You could say there would be veritably no change, no improvement 
or no reason to think it is particularly worse for one. 

SAMUE L STUMPF, Vanderbilt University : The kinds of questions that are 
going on in my mind have not yet been provoked . In other words, it 
woul d not be easy for me, at this point, to be able to answer the 
question, why are we here? That is to say, no issue, really, has 
crystall ized yet. For example, apart from these quantitative reports 
and the physiological characteristics of our inborn natural propen 
sity to want to eat sweets, I would want to know what problem has 
been created for our society by the increased use of sweeteners of 
whatever kind, of whatever form ? I s  there some pressing issue that 
we now face ? I s  there some health problem that is emerging as a 
result of these factual developments? Once it can be established 
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that there are some genuine problems, then I think we get into poten 
tially all kinds of rather serious questions of methodology as to 
how we are making decisions either to approve or disapprove of the 
use of things . I think we might even get into ethical questions 
that relate to the defensibility of making available to our popula
tion the kinds of things that injure them. 

KASHA : There are topics coming up this afternoon that point out an 
unwitting drift toward a diet substitution , and the theme is a total 
bulk and satiety diet that can be accepted by the individual, and 
that, by having a trend in one direction of carbohydrate usage, re 
places other macronutrients with consequences that are unknown but 
are important to bring out . 

Then the question becomes , what information is there to the con 
sumer, what is known about what that consumer is eating? I t  is 
complex, because sucrose added is not sucrose consumed . The sucrose 
itself is converted in the food before it is consumed, and so the 
consumer is in a very tricky position of not even knowing precisely 
the sugar composition nor its consequences. 

CANTOR : One of the points that may very well be an issue -- I am not 
prepared to actually say so at this time -- is the shift from poly
meric carbohydrates, mainly starch , to simple sugars . This is some 
thing about which there has been a great deal of discussion . 
Nutritionists are beginning to encourage us to move back toward more 
polymeric carbohydrates, and also, in the same context, to move us 
toward more fiber for reasons that are clear . There al so is as much 
suggestion, as I noted , from the statistics at l east, that the total 
carbohydrate iri the diet is going up as there is that it is going 
down. We don ' t  know. We do know it is changing. 

JOAN GUSSOW, Columbia University : Something was said yesterday pri
vately about there being a topping out effect on the amount of sugar 
that a culture would consume given the opportunity to consume a 
maximum amount. That was based, I think, on some charts that show 
sucrose consumption remaining at about 1 02 pounds a year for a num 
ber of years . 

If I read your charts right that is not true if one l ooks at total 
sugars. Your figure of 200 pounds included food sugars, as I under 
stand it. 

CANTOR : Two hundred grams per day incorporates the figures from the 
Department of Agriculture on all sugars included in the diet - 
intrinsic and added. 

GUSSOW : I s  it your reading of the figures between, say, 1 960 and 1974 , 
that there has been an increase in the total use of caloric 
sweeteners? 
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CANTOR : Exactly . 

GUSSOW : To what extent ? 

CANTOR : The increase has come substantially from other sources rather 
than from sucrose. Sucrose has been relatively constant. 

GUSSOW : Could you g ive me those two f igures, that i s, what is the 
total for 1 960 versus the total for 1 9 7 4 ?  Do you recall? 

CANTOR : As I recall, 1960 for sucrose was 97 . 6  and the total was 1 1 3 .  
In 1974  sucrose was down, according to Mr. Kolodny, to 96 . 5  after 
correcting for stocks left over, whereas the f i gure for corn sweet 
eners was 26 . 4 ,  and the total thus about 1 2 3 . 

Now, there i s  another interesting effect here. Since the price 
of sugar quadrupled in that per iod, we are beg inn ing to understand 
a little more about the pr ice elasticity of demand for sucrose in 
the American food culture. It is not as elast ic as we might think 
from available data. You have to rai se the price fairly high before 
the sweetener consumpt ion goes down substantially . In the 25 per 
cent or thereabouts that is in the discret ion of the consumer to 
purchase, it looks as though there may have been an actual three-
to four -pound per cap ita drop in sucrose disappearance. 

GUSSOW : But the fructose i somer i zat ion actually enhances the sweetness 
of the corn syrup. 

CANTOR : Exactly . I t  makes it competit ive on a sweetness basi s  with 
sucrose, so it beg ins to penetrate the sucrose market, and it i s  
cheaper . 

GUSSOW : And the total sweetness that i s  represented by those f i gures 
goes up ? 

CANTOR : I s  equ ivalent. 

GORDON NEWE LL , Stanford Research Center : I think of your presentat ion 
as another reflect ion of the total changes in our way of life and 
economy . As you pointed out , in 1 9 1 0  there was a very h igh consump
t ion of sucrose in the home , and now it is relat ively small . Th i s  i n  
a way reflects today ' s  h igh proport i o n  of our foods bei ng prepared 
outside the home and the large numbers of people eat ing in restaurants . 

In view of some of these changes -- our start ing to consume 
larger proportions of fructose , the increasing push on maltose - 
what effects might they be hav ing on the total nutri t i onal state of 
man in our country? These are changes that the individual now has 
l i ttle chance to control in terms of his intake of sugars as opposed 
to when we did more of our cooking at home. 
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CANTOR : S o  far a s  the discretion of the consumer i s  reduced, you are 
quite right . There is a good deal of work going on in a number of 
areas relating to the exact metabolic effects of the kinds that you 
are talking about . At the present time, I don ' t  know that anybody 
is terribly alarmed about this . I t  is a matter, really, of quantity 
rather than identity at this particular time and not a widespread 
concern about toxic effects. 

I am concerned about this matter of choice - - what needs to be 
done about it, and what can be done about it. We seem to be moving 
away from standardized foods, that is, standards of identity. Pre
sumably, the nature of a sweetener in those foods can be established 
by such standards. But we are moving in the opposite direction. 
This may very well be a desirable direction that offers more free 
dom of choice on the part of the manufacturing consumer to choose a 
sweetener according to function and cost . I think one of the func
tions of this Forum is to discuss exactly the point that you raised . 

KASHA : I n  your reference to standardized foods, did you mean that the 
diversity of sugars is changed and concealed, so to speak, from the 
consumer ? 

CANTOR : I wouldn ' t  put i t  as a matter of concealment. The standards 
hearings as carried out are public. Whether the consumer is inter 
ested in or understands what is going on is another matter ; but 
there is nothing concealed. For example, for a long time there was 
a standard that no more than 25 or 30 percent of corn syrup could be 
used in the sugar mixture used for cann ing fruit . There i s  no 
longer such a standard . 

KASHA : I didn ' t  mean that the concealment was malicious. I t  might be 
just accidental. 

V I RG I L 0 .  WOD ICKA, Consultant : I would like to comment on that . There 
was or iginally a limitation imposed on the use of corn sweeteners in 
a number of standardized foods arising out of a long and emot ional 
series of hearings, the primary motivat ion being, shall I say, to 
l imit economic fraud. The idea was that corn sweeteners were cheaper 
than sucrose ; in the interest of maintaining sensory quality, because 
they did react differently at that time, a limitati on was imposed . 
I n other words, there would be strong economic mot ivat i on on the part 
of the processor to substitute corn sweeteners for cane and beet 
sugar, whereas the product became less desirable in terms of the 
result ing taste. The kinds of technological development s  that 
Dr. Cantor has pointed out have made this ceiling on the use of corn 
sweeteners irrelevant, because the products are no longer infer ior in 
a sensory context , and also, as he has pointed out, in acid fru i ts, 
which i s  the main context here, the chemical result is ident ical and 
renders equ ivalent sweetness . In other words, the sucrose that goes 
in is very largely hydrolized in the course of processing and storage 
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and winds u p  a s  a n  equal molecular mixture o f  glucose and fructose , 
and that is exactly what the corn sweetener now is doing . So there 
appears to be no longer any point in imposing this kind of limita
tion on the use of corn sweeteners in standardized foods. 

ROSS HALL , McMaster University :  I would just like to make a comment in 
terms of some of the figures that Dr. Cantor produced. 

Seventy-five percent of the total sweetness is now in the form of 
manufactured foods. Some of the questions to wh ich we will address 
ourselves here in this Forum are the health effects, the safety 
effects, of this quantity of sweetness in the North American diet. 
We just heard a comment to the effect that fructose is metabolized 
differently than other sugars, and this is, indeed, something that 
has to be taken into account. 

I also would like to raise an additional factor. If we have this 
vast technological capability for introducing sweetness into the 
North American diet, what kinds of foods does it inv ite ? So it 
seems to me that in d iscussing these safety and health factors of 
sweetness or sugar, whatever you wish to call it, we have to take 
into considerat i on the k inds of foods that are produced, in other 
words, what kinds of foods are invited. 

I am afraid that our present methods, present systems of evalua
tion of the quality of these foods, the safety factors, are quite 
inadequate. I hope that we will have a chance to look at this in a 
l ittle more depth and that we w ill not only center on sugar, but also 
on the k i nds of foods in wh ich sugar is incorporated. 
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MEDICAL AND TOXI COLOGICAL I SSUES 

J ame s V .  Warren 

My ro l e ,  as I see i t ,  is to act l ike what I am - - a phys i�ian ,  an 
int ernist , real ly a cardio logist - - and to lay out for you what I see 
as the maj or med ical probl ems that are before us in these  two days . I n  
doing my homework for thi s  Forum , I l ooked through the various retriev 
al  systems for al l the 1 it er.ature on this subj ect . I t  i s  vast . You 
must remember , then , that I have fifteen minutes to summari z e  a great 
amount of informat ion . In trying to do this  briefl y ,  I a l so w i l l try 
to do it as honest ly  as I know how . I am going to t e l l you what my 
opin ions are , for what they are wort h ,  and try to set the stage for our 
further di scuss ion s . 

Sugars are interest ing in that they have been around for a long 
per iod of t ime , and we have a l ways cons idered sugar as part of the car
bohydrade component of our diet . I n  rec ent years there has been some 
tendency to reduce the fat component in our d i et ; this means that if we 
are to keep caloric intake l eve l the same we are probabl y  go ing to in
creas e protein or carbohydrates , wh ich may or may not mean sugar . 

There has not been a drast ic change , as you can see , in terms of  
percent ages . But I find some o f  our di scus s ion a l it t l e  l ike the story 
about the man who drowned in wat er , the mean depth of which was s ix 
inches : he happened to be in a p l ace where it  was ten feet deep . I t  
has not yet been stated that t h e  youth o f  the U . S . A .  are part ic ipat ing 
in a great spree of eat ing refined sugars and some of the new products  
that you heard about this morn ing . Therefore , I woul d  say that the 
mean data may not be tota l ly i l luminat ing about some o f  the pot ent ial 
med ica l probl ems . I would l ike to cons ider what I s ee as the potential  
areas o f  prob l ems about sugars , and I wi l l  on l y  say a bit  about the 
noncaloric sweeteners . 
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First o f  all, I would point out a fact well known to nutritionists :  
sugar i s  not an essential in our diet . I n  the dietitian ' s  terminology, 
there is no required daily allowance . We can get along without sugar, 
and in some cultures do . But , as you know, most people in our society 
consume quite a bit of it . I t  tastes good in itself, and it makes 
other foods taste better . We have this sort of inborn tendency to use 
sugars that you have heard about . 

The real questions from a medical standpoint in dealing with a non 
essential dietary substance are : How much risk should we accept in 
eating it? How much should this lead us to be conservative in its 
consumption? Are there any specific types - - fructose has been men
tioned - - that we should avoid as particularly hazardous? As I look 
over the field, four major areas of concern are obvious to me . 

The first problem is the one of simple obesity . Calories do count . 
Sugar is caloric and constitutes, as we have already said, a large com
ponent of dietary intake . So it is a part of the large mosaic that 
makes up an important medical problem of our country - - obesit y .  We 
know the life insurance f i gures as well as a lot of others that point 
out that obesity is not a good thing in terms of life expectancy . We 
know it is a very complicated matter, and I think it has been oversim
plified in the press . I t  is commonly brought out that obesity leads to 
heart d i sease and to hypertension . When one studies these facts by 
modern medical methods and modern statistical methods, they fall apart 
to some extent , and the relationships are much less clear than people 
have thought . Such large organizations as that of Dr . Ancel Keys and 
h i s  colleagues at the Un iversity of M innesota have pointed out that - 

although obesity rides along with some of the nox ious factors they can 
recogn i ze, as a factor in the generation of heart disease, an etiologic 
factor if you will - - obesity is probably not as important as we once 
thought . 

Nevertheless, the facts still stand that obesity is bad cosmetically 
and in terms of life expectancy . There are a lot of reasons why we 
want to avo id obesity, and the amount of sugar in the diet is a factor . 
I t  has been suggested that simple substitution of some other sweetener 
for sugar is not really the best way to reduce weight . Dr . Sebrell, 
who is here , can tell you much more about that from his exper ience . 
But I would just po int out that sugar is a factor in obesity, and that 
obesi ty is still med ically thought to be undesirable . On the other 
side of the coin, doing away with simple sugars in the diet may not be 
the best way to control obesity . 

The second med ical or heal th problem is dental car ies . Here, again, 
one f inds differences of opinion in the vast l iterature that exists . 
To me, the simple story about this is as follows : When one eats 
sugars, they accumulate around the base of the teeth ; in that environ
ment they are subject to bacterial action wh ich, on a brief time 
course , creates an ac id state that is detr imental to the enamel of the 
teeth and is rel ated to plaque formation, lead ing to dental disease , 
car ies, and periodontal disease . 
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There is some evidence that the matrix , the sugar i t  is in , i s  im 
portant. If it is a very sticky , gooey mater ial like a candy bar , and 
you eat it just before you go to bed without brushing your teeth , the 
situation may be worse than dr inking a fluid that has sugar in it and 
flows by your teeth. There are numerous debates in this general field, 
but I would po int out that this is one of the important med ical prob 
lems we will be looking at .  It is a special one in that it relates 
more to the matrix than it does to amount of sugar. 

The third problem is diabetes mellitus. D iabetes in popular 
parlance is thought to be a disease of sugar . It was thought by many 
to be a simple deficiency o f  the hormone insulin that controls in part 
the glucose levels in our blood and in our body tissues. Unfortunatel y ,  
I must bring you the message that I know the physic ians here share 
it is not at all that simple , and, indeed , diabetes today remains 
essentially an unexplained disease. 

There are some very interest ing recent theor ies about an imbalance 
o f  other substances in the blood , such as one called glucogon that is 
also related to sugar levels . But I would have to say that the under 
standing of the metaboli c  nature of diabetes is unclar ified and compl i 
cated at this point. I t  i s  not merel y a n  over-amount of sugar being 
introduced into the body. It clearly involves sugar , and in the pre
insulin days , control of sugar was the major way of controll ing the 
disease. When people died of diabetes at that t ime , they often died of 
so -called diabetic coma , which was an extreme chemical imbal ance 
related to d isturbances in sugar metabol ism . Today that is far less 
common , and diabetes is an important medical d i sease because of its 
effects on the blood vessels and other tissues o f  the body that lead to 
heart attack and other problems . 

There is some debate , although it is not very act ive today , that the 
careful control of glucose in the blood is not a major determ inant o f  
how long you live with d iabetes . Now ,  if you just d o  not d o  anything 
about it , do not take any insulin , then you may get into troubl e l ike 
in the pre- insul in era . But with good medical control there are X 
factors that we have not ident i f ied that control longevity in the dia
betic . 

There i s  a part icularly interest ing study o f  the Yemen ites in the 
Middle East that tends to show , especial l y  i f  you have latent diabetes 
or the potential for the development of the d i sease , that a change in 
sugar intake from l ow to h igh may prec ipitate the cl in ical inci dence or 
evidences of the d isease. I do not think this is a debated po int . The 
general interpretat ion of it may be debated , and my big worry about 
this is that it may be overly used to serve the bel ief that sugar 
causes d iabetes. I think it is just a matter of the i ncreased i ntake 
br ing ing out this unobserved tendency in that indiv idual , but it may be 
more compl icated than that . 

One other anal ogy for your thinking. Those of you with med ical 
backgrounds know that in congest ive heart failure the major therapeutic 
problem for the phys ician deal s with the retent ion of sod ium chl or ide 
in the body. Al though sod ium chl oride is an important cons ideration in 
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congestive heart failure, none of us say that it is the cause o f  that 
disease . Equally so , then , my pos ition would be that sugar is deeply 
involved in diabetes but is not causat ive. 

39 

Finally, we come to the fourth general area, and a rather intrigu ing 
one brought out by the loud clarion voice from London of Professor 
Yudkin. On the basis of epidemiologic studies of a modern sort, look
ing at vascular disease rather than typhoid fever or someth ing like 
that, Professor Yudk in came up with a strong statement that the current 
epidemic, if you will , of ischemic heart disease , coronary heart dis
ease, heart attacks , is related to our increased consumpt ion o f  refi ned 
sugars. 

There is no question that by modify ing the sugar intake of an indi 
vidual in an experimental s ituation , you can alter to some degree , 
usually a modest one , the cholesterol tr iglycerides and other lipids in 
his blood. We have all recogn i zed that there is something there that 
relates to coronary artery di sease. A number of distingu i shed cardio 
vascular epidem iologists in this country have commented on Professor 
Yudkin ' s  theories ,  frequently w ith emot ion . Dr. Ancel Keys and 
Dr . Henry Blackburn , to name two , hav e  wr itten articles point ing out 
the frailties of Yudk in ' s  argument . 

Th is is one of those ongoing arguments that we will not resolve over 
the next day and a hal f. I am on the s ide of Keys and Blackburn . The 
evidence is not real l y  conv incing that the amount of sugar in the diet 
is related to coronary artery di sease . You can make th i s  argument for 
al most anyth ing , including gasol ine , that leads to a refined , western 
i zed way of l iv ing. I do not want to sell Pro fessor Yudkin too short , 
and I would say that it is an issue. But if you take a vote, I would 
think, among peopl e who are students in the field , there would be 
h igher numbers against h i s  theor ies than for them. 

So , it seems to me those are the four maj or areas of cons ideration 
about the large i ntake o f  sugar in our style of diet. These are : 
simpl e obesity probl ems , problems of dental car ies , the problems o f  
diabetes , and the potent ial problem o f  coronary artery disease. 

There are some other , l ess-frequent involvements. I would be remiss 
if I did not point that Dr . Donald Fredrickson has been a pioneer in 
study ing the l i pid substances of the bl ood . I n  certain of the less
common types -- " Fredrickson types , "  as we cal l them -- there is 
apparentl y a relationship to sugar i ntake , but I do not th ink it is a 
large h eal th ha zard. 

So what is my concl usion about sugar ?  I would j ust say that I th ink 
it does merit our attent ion. There is some apprehension that the 
amounts consumed are gett ing larger . They are getting , if not forced 
on us , involuntar ily pushed before us in these prepared foods that we 
have heard about . It is worthwhile fo r us to look into these problems . 
They al l are invol ved w ith some controversy . My worry about this Forum 
and about the understanding of the publ ic at large in this area is that 
there will be a tendency to overinterpret the facts . If you j ust pick 
up one paper , say Yudkin ' s  paper , and do not look at Blackburn ' s  paper, 
then you can g et a very one-sided v iew of these problems. I would 
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suggest you not fall into that trap. That is really all I have to say 
about sugars. 

I want to say a few th ings about the compounds we are going to talk 
about tomorrow that are essent ially but not totally noncaloric. They 
are not involved in the obesity problem . They are not really involved 
in these medical hazards that I have talked about . On the other hand, 
there is no guarantee that taking away sucrose and putting in these 
other substances will rel ieve us of all these problems . This is true 
to some degree in the obesity area and in the others . The medical 
problems switch over here . Rather than a problem as di rect as a food 
substance, the problem now becomes one of hazard. The fi rst quest ion, 
of course, i s  are they carcinogen ic? The important thing to remember 
here, as I see i t, is that there are levels of carcinogenicity and that 
literally the purest substance you know, if painted v igorously enough 
on the back of a rat or handled in some other way may eventually become 
a carcinogen. We have to make some assessment of the vigor of the 
potential carc inogenic action, and in many of these areas we do not 
have that information at hand . 

Finally , a po int has been made that we shoul d not get so worked up 
about the carcinogen icity and hazards of food additives that we forget 
about a lot of other problems, those of bacterial contamination in our 
food, and so forth . We should maintain a rational balance of what we 
are going to attack . I feel that sometimes the question of carcinogen
icity has become so prominent, so emot ional, that it has l ed us away 
from other more i mportant and rational medical points. That is a judg
ment, and I am not sure it is totally right ; but I would put it before 
you to watch as we go through this conference. 

I would just summarize by saying, from the standpoint of a physician, 
that there are interesting questions being raised here today. The 
problem of the apparent increase in sugar composition of our diet as it 
relates to obesity, dental caries, diabetes mell itus in susceptible in
dividuals, and coronary artery disease does merit our consideration. 

DI SCUSSI ON 

RI CHARD AHRENS : Dr . Warren, would you elucidate a bit on the point 
that obesity now is not considered to be as important as it once 
was. Dr. Keys is saying that hypertension is the major risk factor 
and that, i f  you are overweight but luckily not hypertensive, then 
your risk of getting heart disease or a number of other things is 
not increased .  

WARREN : We refer to risk factors very loosely these days . The term is 
just an epidemiolog ic association, and there is no real impl ication 
that taking away the item found to be a risk factor w ill relieve us 
of the health problem involved . 
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Obesity is associated with a number of diseases, including 
diabetes mellitus, hypertension, and heart disease. The point, as I 
understand Dr. Keys and others, is that obesity per se, if you could 
isolate it in pure culture, is not a specific etiologic factor in 
heart disease. I t  may make heart disease worse, and it is so often 
associated with diabetes that it appears to be a risk factor, but it 
really is not. Don ' t  let me mislead. Obesity is not good ; there is 
no question about it. But its role needs to be clarified, and that 
is what I have tried to do. 

AHRENS : There was a very interesting paper in the TPansaations of the 
New YoPk Aaademy of Saienaes last April by Sidney Pell from DuPont. 
In making a computer analysis of the medical records of some 1 1 0 , 000 
employees at DuPont, he found that for the person who is overweight 
but not hypertensive, the chance of getting diabetes or heart dis
ease is not greatly elevated ; but, if he is hypertensive, all bets 
are off and the risk is greatly increased. 

WARREN : I t  is not a simple matter, and these studies are only achieved 
by the most sophisticated of epidemiologic statistical analyses. 

HERMAN KRAYBI LL, National Cancer I nstitute : I would like to agree with 
one o f  your statements on carcinogenicity indicating that we may 
devote too much of our attention exclusively to such events. I am 
always requesting that we look at noncarcinogenic events. But you 
made another statement about painting a substance on the back many, 
many times, implying that high amounts of materials will necessarily 
bring on a neoplastic process . Many of us may have believed that 
years ago, but we could cite numerous instances where that is not 
the case at all . I ndeed, by overloading and by high dosing , you 
produce lethality and do so much stress and damage to the organ that 
you actuall y never see the neoplastic process at all. In many in 
stances that process is evoked by very low level s of insult over a 
long period of time. I am sure you would agree with that. 

WARREN :  Yes, I would . I was thinking of some of the data on drugs in 
which the control group devel ops 1 0  carcinomas out of 1 00 ,  while the 
group on drug X develops 13 . I s  that drug really a carcinogen ? The 
line is hard to define . 

SHE LDON RE I SER, Carbohydrate Nutrition Laboratory, USDA : You mentioned 
something about a small component of the population being somewhat 
more susceptible to carbohydrates than the maj ority of the popula 
tion. Do you have an y idea of what figure that represents in per
cent? 

WARRE N :  I have t o  say that I can ' t  give you one. 
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RE I SE R :  I was wonder ing about an art i c l e  by Woods, est imat ing that 1 3  
percent o f  the mal e vo l unteers that he examined in Ca l i forn ia were 
cl assi fied as type 4 ,  or carbohydrate sensit ive . When you talked 
about a neglig i ble percentage , did you have that or some other in 
mind? 

WARREN : I don ' t  know the exact percent, and I would have thought it 
was somewhat sma l l er than that . I t  is not general l y  considered that 
thi s is the reservo ir from which important clinical diabetes comes . 
These stud ies on the var ious l ipid groups have been very en l ighten
ing ; we have l earned a l ot about prognosis i n  the di fferent groups. 
Dr . Leaf , who is here in the audience , is more of an expert in this 
area than I am . Maybe he woul d comment on that. 

ALEXANDE R LEAF , Massachusetts General Hospital and Harvard Medical 
School : I n  response to your questi on of what percentage of the 
popul at ion is at risk for diabetes, I don ' t  think we have a very 
good figure . The est imates are somewhere between 2 and 4 m i l l ion. 
But agai n ,  as Dr. Warren emphasi zed, the leve l of i ngest ion o f  
sugars i s  probabl y not the thing that puts one a t  r i sk f o r  diabetes. 

I wou ld l ike to ask another question . Dr. Warren has g i ven such 
a cl ear summary of the medical perspectives of refined sugars that I 
would encourage him to make a statement , s ince he snared me just 
now , as to the importance of h ighly refined sugars versus the po l y 
meric sugars i n  chang ing the diet o f  our Western cul ture from an i n 
crease i n  the pur i f ied , refi ned sugars and a decrease i n  the pol ymer i c  
carbohydrates and fiber. Thi s  is , o f  course , a very hot medical top i c  
at the present time. 

WARREN : Wel l , my comment would have to be that it is so much o f  a 
matter o f  debate that the p i cture i sn ' t  cl ear to me . I t  may be that 
some of these sugars that we heard about that are now coming up in 
our diet may be more problem produc i ng than good old sucrose. I 
real l y do not th i nk on the basis o f  my personal knowledge that I 
coul d make any more defin itive comment . 

CHOATE : Dr. Warren , could you cast any l ight on how the four major 
health problems poss i bl y  connected with sugar are revealed in the 
popul ation under fi fteen ? 

WARREN : I woul d suspect that fi rst i n  terms o f  frequency woul d be 
dental car ies. I can ' t g i ve you a fi gure , but there are some people 
in the audience who can ; it i s  an extraord i nari l y  h igh percentage. 
There is a ch il dhood obesity that i s  not stati stical l y  h igh but a 
serious problem .  Diabetes o f  a ch il dhood type , wh ich is a common 
medical subd i v i s i on and may be d i fferent from so -cal l ed adu l t  onset 
d iabetes in its mechan i s m ,  is a severe problem . Al though it is not 
commo n ,  those people who have it experience a tremendousl y severe 
problem . 
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The coronary artery disease problem, I think , in terms o f  mani
festations, is essentially no problem in childhood. But there are a 
lot of us who believe that the beginnings o f  coronary disease are 
started at that t ime. The evidence that everybody quotes in this 
context are the autopsies done on our soldiers both in Korea and 
Vietnam, young men age 2 0  plus or minus. A substantial percentage 
of them already had coronary arteries that showed evidence of begin
ning arteriosclerosis. I worry that we haven ' t  paid enough atten
tion to prevention in those of college age and early adult life. 
That is the hunting ground that I would search. 

KASHA : I would l ike to direct Dr. Leaf ' s  question in a different sense 
to Sidney Cantor. Do you have figures for the Soviet Union on diet 
ary carbohydrate ratio o f  sugar to starch? 

CANTOR :  No. But j ust qualitatively we know that the consumpt ion of 
grain products is higher in the Soviet Union than it is in the 
United States. 

KASHA : Dr. Warren, is there a difference in the incidence of the dis
eases you mentioned in the two societies? 

WARREN : Our methods of studying are different. The Russian society 
includes a wider span , it seems to me, of living styles. I am doing 
this j ust from impressions, but I would think that between the 
Westernized Russian and the usual American citizen there is no sub
stantial difference. The Oriental is different. But as their sugar 
consumpt ion increases, the incidence of coronary artery disease is 
going up. Whether that is cause and effect, I have no idea. 

LLOYD BE I DLER , Florida State University : Did I understand you correctl y 
that you think that diet foods have little to do with obesity? 

WARREN :  Let us def ine diet foods. 

BE I DLER : You made a comment that nonnut ritive sweeteners have l ittl e 
impact on the probl em of obesity. 

WARREN : When I sit down to the lunch table and see my friend put 
saccharin in h i s  co ffee, I do not believe that such a moderate 
change in h is dietary habits ,  if that is all there is to it , is go
ing to be a successful way of combatting his obesity. Dr . Sebrell 
will point out the usefulness of sugar substitutes , but t hat is more 
rel ated to psychologic factors , satiet y factors, than it is to 
cal oric factors. 

W. HENRY SE BRE LL, Weight Watchers ' I nternational : I don ' t  want to 
init iate now what I wil l  discuss more fully t omorrow. But what has 
been said here is correct . There is littl e  or no evidence that 
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peopl e using artificial sweeteners succeed in l osing weight a s  a 
result of the sweeteners. I f  one is trying to combat obesity by 
using artificial sweeteners, the caloric substitution is immaterial . 
I t  makes no important difference in the total caloric intake. 
Nevertheless, artificial sweeteners are essential in the practical 
control of obesity, as I will expl ain tomorrow. 

SALLY McLAUGHL I N, nutritionist : Dr. Warren, I am a l ittle bit con
cerned about your dismissing the epidemiol ogical evidence of 
Dr. Cohen. Are you saying that the Yemenite is an incipient diabet
ic, and that is why his data reall y  cannot be considered? Would you 
say the same thing about Dr . Otto Schaeffer ' s  conclusions concerning 
the E skimo when they changed their diet, or about the conclusions 
with the Zulu I ndians? I n  both cases, obesity and diabetes did in 
crease when refined fl our and sugar was consumed. 

WARREN :  The l ast statement you made is al so my impression of what has 
happened. The debate - - and I think it is a moot area - - relates to 
why. I s  there something about adding the sugar to the diet of the 
Yemenite, we wil l say, that de novo creates the disease state of 
diabetes mell itus? I do not think so, although I cannot say that it 
is a proven fact . As I said original l y, it is a moot question. 
However, there is evidence that this particul ar popu l ation group has 
a high incidence of the tendency toward diabetes . 

Diabetes as a cl inical disease is l ike the traditiona l  iceberg . 
There are a number of people who frankl y and open l y  have the disease ; 
but there are many others who have abnormal glucose tol erance tests, 
and so forth, who have disturbance in sugar metabol ism so that it 
rea l l y becomes, in part, a semantic question of whether they have 
diabete� or not. I t  is especial l y  difficul t when I say that I can ' t  
draw on a l antern sl ide with fina l ity what the mechanisms o f  dia 
betes reall y  are. I think we have ideas, and one could draw a ten
tative chart, but these are changing. Just in the l ast few years 
there have been substantial new thoughts in this area. 
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REGULATORY I SSUES 

Richard J .  Ronk 

I have been contemplating the ceiling of this auditorium and find it 
appropriate to the National Academy of Sciences. I t  reminds me of a 
grove. I f  we could paint palm fronds up there, perhaps we would be in 
an Arab grove, eating grapes and contemplating problems before our 
society. This too would be appropriate, because some of the issues 
before this Forum are rather Greek in origin ; since Greek philosophy 
passed through the Arabs to us, I think the grove is a suitable place 
to discuss these issues :  the good, the true, the beautiful, and the 
safe. 

Dr. Warren mentioned disease states, and we are concerned with 
whether there are any disease states that come from sugar consumption 
or changing sugar consumption patterns. But we are also concerned with 
that unattainable goal of seeking the good, the true, the beautiful, 
and the safe. So our relative attainment of that will be, in a large 
measure, responsible for what our response will be both to the question 
of sweeteners in the diet and also to the question of the use of arti
ficial sweeteners in the diet of American consumers . 

Samuel Stumpf has stated his concern about the directions and focus 
of this Forum. Since the Food and Drug Administration put up the money 
for it, I think it might be of interest to you to have some idea of 
where we think we are going in this meeting. 

We are here to listen, and we are here to learn. We could have 
called for papers, and we could have impressed you with a gigantic 
stack of p apers on these subj ects. We could have our own people review 
the literature and come to our own conclusions. But one of the things 
that we are trying to do in a forum such as this is to listen and to 
hear what other people ' s  views are on societal issues facing our 
country, that is, the use of sweets, the use of traditional sweeteners, 
and the changing dietary patterns within this area . 

4 5  
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Some o f  the considerations and discussions heard in the Bureau of 
Foods these days are embodied in the following list of fifteen issues : 

1 .  I s  there competent and reliable evidence that sugar is a cause 
of, or associated with, any disease (s) ? Which disease (s) ? 

2 .  I s  the evidence of association with disease sufficient to render 
some form of disclosure of the presence of sugar necessary or reason
able to prevent deception or unfairness to consumers? I f  so, what 
facts should be disclosed? Specifically, is a disclosure of the per
centage of sugar necessary or reasonable? 

3 .  I s  there competent and reliable evidence associating dental 
caries with sugar -containing foods that are eaten between meals? Does 
any such evidence relate only to foods containing added sugar or also 
to ones with natural sugar or a combination of added and natural sugars? 

4 .  I s  there a percentage of natural or added sugar content below 
which there is no significant correlation with disease production, in
cluding caries? I f  so, what is that percentage for solids? For 
liquids? 

5 .  What is the basis for determining the sugar content in l iquid 
and non l iquid foods (e. g. ,  weight/weight for nonliquid foods, weight/ 
volume for liquid foods) ? 

6 .  Does the relationship between the ingestion of sugar (added or 
natural ) and the production of caries warrant, in lieu of or in addi
tion to a disclosure of sugar content, a disclosure to the effect that 
eating frequently between meals may cause tooth decay? For what types 
of foods should such a disc l osure be required? 

7 .  Are there any additional or alternative disclosures concerning 
sugar or tooth decay that should be required? Why? 

8 .  Should any disclosure of sugar content be limited to added sugar , 
or should it also inc lude natural sugar? 

9 .  Should any disclosure of sugar content be limited to any partic 
ular type of sugar ( added or natural) ? Should it include sorbitol, 
mannitol, or other hexitols? 

1 0 .  Does a higher consumption of sugar in the diet result in a de 
crease in the intake of other foods that provide essential nutrients, 
thereby reducing the recommended or desirable level of nutrients in the 
daily diet? 

1 1 .  To what extent are the food consumption patterns of people 
formed by the foods they eat during childhood? What other factors 
affect childhood food consumption patterns? 

1 2 . What are the consumption patterns of ch il dren in relation to 
foods containing added sugar ? Which foods containing added sugar are 
usual l y  eaten as snack items between meals as opposed to being eaten at 
mea l s  with other foods? Which such foods are eaten between meals more 
than occasionally by many children, and which ones are consumed slowly, 
e. g. , by slow sipping or sucking, rather than quickly? From the stand 
point of caries, what will be the difference between the consumption of 
a food containing added sugar eaten as the only item at mealtime and 
the same food eaten between meals? 
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1 3 .  Are there any foods with added sugar that are eaten by many 
children as the only item at breakfast, lunch, or dinner? Do any such 
foods contain added and/or natural sugars? 

1 4 . What competent and reliable evidence, if any, is there associ
ating tooth decay with between-meal consumption of foods that do not 
contain any added or natural sugar ?  

1 5 .  With respect t o  the production of caries : What weight and 
m 1n1mum values shou ld be assigned to the following variables in identi
fying foods that should be subject to some form of regulatory action : 
frequency, time, and duration of likely consumption ; the effect of 
other ingredients in the food on inhibiting dental decay ; the form of 
food, including its adhesiveness ; and the amount of sugar or other 
sweeteners in the food? What other criteria should be applied? 

These are the issues that we see with sweeteners. The first one we 
share in common with the Federal Trade Commission. Whether we are 
talking about advertising or about food in relation to sweetness and to 
sweeteners, it is concerned with what Dr . Warren posed . Is there com 
petent and reliable evidence that sugar is a cause of, or associated 
with, any disease or diseases; if so, which diseases? 

That is our focus on the meeting today. We are here to listen and 
to see if any new thoughts are developed along these lines. I s  there 
any evidence that the component of traditional sweeteners in the 
American diet is having a detrimental health effect on the American 
consumer? I f  this is the case with the traditional sweeteners, can 
this effect be quantified in terms of level s? I f  adverse heal th 
effects can be attr i buted to t raditional sweeteners, are these effects 
expressed in forms other than obesity and cariogenesis? Should cario
genesis and obesity that m ight resu lt from the use of traditional 
sweeteners be controlled by regu l ation or education ? Shou ld sweetened 
foods be offered in such a way as to dilute important nutrit ional com 
ponents of the diet? Should FDA designate a category of fun foods, 
saving from super- sweetening the basic nutrient components of the diet? 

Those are the kinds of questions that we are thinking about, and 
those are the kinds of things we will be listening for today to find 
out what ultimately might be our so lut i ons to some of these problems. 
We don ' t  expect decisions from this meeting ; we don ' t  expect c l ear so
lutions from it . But with the transcript of t his meeting plus the 
other i nformation that is before us , we hope to come to some decisions 
about what the role of sweeteners will be in the American diet, and 
what FDA ' s  role should be . 

In terms of artificial sweeteners , there are other questions :  Can 
sacchar in continue to be safe l y  used whi le the addit ional studies sug 
gested by the Academy are commissioned? Should FDA scrap the term 
artificial sweeteneP in favor of nutPi tive/nonnutPitive sweeteneP 
designations? I s  there any rat iona l reason for mixing nutritive and 
nonnutritive sweeteners? Shou ld nonnutritive sweeteners be l imited to 
special dietary foods? Would there be any added real rather than 
potential risks to the consumer if nonnut rit ive sweeteners or 
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nontraditional sweeteners totally replaced tradit ional sweeteners? 
Considering the potential for abuse with any food additive not incor 
porated in a food product, can FDA approve any type of free-flowing 
tabletop sweetener? 

Those are the kinds of things that we will be listening for in the 
rest of the meeting. We are here to interact. We are here to listen 
and to learn, but we are not here to direct the discussion. We are 
here to listen to the real views and opinions of the experts and the 
public component at this meeting. 

DI SCUSSI ON 

CHOATE : I would like to ask Dr. Beidler if he can briefly explain the 
change in t aste bud pat terns that occur in the youngest children ? 

BE I DLER : There is a l o ss of taste buds in the middle of the tongue. 
However , when we l ooked at the same individuals over a period of 
fifteen years , we find that t here is no net loss , for as t he tongue 
grows , the taste buds in the center of the tongue are merely going 
out to t he sides. 

CHOATE : Are there sweetness tast e buds in the side of an infant ' s  
cheek? 

BE I DLE R :  There are taste buds distributed quite widel y t hroughout the 
oral cavit y in an infant, and many of these get lost. 

CHOATE : At what age, roughl y, do t hey disappear ? 

BE I DLER : Well, I think during their first t wo or three years most of 
t hem disappear . For some of them, such as t hose on t he palate and 
the pharynx, it may be a l i t t l e  later than t hat. When you call them 
sweet taste buds , keep in mind that actua lly they respond to many 
things . 

CHOATE : Thank you . Sidney Cantor, in some of the curves on sweetener 
consumption, you showed a peaking t hat occurred between , I guess it 
was , the tenth and t he twentieth year . That was a 1 965 analysi s ,  I 
believe . Do we know that that peak i ng has occurred over , say , the 
last century in that part icu lar age group , or i s  that a new phenom 
enon ? 

CANTOR :  I don ' t  t h ink t hat we know whether or not it i s  a new phenom 
enon. First of all, you must recognize that human consumption data 
are rare, although Dr . Stare was talking about some l imit ed samples 
in the work session yesterday . What the Agricu l tural Research 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


4 9  

Serv ice did in this part icu lar case  was to pick  one day in the 
spring of 1 965 and go out and co l l ect a lot of informat ion on food 
recal l ,  taking enough of a sampl e to be ab l e  to est imate these fig 
ures on an age bas i s .  They us ed bar charts .  What I did was t o  draw 
a profi l e  curve through the bar chart s ,  because I thought that the 
mes sage would  get across better that way . 

There i s  a very interest ing point about this informat ion . Whi l e  
1t was co l l ected on one day i n  the spring of  1 965 , the ev idence , the 
ana l ys i s ,  the ana l yt ical data didn ' t  come out unt i l  1 97 2 . The 
reason was not that they were withholding it , but that it turned out 
to be so difficu l t  to ana l yz e .  I n  effect what they did was to  de
velop a who l e  new method of  analys i s  of informat ion of this kind , 
and init iate a data bank that could  be used as a re search too l . 
That i s  j ust  beg inning . I think we are start ing to l earn about the 
methodo logy that wi l l  enabl e  us to answer the k inds of quest ions you 
are asking . 

CHOATE : Wou ld  i t  then be safe to say that s ince World War I I  - - u s ing 
that as  the div iding l ine - - we don ' t  have accurate data as to the 
amount of sweetnes s  consumed by the young post-World War I I  versus 
pre-World  War I I ?  

CANTOR :  I don ' t  know that w e  do . 

CHOATE : Which get s me to Mr . Ronk . I recent l y  have had an opportunity 
to read some of  the We ight Wat chers ' l iterature , and I am fascinat ed 
by the regimen and the recommendat ions of that group , which seem to 
be almo st tota l l y  the reverse of what t e l ev i s ion t e l l s  chi ldren 
about food . You were talking , Mr .  Ron k ,  about the quest ions that 
came to FDA ' s  mind in the regu l at ions that they might cons ider about 
sweeteners . I wou ld po int out to you the mes sy int eragency area of 
whether FDA should not so l abel  foods heav i l y  touted to the young 
that the FTC and the FCC then would  have j ust ificat ion for putt ing 
spec ia l warn ing mes sages on such foods ,  part icu l ar l y  when they are 
sold to a moderate TV- watching chi l d  1 4 , 000 t imes a year . 

RONK : As  soon as FDA dec ides that it has a ro l e  in nutrit iona l educa
t ion , which you know to be of rather recent v intage if you are an 
FDA watcher , whatever it does w i l l  have to be nutrit iona l l y  sound 
and make good nutrit iona l sense . To say that there i s  some s igni fi 
cant health  disab i l it y  to the eat ing of sweeteners i s  comp l et e l y  
d i fferent from j ust say ing that prudence and good common sense wi l l  
te l l  us that we shou ld l im it the amount o f  sweet eners in our d i et . 

So from the standpo int of warning labe l ing , you can see it is  a 
comp l etely  di fferent s i tuat ion than if FDA wou ld say that the con
sumer has a right to know what the percentage of sugar in the prod
uct i s .  I f  we did that , of cours e ,  then the Federa l Trade Comm i s 
s ion wou ld s a y ,  " I s  there some compe l l ing reason that t h e  consumer 
i s  being deceived by this  advert is ing or are they being condit ioned , 
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l et us say ,  to sel ect a food for some nonfactua l reason?"  So their  
approach to advert i s ing wou l d  be a l it t l e  b it d ifferent than our 
approach to l abe l ing , but they have made the po int that we wou ld 
have to define for them in some quant ifiab l e  t erms what we mean by 
the d i sab i l ities  of  sweet eners . 

CHOATE : What I am try ing to rai se  before this audi ence and w i l l try to 
reemphas i z e  th i s  afternoon as we distribute a bri ef paper on the 
point ( see Appendix) is  that , s ince World War I I , the adu l t  corpo 
rate executive has been ab l e  to se l l  direct l y  to the e i ght-year- o l d  
chi l d  without t h e  parent hav ing any opportunity to  mit igate o r  
change t h e  message . I think thi s  brings a new and as yet unrecog 
n iz ed respon s ib i l ity to t h e  Food and Drug Adm inistrat ion , t h e  Feder
al  Trade Comm is s ion , and the Federal Communications Comm i s s ion ,  as 
we l l  as to pr ivate sponsors and advert i s ers : name l y ,  s ince adu l t s  
are sel l ing to an eight - year-old  ch i l d ,  they have a part icular re 
spon s ib i l ity to inc lude in the label  and in the advert isement of a 
product such informat ion as wi l l  improve that young recipient ' s  
knowl edge of how properly  to use t hat product .  As yet , and I say 
this  with great regret , the FDA ,  the FTC , and the FCC are unaware 
that they have speci a l  respons ibi l it ies to the young chi ld in this  
era when adu l t s  can sel l direct ly  to  the  ch i l d . 

RONK : We are not unaware of our respons ibi l it i e s . P art of  the reason 
we are support ing this Forum is to try to get other peop l e ' s  points 
o f  v iew about pub l ic pol icy matt ers . 

Thi s  get s  down to quest ions  of free wi l l  and free choice . Cer
tainly,  my ch i ldren don ' t  have independent sources of income so that 
they go out and buy the grocer ies in my hous e .  I am sure that they 
influence me as to whether or not they have a candy bar or buy some 
sugared cereal foods . There is  no quest ion but that there is a com
ponent of that in fluence . But it  is a further quest ion of how much 
and how v igorous should the federal government , us ing the powers 
that it has , regu l at e  the l ives of consumers and cho ices that they 
make in the marketp lace . That is an undercurrent of this particu l ar 
meet ing , and i t  is certa in l y  one of the things that has to be ful ly 
expo sed . 

CANTOR : Without seek ing to counter your remarks about t e l ev i s ion ad
vert i s ing directed at chi l dren , Mr . Choat e ,  there i s  a po int that 
needs to  be emphas i z ed .  This is  what we might cal l the t e l ev i s ion 
equiva l ent of introduc ing sweetnes s to infant s .  We heard Dr . Beid l er 
talk  about the fetus in the ut erus and i t s  sensit ivity to  sweetne s s . 
A chi l d ' s  first taste i s  apparent l y  a sweet tast e ,  and that i s  
accompan ied b y  al l sort s o f  p l easant sensat ions - - warmth and loving 
care , being held - - a l l assoc i ated with sweetnes s .  Thi s is rein
forced probab ly  three or four t imes a day for the first few years of 
that chi ld ' s  l ife .  When ch i l dren fina l l y  arrive at being ab l e  to 
understand and watch t e l ev i s ion , they are rather thoroughl y  cond i 
t ioned to sweetnes s and sweet eners . 
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I n  addit ion to  that , i f  you want further ev idence , examine the 
who l e  range of language and associat ions of words and ideas with the 
words sweet ,  honey , sweetheart , dear , sugar , and so on . There i sn ' t  
a bad a s sociat ion with these words in any l anguage that I have found , 
and that goes back to  the l and of m i l k  and honey or manna from 
heav en .  Maybe that i s  old- fashioned t e l ev i s ion . 

CHOATE : I think you started to prove that the reason men l ike women ' s  
breasts  i s  because of the sugar . 

CANTOR : I am reminded of  Dr . Sveda ' s  ear l i er remark about food and 
sex .  A few years ago an Eng l ish lady wrot e a book ent it l ed Consuming 
Passions . I t  wa s real l y  a deta i l ed descript ion of the deve lopment 
of the Eng l ish food system in t erms of it s relat ionship to sexual 
pract ices , among other pass ions , but the t it l e ,  I thought , was very 
reveal ing . 

STUMP F : I have two quest ions , and your comment about the land of  m i l k  
and honey and manna from heaven reminds m e  that I once heard of a 
re l ig ious man who said that l ife wou ld not be worth l iving if he 
cou ldn ' t  bel ieve in He l l . I never knew , real l y ,  what he had in mind 
except that , when it is tran s l at ed to meet ings of this kind , there 
are tho s e  who are not very happy un l ess  they can s ee some t err ibl e 
prob l ems .  

I a l so was reminded o f  that part icul ar fact the other day when 
NBC , finding that there was no real news and no addit iona l new prob 
l ems in our soc i ety , did someth ing that I ,  as a surviving co l l ege 
pres ident from those anarchic days , was not too happy about -- they 
reran several of those  pictures of  student s storming bui ldings j ust 
to s ee what it was l ike . Some o f  us would j ust as  soon forget those 
t imes . 

There are those who , when they come to nutri t ion ,  it seems to  me , 
a l so want to discover the mo st horrendous k inds of  comp l icat ions for 
the hea l th of our soc iety . Hav ing that in mind , I would  l ike to ask 
this as  my first que st ion . What is there about sugars and sweeteners 
that is  real l y  good for man , forgett ing patho logy for the moment ? 
What are the pos it ive aspects to the pres ence in our d i et of sweet 
eners and sugars? 

RONK : That i s  why I asked in one of my cat egories i f  FDA shou ld des ig 
nate a category for fun foods . Sugar i s  fun . You know , it is  
strict l y  p leasure . 

STUMPF : We l l ,  I would have thought that there might have been another 
kind of answer as , for exampl e ,  that sugar may be a very good source 
of energy . 

CHOATE : I think one of  the plus es in sugar - - and I am quot ing 
Fred Stare for the f irst t ime in f ive years - - i s  that sugar beet s 
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an d  sugarcane produce more calories  per acre than almost any other 
crop in the world . So when we are in a situat ion where calories are 
desperate l y  needed , that is a just ificat ion for growing sugar . 

STUMPF : The mot ive behind my first quest ion i s  to t ry to provide some 
of the material  for a ca l culus that we are going to have to achieve 
later on . The cal cu lus , of cours e ,  is the centra l concern here , 
name l y ,  the one of  r i s k  versus benefit . We ought to have some idea 
of what the benefit is before we go over into the risk . But I would 
l ike to go now to the quest ion of risk  and ask my second quest ion . 

In order to make the quest ion a mean ingfu l  one ,  I want to d i s 
t ingu i sh three different l eve l s  of treatment of  t h e  information 
about nutri t ion , sugar , or sweet eners as we try to come to  the po int 
of an appreciat ion or evaluat ion of the risk , if there is any in
vo lved here . 

There i s ,  of  course , the publ ic ' s  l evel of knowl edg e ,  bas ed upon 
whatever source of informat ion we have as l aymen with respect to any 
food,  but now part icu l ar l y  with respect to sugar and the var ious 
subst itutes for sugar , the so- cal l ed sweeteners . But how accurate 
is the pub l ic ' s percept ion of what is  invol ved in the consumpt ion of 
these thing s ?  Is it accurate ,  and what has formed the pub l ic ' s  
ideas about this ? 

There i s  a s econd l evel  of d i scourse that is d i fferent from the 
pub l i c ' s ,  but the pub l ic is  affected by it to some ext ent . That i s  
t h e  d i scus s ion that goes o n  within t h e  scient ific  communi t y .  As I 
have been l isten ing to and reading the s c i ent ific discourse on the 
quest ion of  sugar and sweeteners ,  I cannot help but feel that at two 
po int s there is cons iderab l e  disagreement and debate .  

There i s  d i sagreement about the patho l og ical consequences  of the 
use of sugars . We have heard thi s  morn ing from Dr .  Warren the 
not ion that , if you are to l ist  the d i seases that are as sumed to be 
the consequences of the consumpt ion of sugar , you wou ld have to l ist  
obesity,  dental  caries , diabetes , and heart d i s ease . But what came 
out , and what seems to be cl ear in the l it erature , is that in every 
po int there i s  cons iderab l e  debat e as to whether or not there i s  a 
causal re l at ionship between the consumpt ion of sugar and these par 
t icul ar med ical consequences . I t  s eems to be not that deci s ive . 
Dr . Warren a lmost went out of h is way to make i t  c l ear to us that 
there is a debate at each one of these part icu l ar po int s .  

So , there are two l evel s  now . There i s  the publ ic ' s  percept ion , 
and then there i s  the area of high l y  skil l ed special i z ed phys ician s ,  
among whom there i s  rather s erious disagreement as t o  whether sugar 
causes these four di seases . 

The impl icat ion is that because  there i s  this  pos sib l e  correl at ion 
or pos s ib l e  causal re l at ion , then that helps to explain the reason 
for the shift from sugars to the subst itutes or the so -cal l ed non 
caloric sweeteners . There the prob l em was that you created a new 
r i s k ,  which is  to say t hat these are suspected of being carcinogenic . 
Here a l so ,  Dr . Warren said and the l it erature confirms , there i sn ' t  
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that k ind of c l ear evidence that these are carcinogenic , and cer
tain l y  it opens up that who l e  quest ion of the amount s and ways of 
ingest ion by human beings compared to animal s .  At any rate , these 
two l eve l s  are controversial . They are not at all  c l ear cut , name l y ,  
that sugar causes d i s eases or , for that matter ,  that i t s  subst itutes , 
the sweeteners , are carc inogenic . 

There i s  now, then ,  a third pos s ib l e  l evel  of  knowl edge that 
fina l l y  l eads me to my quest ion .  Beyond the publ i c ' s  percept ion , 
beyond that area of controvers ial debate ,  i s  there a body of c l ear , 
confirmed data or informat ion about certain uses o f  either sugar or 
i t s  subst itutes  that c l early const itutes a risk  for man? To put i t  
even more sharp l y ,  is  there for the u s e  of sugar and sweet eners any 
analogy with respect to hard data comparab l e  to what we think we 
know about c i garettes and the consequences of the smoking of ciga
rettes?  That is  my question on the risk s ide . Is there a cl ear , 
unambiguous prob l em ,  apart from thes e other two l eve l s ?  

CHOATE : I think there i s . We have said i t  several t imes this morning , 
and I am interested to hear it somewhat diss ipated or di luted as we 
summari z e  what we have tal ked about . I hope this aft ernoon we can 
rea l l y  bring out what i s  the predominance of evidence that sugar 
does cause cav i t i e s  in chi l dren . I th ink that this  is an abso lute 
proven fact under certain condit ions , and that it shou ld not now be 
dismissed as being one of the unproven . 

There i s  another area of lack of  knowl edge that I would  offer for 
the cav ity argument . Do you real i z e  that there i s  nobody in the 
Uni t ed States who can tel l you how much sugar you are consuming per 
day? We can say how much sugar is produced , and how much 2 1 0  mi l l ion 
peopl e  consume of that pi l e ,  but we rea l l y  cannot say how much sugar 
you yourse l f  consume . Why can ' t we? Thi s  is part icular l y  re l evant 
for chi ldren with their lower weight . 

I t  i s  a fact that neither the Food and Drug Adm ini strat ion , nor 
any other body of government , has been ab l e  to persuade the manufac 
turers of  prepared foods to give us the sugar content of their foods . 
We have constant l y  sought this  data in beha l f  of various ch i l d  
groups i n  the United States , and w e  cannot find any manufacturer of 
foods who wi l l  instant l y  reveal the amount of  sugar in their prod
uct s .  I would po int out that back in 1 9 7 2 , in respons e  to direct 
quest i oning , the Quaker Oats Company and Genera l Mi l l s  did acknow l 
edge the percentage of  sugars i n  certain o f  their cerea l s . Genera l 
Mi l l s ,  Ra l ston Pur ina , Kel logg , and a number of other manufacturers 
of food products for chi l dren would not reveal it , and I bel ieve 
that i s  st i l l  the same state today . 

RONK : I wou ld l ike to ask Mr .  S tumpf a quest ion in t erms of risk . You 
seem to have a certain priority of risk . Whi l e  you were ta l king the 
word Zethal kept coming into my mind , accompan i ed by the thought 
that you wanted to see a body count before you wou ld  say there was a 
prob l em .  I s  that a fa ir stat ement ? 
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STUMP F : No . I was bui l d ing on the fol l ow ing k inds of informat ion that 
had emerged from the d i scus s ion . There was the pos s ib i l ity  that i f  
you eat sugars , you wou ld become obes e ;  i f  you become obese ,  you are 
a candidat e for heart d i s ease . Medical l iterature is not go ing in 
that direct ion ; authorit ies on the subj ect are argu ing that there i s  
no necessary causa l  re lat ionsh ip between obesity  and heart d i s eas e .  

Even more spec i fical ly , a re l evant five- year study has j u st been 
conc luded - - and I get this  informat ion by word of mouth from 
Dr . George Mann of the Vanderb i l t  Medica l Schoo l , who i s  very much 
invo lved in this . As I understand it , the who l e  po int of  this  par
t icul ar five- year program was to try , by the use  of certain drugs , 
to reduce the cho l esterol l evel in man with the not ion that thereby 
you wou ld have the effect of prevent ing heart di sease and heart 
attacks . At a recent meet ing , the announcement was made of the re
sul t s  of that experiment with the rather sad conc lus ion t hat the 
drugs did ,  indeed , reduce the cho l esterol l eve l s ,  but in no way had 
any e ffect upon the inc idence of heart d i s eas e .  

What the who l e  upshot o f  that i s  to  say that you don ' t  have 
here - - and certa in l y  Dr . Warren made that point very c l ear - - a 
caus al relat ionship between the use of sugar and that part icu l ar 
disease . I certain ly  don ' t  want to have a body count in the grue
some sense in wh ich you ment ion it , but I do think it wou ld be nice  
to have some s l ides on it . 

RONK : I t h ink you make a good point , but I gue ss we were hear ing dif
ferent data thi s  morn ing . I thought that I heard Dr . Warren say 
that in h i s  op1n 1on a causal re lat ion ship with cavit ies was a rea l 
pos sibi l i ty . 

STUMP F : You have shift ed now from obes ity to cavit ies . 

RONK : You were saying that there i s  no need for concern . You have a 
l it t l e  d i fficu l ty here in finding out why anybody is  concerned at 
a l l about e i ther art ificial  sweet eners or the tradit iona l sweetener s . 

STUMP F : I don ' t  think I put it that way .  I think i t  i s  a fair ques
t ion .  I t  i s  fa ir to require that you g ive us a b i l l  of part icu l ar s  
of what i s  wrong . 

W .  H .  BOWEN , Nat iona l Caries Program , N I H :  I think it  wou ld  b e  rem i s s  
of m e  i f  I were to l et the idea g o  that dental  caries and t h e  asso
c iat ion with sugar wa s st i l l  in  the rea lm of controversy . There i s  
now an overwhe lm ing abundance o f  ev idence from experiments  carr i ed 
out in an ima l s  (both rodent s  and pr imates) , epidemio l ogical studies  
in humans ,  and kindred other bodies  of ev idence that proves quite  
conc lus ive l y ,  and i s  no  l onger a matter for d i scus s ion , that the 
devel opment of caries  and ingest ion of sugar are c losely  associat ed . 
I don ' t  want to e l aborat e any more at this  stage other than to t e l l 
Mr . Choate that the informat ion on l evel s of  sugar in cerea l s  i s  now 
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read i l y  ava i l ab l e  and appeared in the Journa l of Dentistry for 
Chitdren in an art i c l e  by Dr . Shannon some months ago . 

CHOATE : Chi ldren don ' t read that pub l icat ion . 
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WARREN : I wou ld l ike to agree . I think the dental  caries  cas e i s  
rea l l y  wel l  bas ed , even though there are debates about mechan i sm and 
things l ike thi s ,  but the bas ic  fact stands . There i s  no quest ion 
that if you eat enough sugar , you can get fat . I don ' t  think that 
is a debatabl e  i s sue . I t s  re l at ive pos i t ion as a causat ive factor 
among the fat peop l e  of the United States is a l it t l e  more quest ion
abl e .  

The other two items - - on the ro l e  o f  sugar in d iabetes , the 
studies  that you heard about that I think are s i gn i ficant , and the 
ro l e  in coronary heart d i s ease - - are so controver s ial that I am in 
c l ined to put them on the negat ive s ide at the moment . 

I am trying to  figure out ,  Mr .  Choate , what k ind of  a l abel ing 
you would  fee l wou ld  be effect ive and useful . Every morn ing I read 
"Peanut s , "  and when I l ook at these nondairy coffee whiteners , I 
have the same reaction as Char l i e  Brown - - i t  i s  j ust fi l l ed with 
ingredient s .  I suspect that a detai l ed l i st of ingredi ent s on a 
label would bring some react ion l ike that . On the other hand , wou ld 
you propos e  putt ing something , l ike on a cigarette package , that 
"Th i s  candy bar may be hazardous to your hea l th" or "damaging to 
your teeth" ? Just what d irect ions do you think shou ld be  the ones 
in which we cou l d  go? 

CHOATE : I doubt that we can regul at e  the content of sugars or sweet
eners in the food supp l y .  I do think , however , that there i s  suffi 
c i ent concern over chi l dren ' s  t eeth so that , i f  the American parent 
knows the magnitude of sugar in a product on the market , he or she 
then may start to exerc i se cert a in j udgment s right in the home about 
what that chil d  shal l have on the breakfast tab l e .  

Mr . Ronk suggested that chi l dren don ' t  buy . But a s  the Cerea l 
Inst itute can t e l l you , chi l dren do buy . I n  fact , something in 
exce ss  of 70 percent of the dry breakfas t cereal s are cho sen by 
chi l dren . I sn ' t  that tru e ,  Mr . Hayden? 

EUGENE HAYDEN , Cereal Inst itut e : I don ' t  th ink I can respond factual l y  
to that comment . The stat ement that t h e  Inst itut e makes , which i s  a 
factual one ,  i s  that about 3 0  percent of the total volume of ready
to- eat cereal s  so ld in the United Stat es are pre sweet ened produc t s ; 
the other 7 0  percent of the products that are consumed are not pre
swee t ened . 
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THE QUESTIONS OF BENEF ITS AND R ISKS 

Herman F .  Krayb i l l  

A great part o f  thi s  appraisal  o f  the benefi t s  and risks  re l ated t o  the 
use of sugar wi l l  consi s t  of data s e l ected from a wide range of sources , 
around which I hope to weave a narrative that wi l l  present a balanced 
account . It is my opinion that as b i omed i ca l  scient i s t s  we have become 
far too engros sed with the r i sk s ide of our observat ions and cons idera
t i ons . Therefore , I would l ike to begin with the reward features from 
the ingestion of sucrose , as out l ined in Tab l e  1 .  

Tab l e  2 detai l s  the various species  that respond to sweet sensat i on , 
point ing to exceptions and responders . 

As to the economics of sweet s  (Tab l e  3) , poorer fami l ies apparent ly 
use twice as much sucrose per person as higher income groups . The 
higher income groups supposed l y  get the ir sucrose more in the form of 
des sert s and prepared types of foods , rather than sucrose per se . 

In the Midd l e  Ages , sugar was a very cost l y  item ,  and i t  took about 
a week ' s  salary to purchase a pound of sugar ; and that i s  why it  appar
ent ly  was not used . Then the techno l ogy of the 1 800s advanced so much 
that sucrose presumab l y  became cheaper and more widespread . One cou ld 
debate that pattern as of 1 974 and 1975 . But it  i s  c l ear that , as the 
standard of l iv ing increased , more sucrose became ava i l ab l e . 

The next data document world and U . S .  consumption and production of 
sugar . Tab l e  4 l i sts  product ion in tons of both cane sugar and beet 
sugar and shows the gradual rise that occurred from 1 958 to 1 97 3 . 
Tab l e  5 t rans lates sugar consumpt ion of the United States into pounds 
per person per year for a 2 5 - year period . As members of the Forum said 
thi s  morn ing , one has to keep in mind al l types of sugar , so thi s  would 
modi fy these figures perhaps a l it t l e . Tab l e  6 shows the relat ive pro
duction of various countries . The United States moves from fifth to 
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fourth rank , but the production of Hawai i is inc luded in its total ton 
production .  

Re lative price l i st ings of sugar (Tab l e  7 )  go on l y  up to 1972 . How
ever , i t  wi l l  come as a surprise  to no one that there has been a mete
oric  rise  in the price of sugar s ince that t ime . 

Tab l e  8 i s  a review of the general benefit s  of absorbab l e  sugars as  
I wou ld see  i t . We do increase the gross  nat ional product one way or 
the other . The sugar industry i s  an important one , parti cu l ar l y  in 
Hawai i and section s  of the South . I t  provides emp loyment . There i s  a 
reward feature . A lthough i t  does provide qui ck energy , that can be 
either good or bad , depending on what s i tuation you are describing . 
Sucrose ranks rather high in caloric  density  compared to the other 
types of sugars . It used to offer l ow-cost energy,  but I think that 
current prices might inval idate that . There is some question as to 
whether it is indeed an appetite s t imu l ator . I t  aids the preparat ion 
of certain foods in certain ways . 

I t  i s  we l l  to take a look at some of  the al ternatives to sucrose 
(Tab l e  9 )  and the pos s ib l e  benefits of sucrose subst i tutes (Tab l e  1 0) . 

In  regard to appetite s t imul at i on ,  it  has been shown in animal experi 
ments that saccharin i s  as good a stimulator as sucrose  or g lucose . In  
wei ght contro l , the  total  caloric  value of the diet i s  important . As 
i t  was pointed out ear l i er ,  the fact that you take saccharin does not 
necessari l y  mean you are going to lose weight or control obe s it y . The 
person who thinks he i s  gett ing around the prob l em of obesity by u s ing 
saccharin or cyc l amate and cont inues to eat p i e , cake , ice cream , and 
everything e l se ,  wi l l  sti l l  put on wei ght . I t  i s  total calories , I 
think , that i s  the important prob l em .  

I would l ike to detai l some o f  the effects a s  to the ro l e  of sucrose 
in the diet that I have g l eaned from the l iterature over the l ast coup l e  
o f  years . There was an interesting study done at General Foods l abora
tories in which sucrose and starch were fed in comb inat ion with chromium 
or alone with chromium . Thi s  imp inges on the work that Schroeder d id 
ear l ier .  Chromium i s  a trace meta l , and the work that Dr . Mert z i s  
doing at Be l t sv i l le has shown that chromium perhaps i s  t i ed up with 
insul in as a g lucose t o lerance factor . In reviewing Tab l e  1 1 ,  it  i s  
quite marked what effect the chromium has . Indeed , sucrose increases 
the serum cho l estero l l eve l s  as compared to starch or chromium a l one . 

There are a l so some studies that were done by Roberts with soldiers 
in Antarctica in which the l eve l of sucrose was contro l led . Indeed , i t  
was brought almost t o  zero . An ana l ys i s  of trig l yceride l eve l s  (Tab l e  
1 2 )  shows apparent l y  that for those who had a high l eve l , the effect 
was marked . Thi s  threads through many of the observat ions that where 
you have high cho l e stero l or high trig l yceride l eve l s ,  when the sucrose 
i s  lowered markedl y  in the diet , you can affect the l eve l of the serum 
trig l yceride or the

. 
serum cho l estero l . 

Tab l e  1 3  shows the mean change in the cho l estero l l eve l s  during the 
sucrose - free period of the same 18 men in Antarctica , where the high 
cho l e stero l group showed a diminution , and with the low cho l e stero l 
group i t  did not have much effect . In other word s , for those of us  who 
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have normal l eve l s  of serum cho l e stero l or serum tri g l yceride , appar
ent l y  the e ffect wi l l  not be marked . But if  you have the high l eve l , 
then you may see an effect of lowering the sucrose in the diet . 
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In Tab l e  14  i s  some data from an epidemiological study by Kes s l er 
showing that there was a s ignificant l y  increased r i sk of death from 
pancreat ic cancer among diabetics . One may be tempted to conc lude that 
sucrose has a ro l e  in pancreatic carcinomas . Indeed , the incidence of 
pancreat ic carcinomas is on the r i se , along with others such as co l o 
recta l  and lung cancers .  To attribute thi s  al l to sucrose as the pre
cursor that is invo lved in hypergl ycemia or diabetes , and to say that 
thi s is necessar i l y  assoc i ated with pancreat ic  cancer , I do not know . 
That could  be a moot quest ion . Neverthe l e s s , the Kes s l er study would 
indicate that diabet ics are a popul at ion at higher risk insofar as pan
creatic  carcinomas are concerned . 

Tab l es 1 5  and 1 6  present data on the influence of the di etary carbo
hydrate on the age at death and cause of death in BHE and Wi star rat s . 
We see that longevity was different for those on sucrose than those 
that were maintained on a corn starch d iet or on a g lucose . There 
seemed to be a difference in the di sease incidence among these  part i cu
l ar �at s . The same study was carried out on Wistar rat s , another 
strain . 

In Tabl e  1 7  the effect of sucrose on g lucose tolerance in the rat i s  
shown . On e  cou l d  debate diet percentages and say that these values are 
very high , and some of these other stud ies  may refl ect thi s in the 
lesions , that i s , the effect on the k idney and other organ s . They did 
admini ster a rather severe insu l t . But the interesting thing to note 
here is that al though l eve l s  were high for starch and for sucrose , the 
effect on the g lucose l eve l s  in t ime in mi l l igram percent over 1 2 0  
minutes  was quite d ifferent . I t  l eads me to bel ieve thi s  dat a ,  with 
other dat a ,  of course , that starch behaves ent ire l y  di fferent l y .  I t  i s  
a pol ysaccharide ; i t  i s  not an absorbab l e  sugar ; it takes longer to 
hydro lyze , and therefore it  takes longer to exert i t s  effect metabo l i 
cal l y  after it  i s  absorbed . 

Data on the effect of d ietary carbohydrates on enzyme act ivities  i s  
presented in Tab l e  1 8 .  Thi s  g ives you a picture o f  what sucrose , glu
cose , and corn starch wi l l  do in terms of  certain enzyme systems , show
ing that sucrose apparent l y  magnifies  the effect , that it has an 
accelerat ing effect on certain l iver and b l ood enzymes when it i s  
administered to the rat s . Not al l en zyme systems , of course , respond , 
but some do more than others . 

Tabl e  1 9  revea l s  an old  story in 1 94 8  data by Sognnaes where he 
showed that a stock diet p lus a puri fied d iet gave you a certain car i 
ogenic score . I am j ust mere l y  amp l i fying the fact that a puri fied 
diet (a  semisynthetic  diet)  with sucrose in i t given during the preg 
nancy and l actat ion stage or pos t -erupt ive stage wi l l  produce a caries 
score of 4 8 . 

In many l aboratories  today , they e l ec t  not to use sucrose or at 
l east a very smal l percent in the diet , substitut ing in i t s  p l ace glu
cose or corn starch to get away from the sucrose effect . 
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Here i s  where we get into a controvers i a l  area on the subj ect of 
hypoglycemia . The medical community i s  divided , and so our nutri tion 
i s t s  and many other scient ists . Rachmiel  Lev ine , who i s  an eminent 
authority  in the area of carbohydrate metabo l i sm and d iabetes , said in 
a recent pub l ication of J. A . M. A . that organi c  hyperl ysenemia is rare , 
and I think most peop l e  agree to that ; but he a l so says that react ive 
or funct ional hypog l ycemia is rare . There are some c l ini c i ans  who wi l l  
take i s sue with that . Indeed , i f  hypoglycemia i s  a rea l i t y ,  as many 
peop l e  bel i eve , then what we are deal ing with i s  a lot of peop l e  who 
have aberrant carbohydrate metabo l i sm ,  and they cannot handl e  the l oad 
or the insu l t  from absorbab l e  sugars such as sucrose . There is a who l e  
array o f  symptoms pub l i shed by Phi l l ips and b y  Sal zer . One could name 
15 or 2 0  d ifferent c l inical  report s in thi s area . Phi l l ips was one 
reference that I chose . These are j ust some of the types of symptoms 
that a c l in i c i an report s for peop l e  who presumab l y  have hypogl ycemia 
(Tab l e  2 0) . 

Some c l in i c ians indicate that the l eve l s  that we norma l l y  cons ider 
as minimum at 50 mi l l igram percent of serum g lucose is the value be low 
which you start seeing symptoms . When you get down to about 30 or 25  
mi l l igram percent , then one could suspect organic  hyperinsul inemia , and 
one might think about l ooking for a pancreatic adenoma . Now they say 
that hea l thy non - obese ma l e s  may have a l eve l b e l ow 50 mi l l igram percent , 
and indeed a non -obese fema l e  may have a l evel  at 30 mi l l i gram percent 
without symptoms . 

The main point about thi s , to go a l ong with Dr . Levine , i s  that one 
not on l y  needs to do carefu l  observat ions on the g lucose tolerance test 
for that data , but also  to do an assay for insu l in and other hormones . 
The one thing to bring out i s  that you have to observe the symptoms 
after running a glucose tol erance test . I f  they exh ib i t  the symptoms 
and are character i s t i c  of thi s l ow l evel  of g lucose in the b l ood , which 
i s  cal l ed hyperinsu l inemia or hypoglycem i a ,  then one may be character
i zed as a hypog l ycemic . 

Thi s  i s  a question for which I do not know the answer : How many 
peop l e  in the Un ited States or in the wor ld have aberrant carbohydrate 
metabo l i sm ?  Some investigators c l aim that beyond the age of 5 0  i t s  
inc idence r i se s . I have heard figures quoted that it  i s  as high as 
4 0  percent among our adul t  popu l at ion . I f  that i s  so , then I think we 
have a prob l em here for serious cons iderat i on .  

I think then , as a toxicologist , one shou ld emphas i z e  metabo l i c over
l oading . There i s  a thresho ld  for a l l chemica l s .  Sa l t  thresho ld  i s  
3x , 1 5x for Vitamin A .  Thus , w e  can agree that one could produce a 
toxicos i s . 

I t  may be , as one of the pane l i sts said th is  morning , that we are 
on l y  seeing the t ip of the iceberg . It has been reported that a first 
generat ion of d i abet ics  among the Eskimo occurred when they become ac
quainted with the Canadi an and Ameri can diet . Because of his gene poo l , 
h i s  genet ic  makeup , an individual may l ack some coenzyme , maybe an 
enzyme system l ike g lucose 6 -phosphatase , or an insu l in chromium 
cofactor . 
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One may have an intrinsic  deficiency that shows up when exposed to 
a high insu l t  of absorbab l e  sugars . How much i s  that quant itat ive ly?  
Is  i t  2 percent sucrose , 5 percent , 1 0  percent ? How much can certain 
peop l e  take who have thi s  defici ent metabo l ic machinery? 

In Tab l e  2 1  I have summari z ed the r i sk factors of absorbab l e  sugars 
as I view them . 

The next two figures i l lustrate the associat ion of absorbabl e  sugars 
with a l l ergic man i festat i ons  and a hypog l ycemic state . Thi s  i s  j ust an 
anc i l l ary bit of informati on that I g leaned back in the 1 940s  when I 
was quite interested in a l l ergy studies . Arthur F .  Coca was considered 
the a l l ergy authority at that t ime , and that i s  not on the next s l ide . 
Some of h i s  find ings are shown in F i gure 1 .  

F i gure 2 report s observat ion s  by Phi l l ips  that when serum g lucose 
drops , and this is down b e l ow around SO or l ower , there occurs the 
appearance of severe nasal and GI a l l ergy , nose b lock , and cramps . Of 
course , as the serum g lucose rises , the symptoms di sappear . 

Thi s  refers back to the t ime Coca was u s ing accel erated pul se read 
ings to pick out certain food al lergens . He character i z ed sucrose as 
a food a l l ergen . I think he was observ ing , in Figure 1 ,  someone who 
had aberrant metabol ism as far as carbohydrates were concerned , and 
thi s  may fit in now with what Phi l l ips reported . 

How much sucrose or absorbab l e  sugar can we t o l erat e ?  How many of 
us  have abnormal carbohydrate metabol ism? Should there be systematic  
studies  done to e l i c i t  frank hypoglycemia , which they say i s  rare ? How 
rare i s  i t ?  How many peop l e  cannot tol erate the high load of absorba
b l e  sugar , in this case sucrose?  

There are a lot of peop l e  who perhaps can hand l e  a high sucrose load 
and get away with it . After hearing a talk that I recent l y  gave in 
Boston , a woman came up to say that she has been eat ing candy a l l  her 

100 

90 

Pulse reading 
and elevation 

2 3 

Diagnosis for food allergens 
using elevation of pulse rate 

• I • : • t ; l LEG i HEAD -i TIRED-:  FEELS i i NO 
1
1
DIZZINESS ! PAIN l ACHE ; NESS i BITTER i WELL iSYMPTOMS 
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F I GURE 1 Al l ergic man i fe s 
tat ions  - - sucrose . From 
Coca , A .  F . , Fami lial Non
reaginia Food A l lergy , 
p .  45 , C .  C .  Thomas Pub 
l i sher , Springfi e l d , I l l . , 
1 945 . 
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FASTING PATIENT X 
w 
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.... 
z 100 

I 
�� . w u a: ro'�' "'O'"/ w 80 0. �O�t-,' 

� q<c.." / < 60 .d' a: C) .- '  F I GURE 2 Hypogl ycemia in ... ... :::; 
40 a l l ergy . From Phi l l ips , ...J 

:i 0.5 1 2 3 4 5 6 Am. Praat.  Dig. Trea t . , 1 0 :  
HOURS ON GLUCOSE TOLERANCE TEST 9 7 1 - 7 7 . 

l i fe ,  and lots of i t . I congratul ated her on hav ing inheri t ed a good 
l iver , a good pancreas , a good p i tuitary ,  and a good adrenal  gl and . 

D ISCUSS I ON 

MICHAE L SVEDA : We are l ooking at things at the present t ime and as we 
are now . I would l ike to think back to how we may have been when we 
were developing e ither 2 0 0 , 000 years , or a hal f  a m i l l ion years ago , 
depending upon which anthropologist  you bel ieve or what re l ig ion you 
be l i eve . We became , in part , dependent on the food we had avai l 
ab le  at that t ime . I cannot bel i eve that we had a hundred pounds of  
sugar . avai l ab l e  then . Can th i s  t ip of the iceberg be cover ing up an 
awfu l  lot of evo lut ionary happenings that have taken p l ace? That i s  
m y  first point . 

For the sake of a l l the known scient ists  in thi s aud i ence , I would 
l ike to make a comment on the obj ect i on I have on a lot of things 
invo lving cyc l amates : depending on who picks the pane l i st s , what 
their biases are , what the b iases of the s e l ector are , we can get a 
yes or no answer on a lmost any scient i fic question .  P lus the fact 
that with al l of these things apparent l y  wrong with sucrose , nobody 
has ever proved anyth ing against cyc l amates , yet they are off the 
market .  

KRAYB I LL :  There i s  a statement made that i f  you want to prove a point , 
you p ick a committee that i s  going to s ide with you ; i f  you want to  
go  to a l aboratory and get  a certain resu l t , you s imp l y  descr ibe what 
k ind of resu l t  you want . 

SVEDA : I thank you , Dr . Krayb i l l .  

KRAYB I LL :  Yes , we l l  that i s  a l i t t l e  facet i ous . But gett ing back to 
the first point . From what I have read in the l iterature , obv ious l y  
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our ancestors did not have sucrose acce s s ib l e . They l ived l arge l y  
b y  foraging on fish , meat , and berri es . They may have gotten carbo
hydrates and sweetness  from the berries . I t  was not unt i l  the 
e i ghteenth century, in George Washington ' s  t ime , that the intake per 
day was roughl y  around 15 grams per person , which is not l arge . Now 
we have gone up to about 100 grams as an average , and those who are 
g lutton s  may go to 250  or 300 grams a day . The question i s ,  d id our 
ancestors get a l ong wel l  phys iologica l l y  and nutrit ional ly? Chances 
are they did . They probab l y  d i ed of other d i seases , but certain l y  
a s  far as sucrose i s  concerned for energy , they had p l enty of energy 
sources . 

KASHA : I would l ike to ask Dr . Kraybi l l  a question . Your Tabl e  2 0  
c i ted a l ong l ist  of mal adies  that many peop l e  may fee l . I d o  not 
know whether suic idal tendencies are common , but headaches ,  d i z z i 
ness , other things are . I s  there a specific test i n  the medical  
profe s sion for hypoglycemia for peop l e  who do not suspect an aber
rant carbohydrate metabo l i sm?  

KRAYBI LL :  The test i s  one for g lucose tol erance . But as Levine pointed 
out , you have to run insu l in l evel s  and other hormone l eve l s ,  and 
then you have to look at the symptoms of the pat ient after he hand l e s  
thi s  heavy load of sucrose o r  glucose . 

That l i st  revi ews the observat ions  by various c l inician s  about 
their pat i ent s .  In regard to the one on sui c idal intent , there i s  
an anecdote about a pati ent who came into Wal ter Reed because o f  a 
sui c idal tendency . After a very extens ive examinat ion , i t  was de
c ided to check her carbohydrate metabol i sm . They did thi s  and found 
that her neuropsychopathic  i l lness was attributed or associated with 
her hand l ing of carbohydrates , in this case absorbabl e  sugar . When 
that was corrected , then the other s i tuat ions fe l l  right in l ine . 
She was okay . That sounds l ike a success story , I know , but these 
are important l itt l e  bits of  informat ion . 

ALFRED E .  HARPER ,  University of Wi scon s in : I wonder i f  Dr . Krayb i l l  
would l ike t o  comment on the prob l ems invo lved i n  extrapol at ing from 
animal experiments  in which some 70 to 80 percent of the diet was 
sucrose compared to the s i tuati on for the average human popu l ation 
with something l ike 1 0  to 1 5  percent of the calories from sucrose . 

KRAYB I LL :  I think your remark has a typical  resemb l ance to some we are 
getting in carc inogenes i s  work . I t  has re l evance to extrapo lation 
from the animal to man . When that comes about you s ay ,  we l l ,  what 
is the ideal model  or speci e s ?  They wi l l  say the nonhuman primate . 
Then one wi l l  say , we l l ,  there i s  nothing l ike man h imsel f .  When 
you come to that , you say what man ? There i s  no such thing as the 
average man , we a l l  react different l y .  

I think these l evel s ,  a s  I stated , are very high , very extreme 
and are exaggerated . But the point I wanted to bring out was that 
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al though sucrose and starch were high , the impact on the g lucose 
c l earance was d ifferent . I think this is fundamental . 

HARPER :  In interpreting the resu l t s  of enzyme studies , where one ob
serves an increase in an enzyme act ivity upon al tering the compo s i 
tion of the diet , one has t o  l ook a t  the probl em of adaptat ion . I f  
there i s  one thing that i s  important in human survival ,  i t  i s  the 
adaptab i l ity of the human body and its  metabol ic systems . To imp l y  
that these al terations i n  enzyme act ivity are somehow an adverse 
effect , I think , is very mis l eading . Often they are the compensa
tory responses of the body to take care of a new substance . 

KRAYB I LL :  I hope I did not leave that impression .  I j ust wanted to 
show you the e ffect on several of the b iochemical parameters , and 
then one takes it from there , because you can do thi s  with most any 
type of  chemical as to alterat ion of the microsomal enzymes . That 
does not neces s ari l y  mean that that leads to an abnormal physiologi
cal state . 

WI LLIAM J .  DARBY , The Nutrition Foundation : I would l ike to comment 
re l at ive to thi s  question of hypog l ycemia . Thi s  is undoubted l y  the 
most loosel y  used , almost fraudul ent term that a group of would-be 
physicians  and somet imes mis l ed c l inicians  are bandying about . It 
i s  a sort of "entertainer ' s  disease . "  The American Medical Assoc i 
ation and the American Diabet ic Associat ion , a s  we l l  a s  a number o f  
other groups , within quite recent t imes have pub l ished ana l yses o f  
the c laims of widespread hypogl ycemia .  

Indeed , Dr . Frank Al l an ,  who described the first case o f  hypo
g l ycemia ,  commented - - and you wi l l  find a reference to this in an 
art i c l e  ent i t l ed "Americans  Love Hogwash" by Dr . Edward Rynearson , 
publ ished in a supp l ement to NutPition Reviews , Jul y  1 974 - - that 
he had seen very , very rare cases of funct iona l  hypog l ycemia through
out a l i fet ime of special i zed work in carbohydrate metabo l ism . 

I think we have to be qui te carefu l  about imp l ying that hypogly
cemia i s  a widespread d isease , or that it  has anything much to do 
with sugar consumpt ion . 

KRAYBI LL :  That i s  one v iew . Other c l inicians can argue the point , and 
I think it needs to be looked at ser i ous l y .  I think it  i s  brushed 
under the rug . C l inical  studies and good b iochemical studies need 
to be done . 

I t  i s  true - - and I hope I prefaced my remarks when I said that 
Dr . Levine said it is a cul t  -- that too many things have been put 
into thi s  wastebasket . I might as we l l  admit that right now . I 
have been examined , and I have been d iagnosed as a re l ative hypo
g lycemic . Thi s  i s  not hogwash ; this i s  real to me . I take except ion 
to statements that tend to be l itt l e  the fact that there i s  a rea l  
incidence of  hypog l ycemia i n  the United States . I t  stands t o  reason 
that there should be , because a lot of peop l e  have di fferent genetic  
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pool s ;  they have di fferent metabol ic pathways and machinery ; they 
have di fferent b iochemistries . With an advance in years , you may 
have an aberrant metabol ic system with enzymes or coenzyme s  that are 
l acking . 

When a person get s rel ieved , the old  saying app l ies  that the proof 
of the pudding is in the tast ing . I f  by mere dietary management of 
j ust reducing your sucrose markedl y  in the d iet and upping the pro
tein by eat ing a cheese snack at 1 0 : 30 in the morning and 2 : 30 in 
the afternoon , you start fee l ing great , thi s  is more than psycho
somatic  medicine ; I think it i s  very convincing . 

RALPH NE LSON , Mayo C l inic : I t  i s  commonpl ace today to use functional 
hypog l ycemia as a d iagnos is  to exp lain symptoms not rel ated to hypo
g l ycemia in persons who otherwise are healthy . But in my experience , 
heal thy peop l e  who embrace this d iagnos i s  have been unab l e  to cor
re l ate their symptoms with the decrease of b lood sugar during the 
g lucose tolerance test . 

High-prote in diets have been prescribed as therapy by c l inic ians 
who be l ieve this ent ity occurs as a resu l t  of increased release of 
insul in after eating carbohydrate .  However , it was shown years ago 
that some amino acids { the substances absorbed as a resu l t  of pro
tein digest ion in the intestinal tract)  are more potent l iberators 
of insu l in than is g lucose . So thi s therapy is not based on physio
logic grounds .  

We do know four s t imu l i  that wi l l  produce hypogl ycemia in other 
wise normal people : al cohol , excessive exerc i se , high-prote in diets , 
and - - in l actat ing women - - calorie restriction . These  factors can 
have e ffect in comb inat ions . For instance , a l actat ing woman who 
takes an al cohol ic drink whi l e  on a sel f- imposed diet may show s igns 
and symptoms of hypogl ycemia during exercise . 

So it does occur , but we have some phys iologic  basis for under
standing it . 
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TABLE 1 Reward Features -- Sat i ety Value of Sugars 

Human oral grat i fication 

Tongue is  s ens it ive to sweet taste  

Oral cavity impu l s e  transmi ss ion via nerves and spinal cord* 

Stimulation in b rain center ( gnos tic bra in region) 

Increas e in sal iva flow 

SOURCE : Nords i ek ,  F .  W . , Am. Sci . , 4 1 -45 , Jan . - F eb . , 19 72 . 

*Chorda tympan i traverses midd l e  ear to brain . 

TABLE 2 Species Responding to Sweet Sensat ion (via Chorda Tympani)  

Exceptions Responders 

Cat Man P igeon 

Chicken Dog Rabbi t  
Hors e Hamster 
Catt l e  Rat*  

SOURCE : tii lner ,  Rhysio ZogicaZ Psycho logy , Hol t  and Rinehart Pub l i shers , 
New York , 19 70 .  

* Rat w i l l respond to saccharin so lut ion equa l ly we l l .  

TABLE 3 Economics of sweets 

Poorer famil i es use twice as much sucros e/person as h i gher 
income groups . 

Th e revers e s i tuat i on is  true for total  sugars (proces s ed ,  
prepared foods , i . e . , j ams , j el l ies ,  cakes , fro z en dess ert s , 
etc . ) .  

Midd le  Ages - - sugar a cos t l y  i t em ( 1 4th C .  - - 1 lb of  sugar = 

a week ' s  wages ) . 

Techno logy of 1 800s reduced cost of sucrose . 

Standard of l i ving increas e more sucrose became avai l ab l e .  

SOURCE : Nordsiek ,  F .  W . , Am .  Sci . , 4 1 - 45 ,  Jan . - Feb . , 1 9 72 . 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


TABLE 4 World Annual Sugar Production ( Li sted on a 3-Year Bas i s )  

Y ear Production ( tons x 10
7

) 

Cane Beet Total 

1958-59  2 . 9  2 . 1  5 . 0  
1961 - 6 2  3 . 4  2 . 7  6 . 1 
1964 - 6 5  3 . 5  2 . 6  6 . 1  
1 96 7-68  4 . 1  3 . 1  7 . 2  
1 9 70 - 7 1  4 . 6  3 . 2  7 . 8 
1972- 73 5 . 0  3 . 3  8 . 3  

SOURCE : U . S .  Department of  Agricul ture . 

TABLE 5 U . S .  Per Capita Sugar Consumption ( Pounds/ Person/Year) 

1946 
195 1 
1956 
196 1  
1966 
1 9 7 1  

SOURCE : HClJ.Uaiian Sugal' Manua t ,  1 9  7 4 .  

74 . 3 1 
9 3 . 68 
98 . 96 
98 . 1 1 
9 8 . 2 7 

1 0 2 . 2 7 

TABLE 6 Nat ions Leading in Sugar Production (Tons 

Nation Production Nat ion 

U . S . S . R .  8 . 7  X 10
6 

Mexico 

Braz i l  6 . 9 X 10
6 

Aus tra l i a  

Cuba 6 . 1 X 1 0
6 w .  Germany 

India 4 . 9  X 1 0
6 

Phi l ippines 

u . s .  4 . 9  X 1 0
6 S .  A frica 

China 3 . 4  X 1 0
6 

Pol and 

France 3 . 2  X 10
6 

I taly 

Hawai i  ( counted separate l y) 1 . 1  X 1 0
6 

( U . S .  wou l d  then rank fourth) 

SOURCE : U . S .  Department of Agricu l ture . 

Produced) 

Production 

3 . 1 X 1 0
6 

3 . 0  X 10
6 

2 . 4  X 1 0
6 

2 . 4 X 1 0
6 

2 . 1  X 1 0
6 

2 . 0 X 10
6 

1 . 4  X 1 0
6 
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TABLE 7 Rel ative Prices of  Sugar ( 1 964 - 1 9 7 2 , World Market Price) 

Year Average 

1964 5 . 86 

1965 2 . 1 2 

1966 1 . 86 

1967  1 . 99 

1968 1 . 98  

1969 3 . 37 

1 9 70 3 . 75 

1 9 7 1  4 . 5 2 

1 9 72 7 . 4 1 

SOURCE : Liaht 's Wortd Sugar Statis tias , 7 2 / 7 3 . 

TABLE 8 General Benefits  of Ab sorbab l e  Sugars 

I ncreases GNP of count ry 

Year ( ¢ / lb . )  

Provides emp loyment ( farm ,  factory , transport ) 

Reward feature - sat i ety value 

Provides quick energy 

Calori es for low income groups 

Low cos t energya 

Appetit e st imulator 

Provides cons i s t ency and texture to certain foods 

a
Probab ly not true in 1974- 1 9 75 . 

TABLE 9 A l t ernatives to Sucrose 

Cheaper material (corn syrup , corn sugar) 

Sorgo syrups 

Map l e  syrup 

Honey 

Nonnutri t i ve sweeteners 

SOURCE : Nords i ek ,  F.  W . , Am. Sai . , 4 1 - 4 5 , Jan . - Feb . , 1 9 7 2 . 
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TABLE 1 0  Benefit s  ( ?) of Sucrose Sub s t i tute 

Some nonnutri t ive sweeteners found to st imul ate appet i te 
and food intake 

High l eve l s  of intake of saccharin may have an avers ive 
tas te effect 

Rats preferred 0 . 25%  saccharin so lution to 3% glucos e 
solution {ma l e  rat preference < femal e  rats ' )  

I n  weight contro l ,  total caloric va lue o f  diet i s  important 

SOURCE : Vadenstern , E .  S . , e t a t . , Saienae , 156 : 942 - 4 3 , 196 7 .  

TABLE 1 1  E ffect o f  Chromium ( I I I ) on Hypercho l estero l emia in Rats 

Serum Cho l est ero l 

D i et Sucrose 

Mg (% )  

Contro l 240
+4 1  
- 34 

Chromium 208
+ 1 3  
- 1 3  

Mean 2 36 

Chromium in drinking wat er = 5 ppm . 
Sucros e d i et Cr I I I  = 0 . 3 1 ppm . 
Starch d i et Cr I I I  = 0 . 38 ppm . 

Starch Mean 

Mg (% )  

209
+ 2 8  
- 1 3  2 37 

161
+ 1 6  
- 1 3  1 8 2  

183 

71  

SOURCE : Data of  Staub , H .  W . , Reussner , G . , and Reinhardt , T . , Saienae , 
166 : 746- 4 7 ,  1969 . 

TABLE 1 2  Mean Changes i n  Tri glyceride Leve l s  During a Sucrose- Free 
Period fo r 18 Men in  Antarc tica 

Al l  men ( 1 8) 

- 1 . 3 ± 2 . 6  
Not s i gni ficant 

Pre-dietary l eve l : 

(Mean ± SEM) : Change (Mg Percent) 

High triglyceride 
Group ( 5) 

- 1 5 . 1  ± 5 . 3  
p < 0 . 0 1 

Low triglyceride group = 9 2  mg percent ( 1 3  men) 
High triglyceride group = 1 54 mg percent ( 5  men) 

Low triglyceride 
Group ( 1 3)  

+ 3 . 9  ± 2 . 7  
Not s igni ficant 

SOURCE : Rob erts , A .  M . , Lanae t ,  1 2 0 1 - 4 , June 2 ,  1973 . 
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TABLE 13  Mean Changes in Cho lestero l  Leve l s  During a Sucrose- Free 
Period for 18 Men in Antarctica 

(Mean ± SEM) : Change (Mg Percent) 

A l l men ( 1 8 )  

+ 5 . 5  :t 1 .  7 

p < 0 . 005 

Ranges in val ues : 

H i gh Cho lestero l  
Group ( 5 )  

- 9 . 1  ! 3 . 5 

p < 0 . 0 2 5  

Low cho l estero l group = 195 to  2 2 5  
High chol estero l group = 225  to 250 

Low Cho l es t erol 
Group ( 1 3) 

+ 1 1 . 1 ! 1 . 6  

p < 0 . 00 1  

SOURCE : Roberts , A .  M . , Lancet ,  1 2 0 1 - 4 , June 2 ,  1973 . 

TABLE 14  Deaths From Pancreatic  Cancers by Time Period (Study of  
Bos ton Populat ion : 1 9 30 - 1956) 

Obs erved Expected 

Mal es Fema l es Mal es Females 

1 9 3 1 - 1935 1 4 0 . 4  0 . 7  

1936- 1 940 3 3 1 . 1  1 . 6  

1 94 1 - 1945 4 6 2 . 2  2 . 9  

1946- 1 95 0  7 9 4 . 0  4 . 7  

195 1 - 1955 1 0  1 4  6 . 7  6 . 4  

1956- 1 9 59 5 1 2  6 . 0  6 . 2 

Total  1 93 1 - 1 959 30 48 20 . 4  2 2 . 5  

TOTAL 78 4 2 . 9  

SOURCE : Kess l er ,  I .  I .  J J. Nat .  Canaer Inst.  , 44 (3) : 673-86 , 1970 . 
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TAB LE 15  I n fluence o f  Dietary Carbohydrate o n  Age a t  Death and Cause 
of Death ( BHE Rat s )  

Diet Longevity Disease (\ ) 

Sucrose 

Cornstarch 

Glucos e 

Days 

444 t 24 

595 ! 34 

543 ! 48 

Kidney 

7 1  

7 7 *  

60 

SOURCE : Durand et a t . , Arah. Patho t . , 85 : 31 8- 24 , 1 968 . 

*Onset at 620 days compared to 4 7 1  for sucrose . 

Respi ratory 

70 

15 

20 

TABLE 16 I nfluence of Carbohydrate Source on Longevity and Cause 
o f  Death (Wistar Rats)  

Diet Longevity Disease (\ )  

Days Kidney Resp i ratory 

Sucrose 583 ± 40 6 62 

Cornstarch 636 :!' 43  14  7 1  

Glucose 565 + 48 0 62  -

SOURCE : Durand et  a t . , Arah. Pathot . , 85 : 3 1 8 - 24 , 1968 . 

TABLE 1 7  E ffect o f  Sucrose on Glucos e Tol erance in Rats 

Glucos e Leve l s  with Time (mg \ )  

Diet Time : 0 30 60 90 1 20 

73 

72% Starch 60 . 1  ± 2 . 2  62 . 9  t 4 . 1 55 . 3  ± 2 . 5  44 . 7  ± 4 . 2  
(no sucrose) 

72\ Sucrose  82 . 9  ± 1 . 3  86 . 1  :!' 2 . 1 86 . 3  ! 0 . 8  63 . 1  ± 1 . 3  

79% Sucrose 99 . 1  ± 1 . 5  1 04 . 6  ± 3 . 7  92 . 7  ± 3 . 4  72 . 1  ± 3 . 4  

SOURCE : Cohen and Tei t e lbaum, Metabo tism , 1 5 : 1034 - 38 , 1966 . 
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TABLE 1 8  Di etary Carbohydrates and En zyme Activities  {Wis tar Rats )  

Age Li ver Kidney Serum 
{mo . )  Diet G6 Pas e G6PD Aldolase  Alk  Pase Alk Pas e Aldo las e 

3 Sucrose 70  2 7  49 36 9 1 0 . 1 

Glucose 64 16 30 33 8 1 3 . 1 

Cornstarch 54 1 1  34 2 7  7 . 9  1 2 . 0  

9 Sucrose 49 1 8  4 0  1 3  6 9 . 0  

Glucose  40  16  35  1 1  6 1 0 . 0  

Cornstarch 35 1 8  34 1 3  5 9 . 0  

Standard errors not cited ,  but are in original paper . 

SOURCE : Chang et  a Z  • •  J. Nutr • •  1 0 1 : 3 2 3 - 30 , 1 9 7 1 . 

TABLE 1 9  Cario genic Effect of Sugar-Rich D i ets (Experimental Anima l s )  

Caries Score 
Spec ies Diet  (Teeth Deve lopment & Maturation) 

Hams ters Stock
1 

+ Puri fi ed
2 

6 . 1  

Rats Stock 
1 

+ Purified
2 0 . 0  

Mice 
1 

Stock + Puri fied
2 0 . 0  

Hamst ers Puri fi ed
1 

+ Puri fi ed
2 

48 . 0  

Rats Puri fi ed
1 

+ Puri fi ed
2 

2 . 7  

Mi ce Puri fi ed
1 

+ Puri fi ed
2 

0 . 5  

SOURCE : Sognnaes , R .  F . , J. Am . Denta l  Assoa . , 3 7 : 676 , 1948 . 

! pregnancy and l actat i on stage . 

2 Posterupt ive stage . 
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TABLE 20  Some Symptoms Recorded i n  Hypog l ycemi c Syndrome (42  Symptoms 
for 600 Cases Observed) 

Percent 
Symptoms in Cases 

Nervousness 94 

I rritab i l i ty 89 

Fat i gue 8 7  

Weakness , co ld sweat s 86 

Depression 7 7  

Verti go 73 

Headaches 7 1  

Symptoms 

Gastro intestina l  

I nsomnia 

I nternal tremb l ing 

Tachycardia  

A l l erg i es 

B lurred vis ion 

Sui c i dal  intent 

P ercent 
in Cases 

68 

62 

57 

5 1  

4 3  

4 0  

20 

SOURCE : Phi l l ips , K . , Am. pPact. Dig. T�eat. , 1 0 : 9 7 1 - 77 , 1959 , 
J .  B .  L ippincott Pub l i shers . 

TABLE 2 1  General Advers e  E ffects  of  Absorbab l e  Sugars (Sucrose) 

High intakes replace calories from other macronutrients 
( empty calories ) . 

I n  ab errant metabo l i sm contributes to obes ity . 

Contributor to dental  caries induct i on . 

In  aberrant metabo l ism caus es and aggravates : 

Hyperglycemia (hypoinsul inemia - - diab etes )  
Hypoglycemia (hyperinsul inemia) 

I mp l i cated in hypertri g l yceridemia .  

Imp l icated in hyperchol estero l emi a .  

Associated with diabet es and increas ed pancreatic  cancer risk . 

I n  experimental anima l s , reduces longevity . 

In  experimental anima l s ,  accel erates kidney d i s ease . 

I n  experimental animal s ,  makes increas ed demands on enzymes 
of l iver , kidney , and s erum . 

I n  experimental an ima l s , impairs glucose  t o lerance .  

Associ at ed wi th a l l ergi c  mani festat i ons i n  hypoglycemic s tat es . 

Al l eged contributor to atherosc l erot i c  processes . 

Potent ial  effects  on growth and maturat ion from overconsumption . 
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NUTRITION : SUMMARY OF EVIDENCE 

Pau l  M. Newberne 

In conduct ing nutritiona l experimental work for over 20 years , I must 
admit , in company with mo st other nutri tioni sts , that carbohydrat es have 
usual ly been the last  thing considered in des igning the diet . We con
s idered protein , fat , vitamins , mineral s ,  and final l y ,  carbohydrates to 
comp l ete dietary proportions . More recent l y ,  however , we have had to 
come to grips with thi s  on many different front s in cons idering various 
sources , the qual ity and quant i ty of carbohydrat e in provid ing an opt i 
mum diet for man and animal s .  

One of the questions central to this  Forum i s ,  what i s  sugar ? Many 
peop l e  have their own concept of what sugars may be . Sugar i s  a carbo
hydrate , but there are many di fferent k inds . Sugars may be derived from 
animal or vegetab l e  sources . The ones that we are mo st fami l iar wi th 
are the disaccharides and the monosaccharides . Al l of them , accord ing 
to definit ion , are whi t e ,  crysta l l i zab l e ,  solub l e  in water and in di lut e  
a l cohol . 

Before one can cons ider int e l l igent ly  a subj ect such as this , we have 
to cons ider what our nutrit ional needs may be under varying phys �ological 
states . In addition to wat er , there are those that we do need . We need 
sources of prot ein , fat , mineral s ,  carbohydrates , vitamins , and fiber . 
I t  is thi s  area of carbohydrates that i s  of concern to thi s  Forum , and 
it is in this category that sugars fa l l . However , even when considering 
carbohydrates , and more spec ifica l l y  the sugars that make up a bu lk of 
that di etary category , one cannot forget any of the other maj or ingre 
dient s since a bal ance of a l l  of them i s  required for opt imum nutrition .  

Sugars , first of a l l ,  are foods . Sucrose , as such , i s  a pa l atab l e  
food . I t  i s  read i l y  avai labl e .  I t  i s  eas i l y  packaged . I t  stores we l l ,  
and genera l l y  it  i s  relative ly inexpensive on a calorie bas i s . Sucrose 
is broken down into g lucose , and it  i s  in this form that the body 

7 6  
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uti l i zes  it for energy . You get about 20 calories  from an average tea
spoon of sucrose . 

Now, l et us assume that the average individual needs anywhere from 
1 , 800 to 3 , 000 calories per day , depending on the degree of physical 
activity . Tabl e  1 indicate s  the average caloric needs and the consump
t ion of sugar with that porti on of calories  derived from sugar . Th i s  
may be a bit  high , but let  us assume that w e  d o  take in one-third of  a 
pound of sucrose dai ly on the average . That gives us about 600 calories , 
and that i s  j us t  about 25 percent of the average need for calories  in 
our genera l l y  inact ive soci ety . 

Sugars have become much more important in recent years , because we 
do have a distinct craving for sweetness (Tab l e  2) . I t  i s  a human 
craving , but it i s  not l imited to those of us in the peop l e  fami ly . 
Animal s  l ike it  as wel l .  When we consider the amount of sugar consumed 
by various popu l ation groups around the wor l d , we find it to be s i gnifi 
cant , const itut ing about 18  percent of the total calori es ; and the con
sumption is increas ing , part i cular l y  in deve loping countries . 

In  any considerat ion of dietary const i tuents or the diet as a who l e ,  
the question ari ses , why do we eat ? We eat primar i l y  t o  sat i s fy energy 
needs ; in addition to enj oying food we have to have energy to survive, 
The predominant mot ivat i on for food consumption i s  to gain energy . About 
three- fourths of the ingredient s in a normal , we l l -balanced diet i s  used 
specifica l l y  for ca lories . 

Our energy requirements depend on a number of factors , for examp l e ,  
activ ity;  thi s i s  probably  the most important one . Another i s  body s i ze 
and composi tion ;  the larger you are , the more you have to move about , 
the more energy i t  requires . With increasing age , we need fewer ca lo
ries . The c l imate ,  whether it  i s  co ld  or  warm , and the kinds of clothes 
we wear are addit iona l factors and important determinants of our caloric 
needs . Al l these factors are high l y  important . In  the final  analys i s ,  

TABLE 1 Range of Caloric Needs of I ndividual s  and Average Calori es 
Derived from Sugar in U . S .  

Require 1 , 800 3 , 000 Ki localories Dai ly Total 

450 Grams -- 750 Grams 

(One - - One and Two-Thirds Pounds) 

Average Consumption Sucrose 1 1 0  Pounds Per Year in U . S .  

or About 1/3  Pound Dai ly 

150  Grams = 600 Kcalories 

25% Average Caloric Needs 
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TABLE 2 Reasons for High Sugar Consumption 

Uni ted Kingdom 

Austral ia 

Swi t zer l and 

United States 

Human Craving for Sweetness 

50 to 60 kg/Capita Sugar 

1 8�• of Calori es 

50 kg/Cap ita 

Cheap Source of Calories 

Favored by City Dwe l l ers 

Consumpt i on Ris ing Steep ly in Deve loping Countri es 

i f  calor i c  intake is l e s s  than our needs for heat , work , and other 
essent i a l  body functi ons , we lose weight because body stores of fat , and 
later protein , are drawn upon for energy . I f  ca lor i c  intake exceeds 
requirement s we store it  as fat . F i gure 1 i l l ustrates the concept of 
energy ba lance ( 1 ) . 

Li fe sty l e s  and their accompanying energy needs have changed over 
the last  century . In  1 850 , the average person required about 2 , 400 
calories if engaged in a l ight work load ; 1 8  percent of the popu l at i on 
was engaged in work considered to be l ight . Tab l e  3 shows that over 
the l ast century the proportion of peop l e  doing l ight work has shi fted 
to the point that in 1 966 about two - thirds of the U . S .  popul at ion i s  
engaged i n  l ight work . Likewi s e ,  the percentage o f  very heavy working 
individua l s  has dropped from 1 6  percent to 1 percent as a resu l t  of 
mechani zat i on and for other reasons . I n  consequence ,  we as a society 
do not need the same quant ity cal ories  as was needed in the past . 

I t  has been po inted out e l sewhere in thi s Forum that wor l d  sugar 
product ion has gone up . There has been a steady increase in product ion 
s ince the turn of the century , and that has para l l e l ed ,  in an inverse 
way , the need for calories  by U . S .  popu l at ions . 

ENERGY INTAKE 
-+ 

/ HEAT 

- WORK 
mechan. 
chem. 
osmot. 

EXCRETA 

F I GURE 1 I l lustrat ion of bal ance 
of energy . Intake should  equal 
usage of calories (heat , work , 
excreta) in order to maintain body 
wei ght gain . I f  intake exceeds 
usage , there wi l l  be wei ght gain . 
Convers e l y ,  i f  usage exceeds 
intake , there wi l l  be wei ght loss . 
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TABLE 3 Shi ft in Caloric  Requirement s from 1 850 

Cal . Required 
Work Per Day 

Light 2 , 400 

Heavy 3 , 300 

Very Heavy 4 , 000 

SOURCE : Schett l er and Sch l i erf , reference 1 .  

79  

t o  1966 

Percent of 
Population 

1 850 1966 

18 62 

26 1 0  

1 6  1 

In speaking to the ro l e  of sugars in nutri t i on ,  what are some of the 
quest ions that one should  ask ? What are desirab l e  l eve l s  in the diet ?  
What are the benefit s  o f  parti cu l ar l eve l s ?  What may be excess ive in
take? What are the r i sks assoc i ated with exces s ive intake?  

The controver s i a l  aspects of sucrose have been pointed out by  many 
different investigators , and there i s  an extens ive l i terature on the 
subj ect . John Yudkin has written a book t i t l ed Sweet and Dangerous ( 2 )  
in whi ch h e  contends that sucrose i s  harmfu l . H e  cal l s  i t  the quiet 
k i l l er ,  and a l l eges that i t  caus es heart di seas e .  On the other hand , as 
one examp l e ,  Fewkes (3) has written a very good review pointing out that 
in his est imation the direct evidence for what Yudkin says is l acking . 

The four areas where sugar and human d i s ease are associated by many 
inc lude cardiovascu l ar di seas e ,  obesi ty ,  diabetes , and dental  cari es . 
Each of these can be taken up s eparately  for brief discus sions . 

Sugar and heart disease re l ationships have usua l ly been assoc iated 
with the l eve l s  of l ipids in the b l ood (cho l estero l and tri g l yceride) 
and suggestions have been made that triglycerides may be as important as 
cho lestero l . 

Szanto and Yudkin  ( 4 )  conducted a study in human vo lunteers in whi ch 
high- sucros e  d i et s  caus ed no s igni fi cant changes in b l ood cho l esterol 
but increased the s erum tri g l ycerides and s erum insul in concentration 
(Tab l e  4 ) . S ince there was no s ignifi cant change , the authors conc luded 
that probab l y  heart di sease was being mediated v i a  hyperinsul in i sm .  

Ha l d i  and Wynn (5)  studied 4 4  medical students g iven a test  l oad of 
1 . 5 grams of sucrose or g lucose per kilo of body weight (Tabl e  5) . B l ood 
concentrations were about the same for both groups , and b l ood sugar 
l eve l s  in  both groups returned to a norma l l eve l wi thin about 4 hours 
after g iving the test load . Resu l t s  of thi s study c l earl y  indicate that 
g lucose  and sucrose had about the same effect on b l ood sugar l eve l s . 

There i s  a di sease i n  man referred to as primary endogenous hyper
trig lyceridemia ,  a condition where pat i ents have a much higher l eve l of 
trig lycerides in their b l ood than is normal . A group of five pat i ent s 
was cho s en because they had 2 00 mi l l i grams percent or more tri g l ycerides 
but they had a normal fast ing b lood sugar . They were examined fo l lowing 
a test loading of either starch , fructos e , or sucrose (Tab l e  6) and 
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TABLE 4 Di etary Sucrose - - Mal e  Human Subj ects 

Pre l im Sucrose Rest Starch 

Kca l /day 3390 3350 

Wt/kg 7 3 . 0  74 . 0  

Cho l est (mg%) 249 248 

Tri g l y  (mg%)  143 150 

Blood G lucose (mg9o ) 

0 Min 69 99 

1 2 0  Min 68 68 

Serum insu l in (uU/ml )  

0 Min 2 2  2 3  

30 Min 63 86 

SOURCE : S zanto and Yudkin , Reference 4 .  

3370 

7 3 . 4  7 3 . 6  

250  243 

1 4 2  1 4 0  

6 8  69 

68 67 

2 3  2 2  

67  64 

TABLE 5 Blood Sugar After Consuming Glucose or Sucrose 

Sugar Bas al  (mg% ) 

G lucose 95 

Sucros e  95 

Minutes Post - Ingestion 

2 5 

99 1 08 

1 00 1 0 7  

1 5  

1 34 

1 34 

SOURCE : Haldi and Wynn , reference 5 .  

30 

155 

1 4 8  

Rest 

7 3 . 5  

248 

1 4 2  

7 0  

68 

2 1  

64 

trig l yceride concentrat ions were di fferent with a rest ing l evel  of tri 
g l ycerides increased in those g iven sucrose compared to those with 
starch or fructose . In  addit ion , the turnover rate was higher . I t  was 
concluded that sucrose increas ed the trig lyceride concentrat ion of the 
b lood , and further , the turnover rate , but did not have any influence 
on the excretion or the disposition of it . 

McDonald reported some interesting studies in humans and in animal s 
( 7 ) . He gave human pat ient s ei ther corn starch or sucros e  and found 
that neither increased serum l ipid l eve l s  s ignifi cant ly in these adult 
pat i ents . I t  must  be borne in mind , however , that he was giving 
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enormous doses  for a rel at ively short per iod of t ime and measuring the 
effects without g iving much cons ideration for the l ong-term effect s . 

McDonald and coworkers al so conducted studies in rabbits . S ince they 
were interested in kwashiorkor -- a protein-calor i e  mal nutrit ion disease 
in chi ldren with very low dietary protein but high carbohydrate intake 
they attempted to reproduce thi s  condition and were abl e  to reproduce 
fatty l ivers and other derangement s associated with the chi ldhood d i s 
eas e . These investigators were trying to define the di fference between 
a chi ld with kwashiorkor and a chi l d  that was s imply  in effect starved ; 
in the latter you do not find l ipid accumu l at ing in the l iver . He found 
in rabbits  that sucros e  produced more l iver l ipid than an equal weight 
of dietary starch , but again these results  were from a relat ively short 
term experiment . 

Anderson did a study in twelve normal men , examining the s erum cho l e s 
tero l l evel s  that were induced b y  g l ucose o r  sucro s e ,  o r  lactose and 
g lucose (Tab l e  7 ) . Thi s was a study in which 3 1  percent of the total 
cal oric  intake was changed within t ime periods of about two weeks each . 

TABLE 6 Tri g lyceridemia Concentration in Primary Endogenous 
Hypertrig lyceridemiaa 

TG TG 
TG Cone . Turnover Turnover 

Diet (mg/ 1 00 ml . )  (h- 1 ) (mg/h/kg) 

Starch 2 2 0  ± 45 0 . 1 80 ± 0 . 04 1 4 . 1 ± 2 . 1 

Fructose 229 ± 36 0 . 1 7 2  ± 0 . 02 14 . 4  ± 2 . 3  

Sucros e  270  ± 95 0 . 1 79 ± 0 . 04 1 6 . 8 ± 4 . 5  

aF ive subj ects with primary endogenous hypertrig lyceridemia ,  3 di fferent 
diets . Each pat i ent had 5 - 1 0  measurements , each period . From Nikki l a ,  
reference 6 .  

TABLE 7 Serum Cho l estero l Level s (mg/ 1 00 m l )  of  Twelve Men 

Diet Mean 
G lucose Sucros e  Lactose & G lucose Di fference 

1 80 ± 6 . 5 185  ± 7 5 ± 3 . 5  

1 77 ± 9 . 7 1 7 8  ± 1 1 . 2  1 ± 3 . 4  

1 79 ± 1 1 . 1  1 74 ± 1 0 . 1  5 ± 4 . 5  
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In exam1n1ng the data , there was no di fference in switching from g lucose 
to sucrose or from sucrose to l actose and g lucose  in terms of s erum 
cho l estero l l eve l s . 

Some have associated sugar intake in coronary pat i ents with that 
d i s eas e ,  and Tab l e  8 l i st s  the data from one study (8) . Al though there 
was considerab l e  variat ion in sugar intake among coronary pat i ent s , there 
was no convincing evidence that sugar intake and coronary heart disease 
were causal l y  re l ated . Some of the di fferences were associated with 

· smok ing and with consumption of sweet drinks such as cocoa and coffee . 
In  1 9 7 0 , Mas ironi pub l i shed in the WHO bul letin ( 9 )  data rel at ive to 

d i etary factors and coronary heart d isease from 3 7  countries . Mortal ity 
data from degenerat ive heart di seas e and per capita consumpt ion of fat , 
sucro se , compl ex carbohydrates , protein and tota l caloric intake were 
considered . On the bas i s  of a l arge vo lume of  informat ion he concluded 
that total unsaturated fat s  pos i t ively were correlated with the death 
rates , but comp l ex carbohydrates were not . An interest ing discus s ion 
pointed out that diet and heart d is ease  were sti l l  controver s i a l . 

Tab l e  9 l ists  examp l es of untreated adult  onset diabet es and the 
effect of starch , fructose , and sucros e  on b l ood sugar in untreat ed 
adu l t - onset type d iabetes . As these  data point to individua l di fferences 
among pat i ents with no s i gn i fi cant di fferences associated with any one 
of the individual sugars , one cannot genera l i z e  in such cases . 

TABLE 8 Sugar Consumpt ion by Mal e  Coronary Pat i ent s with Contro l 
Subj ect s 

Number of Subj ect s Sugar Intake (g/darl 
Author Pat i ent s Contro l s  Pat i ent s Contro l s  p 

Litt l e  et a t .  ( 1 965)  86 84 47 65 < 0. 01  

Papp et a t .  ( 1 965)  20  20  1 2 1  1 1 7  > 0 . 05 

Begg et a t .  ( 1 967)  63  33  39  55  < 0 . 05 

Paul  et a t .  ( 1 968)  66 85  1 1 6  96 

F inegan et a t .  ( 1 968)  1 00 s o  66 69 >0 . 05 

Burns-Cox et a t .  ( 1 969) 80  1 60 1 00 97  >0 . 05 

Howe l l  and Wi l son ( 1 969)  1 7 0  1 1 58 67 79 > 0 . 05 

Working Party 

Medical Research 
Counci l  ( 1 970)  1 50 275  1 2 2 1 1 3  > 0 . 05 

Gatti  ( 1 970 4 7  3 1  5 7  4 5  >0 . 05 

From Grande , reference 8 .  
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Dr .  Kraybi l l  has referred to chromium as an additional factor that 
has been associated with blood sugar l eve l s .  The chromium content of 
different types of sugars is l i sted in Tab l e  1 0 .  The data in Tab l e  1 0  
were suppl ied b y  Wal t er Mert z o f  the USDA Human Nutrit ion Laboratory where 
he has been working with th is  for many years , and the indicat ion is that 
there is some relationship between chromium and the l evel  of b l ood g lu
cose . In Tab l e  1 0  i t  i s  revea l ed that di fferent kinds of anal yses 
yie ld d ifferent resu l t s ; neverthe l e s s  the trend is in the same direct ion . 
The more refined the sugar , the l ess  the chromium cont ent . F inal l y ,  

TABLE 9 Effect of Dietary Fructose and Sucro se on B l ood Glucos e 
Untreated Adu l t -Onset Type Diabetesa 

Case Starch Fructoseb 

K . H .  1 4 . 1  ± 1 . 1  1 3 . 6  ± 1 . 0  

T . V .  1 0 . 7 ± 0 . 8  1 2 . 0  ± 0 . 7  

V . N .  6 . 9  ± 0 . 4  6 . 2  ± 0 . 3  

Kl . H .  14 . 4  ± 1 . 5  1 4 . 7  ± 0 . 7  

J . G .  1 3 . 4  ± 0 .  7 1 4 . 5  ± 0 . 6  

V . P .  9 . 5  ± 0 . 4  1 1 . 8  ± 0 . 9  

MEAN 1 1 . 3  1 2 . 1  

aMean ± S . D .  of 6- 1 0  values for each period , mM .  
b

Dai l y  dose 80- 1 00 g subs t i tut ing for s tarch . 

TABLE 1 0  Chromium Content in Di fferent Types of Sugars 
(ng/g  Sugar ± SEM) 

Sucroseb 
1 4 . 2  ± 1 . 3 

5 . 7  ± 0 . 4  

14 . 1  ± 1 . 1  

1 5 . 2  ± 0 . 7  

1 2 . 3  

in 

Direct Muff l e  Low Temp . 
Number Ana l ys i s  Ash Ash 

Sugar Samp l es ( 1 , 000° Ash) (450 ° ) ( 1 50 ° ) 

Mo l as ses 3 29 ± 5 1 29 ± 54 266 ± 58 

Unrefined 8 37  ± 1 3  8 8  ± 20  1 6 2  ± 36 

Brown 5 3 1  ± 2 5 3  ± 8 64 ± 5 

Refined 7 1 0  25 ± 3 2 0  ± 3 

Supp l i ed by Dr . Wal ter Mert z .  
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when low temperature ashing method was used , more accurate data were ob
tained , indicating a need for sensitive , accurate methods . 

The quest ion of the re l at ion between sugar and obesi ty i s  a real one . 
Some di seases are associated with obesity in a very pos i t ive way 
(F i gure 2) . I do not think anyone would argue that obes ity i s  unrelated 
to longevity , diabetes , l iver cirrhos i s  in the mal e , appendicit i s , gal l 
stones , and perhaps cardiovascular di sease , some more strongly re l ated 
than others . I n  any case , there are convincing associations of disease 
with obes ity . I n  regard to sugar and obesity , can we say there i s  a 
causal re l ationship? Based on what we know today , I do not think so . 
Obesity i s  s imp l y  a resu l t  of taking in more calories than are used up . 

Cardiovascular
Renal D isease 

D iabetes mel l itus 

Liver Cirrhosis 

Append icitis 

Gallstones 

Cancer (Alii  

Tuberculosis 

Peptic Ulcer 

Suicide 

Accidents-Total 

Sex 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 
M 
F 

M 
F 

DEATHS-Percent actual of expected 

( Death rate of persons 
accepted for standard insurance) 

N .S.  
N .S. 

(too few) 

300 400 

F IGURE 2 Effects of obes ity on susceptib i l ity to various 
diseas es . B lack bars repres ent increas ed suscept ib i l ity in 
overweight individual s .  Reproduced from Marks , H .  H . , I nflu
ence of obesity on morbidity and mortal ity , But t .  N. Y. Acad. 
Med . , 36 : 296- 3 1 2 , 1960 . 
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Now, l et us turn to the area of dental caries  where the evidence i s  
much more convincing . Sugars do indeed contribute t o  the development o f  
dental caries , sucrose  perhaps more than others . 

There are many s tudies  in animal s  that support this concept , and an 
ear l i er one by Haldi  and co l l eagues ( 10 )  i l lustrates the point . Rats 
were g iven sucros e  by three d ifferent ways as shown in Tab l e  1 1 . I f  the 
entire rati on was given by stomach tube , thereby bypassing the teeth , 
there were no caries . I f  g iven in an oral so lution there was a s ignifi 
cant incidence of caries , but the highest rate was associated with ad
ministrat ion of granul ar sucrose  in  the diet . This permi tted l onger , 
cont inuous contact with the teeth . The source of energy provided the 
microflora of the mouth creates an environment for acid production and 
enamel erosion .  

I n  c l o s ing , I do want t o  point out that the data we have in  hand indi 
cates that it  i s  the quantity of the calories , rather than the source , 
that contributes  to heal th prob l ems . We must  bear in mind , however , 
that s ome sources are much eas i er to get , they are much more pa latab l e ,  
and a s  a consequence w e  may take more o f  them in . 

TABLE 1 1  Denta l  Caries Incidence in Rats Fed Sucro se by Various 
Routes  

Average No . Average 
No . Wt . Increase Caries- Caries 

Group Treatment Rat s M F Free Rats Score 

I Ent ire Rat ion 8 231  196  8 0 
Stomach Tube 

I I  Granul ar Sucrose  13  232  1 82 2 7 . 5  
Oral ly 

I I I  Sucrose  Sol ' n 1 3  252  208 7 1 . 2  
Oral ly  

From Haldi , reference 1 0 .  
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HEALTH : SUMMARY OF EVI DENCE 

D .  Mark Hegsted 

I t  i s  difficu l t  to dec ide what I can add at thi s stage of the program . 
Thi s  is  a summary of a summary of a summary after Dr . Warren , 
Dr . Kraybi l l ,  and Dr . Newberne . The agenda suggests that one can s epa
rat e nutri t i ona l effects from those on hea l th .  I bel i eve that nutri t i on 
i s  concerned wi th the effects of foods or const i tuents of foods upon 
hea l th and that no such separation can be made . Nutr i t ionists  are al so 
concerned with taste , cul tura l habits , and various th ings  that may affect 
food intake , but primar i l y  because of their r e l at i on to hea l th . 

We know that good nut r i t i on can be achieved with many di fferent kinds 
of diets . From a strict l y  nutr i t i onal point of v i ew ,  we , as nutrit ion
i sts , do not care what foods peop l e  eat as l ong as the mixture prov ides 
for good nutr it ion .  Obvious l y ,  th i s  di ffers from the commerc i a l  inter
ests . We are aware , for al l prac t i ca l  purpos es , that every food in our 
diet  competes with every other food . There i s  pract i ca l l y  no elast i c i ty 
in tota l food demand in the Uni ted Stat es . I f  we eat more of someth ing , 
we wi l l  eat l ess  of something e l s e .  Th i s  concerns many of you , but i t  
may o r  may not b e  of any particu l ar concern to nutri t i oni sts . 

I w i sh to empha s i z e  that we are entering or have entered into a new 
era of nutrit ion . For mo st of th is  century we have been concerned wi th 
the ident ification of the es sent i a l  nutri ent s - - amino acids , v i tamins , 
and mineral s .  The under lying the s i s  has been that i f  we cou l d  ident i fy 
a l l  of the essent i a l  nutr i ents , obtain reasonab l e  estimat es of  the d i 
etary requirements for each , and understand their biochemical  funct ion , 
then i t  shoul d  be easy to deve lop b i ochemical  tests  for nutr i t ional 
status  or to eva luate d i etary data . Adequate nutri t ion wou l d  be defined 
as enough of a l l  essent i a l  nutrients . 

I t  is  c l ear that th i s  i s  an oversimp l i fi cation . We are now concerned 
with a variety of probl ems that are food re l ated but have l i t t l e ,  i f  

8 6  
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anything , to do  with  essenti a l  nutrient s .  The prime examples  probab l y  
are obe s i ty and heart di sease . The modern Western d i et s ,  the type of 
diets that universal l y  character i z e  affluence around the wor l d , are 
as sociated with many di seases . Most  of these  have been mentioned - 
heart di sease , obesi t y ,  hypertension , cancer o f  the co l on , divert iculo
s i s , diabetes , et cetera . There i s  good reason to bel i eve that these 
are causal ly  related to diet ; there i s  l it t l e  reason to b e l i eve that 
they are relat ed to essential nutrient s . 

As shown in Figure 1 the changes in diet that accompany "development" 
are usual l y  so uni form that the epidemio log i c  data do not permit ident i 
fication of causal  factors . Since many other thing s wi l l  show s imi l ar 
corre l ations - - t i n  cans , t e l ev i s ion sets , automobi l es , po l lut i on , 
processed foods , et cetera - - these data alone do not identi fy saturated 
fat and sugar , either or both , as  causal factor s . They s imp l y  indi cate 
things that may be worthy of further considerat ion . 

There may , of course , be "natural experiments" that permit some in
sight into causal ity . High consumption of sugar in populat ions l ike 
those  in Jamaica or Cub a ,  where fat consumption may not be correspond 
ing l y  h i gh ,  may be  examples . I f  data are avai l ab l e  from such popula
t ions , however , I do  not know of them . Even so , one must be careful  
in  interpret ing such data s ince a high fat -high sugar diet may not yield  
the resu l t s  that would be expected from studies  of high - fat diets  and 
high- sugar diets  alone . There are , in fact , data indicat ing effects 
upon s erum l ipids that are not observed when ei ther i s  fed alone . 

The primary prob l ems pos sibly  associated with sugar consumpt ion have 
been discussed - - heart disease , diabetes , obes ity , and dental caries . 
Tab l e  1 summar i zes the data obtained by the Bri t i sh Medical  Counc i l  to 
check the Yudkin hypothe s i s . Yudkin conc luded from retrospect ive d i 
etary s tudi es that peop l e  who had had heart attacks genera l ly consumed 
much larger amounts of sugar than comparabl e  contro l s . The s tudi es of 
the Medical Res earch Counc i l  s imp l y  do not confirm Yudkin ' s  data nor do 
a var iety of other studies , many of whi ch were summar i z ed by 
Dr . Newberne . 

I t  must  be emphas i zed that i t  has been shown repeatedl y and almost 
univer sa l l y  that modi fication of di etary fat wi l l  resu l t  in a modifica
t ion of c irculat ing cho l es t erol l eve l s  and that such chol estero l l eve l s  
are assoc iated with s everity o f  atherosc l eros i s  and risk o f  heart d i s 
ease . Thus , to thi s degree , the effect of dietary fat i s  explained . I t  
i s  this fact , not the epidemiologic data , whi ch imp l i cates di etary fat 
and cho l estero l as causal agents in heart d i s ease . Such mechan i sms are 
not ava i l ab l e  to exp l ain a supposed ro l e  for sugar . 

I take exception to many of the experimenta l  studies presented by 
Drs . Kraybi l l  and Newberne . There have been many studies in which rat s  
or other experimental anima l s  or human subj ects have been fed diets in 
whi ch a l l  of the carbohydrate was either sugar or s tarch or other carbo 
hydrates . One can often demonstrate metabo l ic di fferenc es , but the 
re l evance i s  unc l ear . In the United Stat es a low- sugar diet may provide 
10  percent of the calories  as sugar , and a high- sugar d i et 2 5 - 3 0  percent 
of the calori e s . The quest ion is whether changes of this magnitude have 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Sweeteners: Issues and Uncertaint ies.
ht tp: / /www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


88  

any s ignificant effect on  hea l th . Such data as are ava i l ab l e  indicat e 
that they are minimal with regard to l ipid metabo l i sm or ri sk of heart 
di sease . 
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F I GURE 1. Corre l at i ons between fat and sugar consumpt ion and mortal ity 
from coronary heart di sease . Taken from McGandy et a l  . •  N. Engl .  J. 
Med. , 2 7 7 : 4 1 7 ,  469 , 1967 . 

TABLE 1 Summary of Resul t s  of the Medica l  Research Counci l Working 
Party 

CHD Pat i ents Contro l s  

No . Sugar Intake No . Sugar Intake 
(g/day)  (g/day) 

Midd lesex hospital 80 1 0 0  1 6 0  97  

Hammersmith hospital  2 1  1 0 3  2 1  1 00 

Scot t i sh study 49  122  94 1 13 

SOURCE : Lance t ,  2 : 1 265 , 1 9 7 0  
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The epidemiology of diabetes i s  s imi l ar to that of heart d i s ease . 
Given our preoccupat ion with blood sugar l evel s  in thi s  d i s ease , it i s  
not surpri s ing that sugar seems a logical causa l factor . The experi 
mental  studies  of Cohen have shown the devel opment of a m i l d  diabetes 
i n  rats fed diets conta ining very large amounts of sugar . However , many 
peop l e  with e l evated b l ood l ipids demonstrate abnormal i t i e s  in g lucose 
to l erance ,  and diabet ics  are at high ri sk of atherosc l eros i s  and heart 
di s ease . These are presumab ly  common dietary factors influencing these 
di sease s . 

The story of dental cari es s eems to be the c l earest of the four con
ditions under d i s cussion . Sugar consumpt i on has a relation to the 
deve lopment of dental caries , but it is a l so cl ear that the way the 
sugar i s  consumed i s  probab ly more important than the amount of sugar 
consumed . 

· 

With regard to obesity , there i s  no evidence that the ca lori es in 
sugar are any better or worse than other forms of calories . I t  does 
seem l i ke l y  that high ly acceptab l e  diets - - d i ets  high in sugar and 
fat - - are more l ike l y  to induce an overconsumption of calori es . Diets 
l ower in sugar and fat may be usefu l  in contro l l ing obesity . 

One of our prob l ems i s  that we are looking for a cause of a di sease 
when this  i s  probab ly unreasonabl e . We are to some degree mi s l ed by 
experi ence with infectious d i sease where we ordinar i l y  attribute the 
di sease to the infectious agent . We forget that most peop l e  who are 
exposed to the tuberculosis  organi sm ,  for examp l e , do not get tubercu
l o si s .  Obvious l y ,  exposure i s  a necessary but not suffic i ent condit ion 
to produce the diseas e ,  and one can make a bet t er argument that other 
factors , e ither of the host or the envi ronment , are more important than 
the baci l lus i t s e l f .  

Al l d i seases have a comp l ex etiology , and this  i s  part i cu l arly  true 
of the so-cal l ed degenerat ive diseases , the maj or hea lth prob l ems of 
the United States . We cannot expect to find s ing l e  causal agent s ,  and 
we must find ways to deal with the vari ety of factors that contribute 
to the deve lopment of di sease . 

I fee l  that much of the data that have been presented about sugar con
sumpt ion in the United States i s  somewhat m i s l eading . I t  has been 
stressed that consumpt ion has remained at approximately 1 00 pounds per 
year for a cons iderab l e  period . Thi s  i gnores the fact that the total 
calorie consumpt i on has been fa l l ing . Many peop l e  now consume d i et s  
that provide onl y  1 , 500 calories o r  so per day . The proport ion of the 
di et provided by sugar is r i s ing . 

When total calorie  intake fal l s  this  low and 4 0  percent of the 
calories  are supp l i ed by fat and 25 percent by sugar , onl y  35 percent 
of the calories  - - some 500 calories  or so -- are avai l ab l e  to carry 
the essential  nutrients .  Thi s  is not the most  des irab l e  situat ion and 
is associat ed with some risk  of nutri tional inadequacy .  

Al though we cannot ident i fy sugar spec i fi cal ly a s  a causal factor 
for any specific d i s ease , we do know a good deal about the risk of con
suming the type of diet we usua l ly consume . Ha l f  of us wi l l  d i e  of 
heart disease , for examp l e . It seems to me the choice  shou ld and must 
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be made on the bas i s  of the r i sk of doing nothing versus the risk of 
doing something that seems most sensibl e at thi s t ime . The sensib l e  
action i s  t o  move toward the so-ca l l ed "prudent d i et , "  a diet that is  
lower irr fat , in sugar , in  meat , in chol esterol with  l ess  food in gen
era l , whi l e  increasing our consumpt ion of frui ts , vegetab l e s , and 
cerea l s  - - especial ly who l e  grain cerea l s .  I see no ri sk from the nu
trit ional point of view and the pos sibi l ity of substant ial  advantage . 

I personal l y  bel i eve that we a l l have a tendency to rely too heav i l y  
on t h e  regu latory agencies . W e  tend to encourage them t o  take a l l sort s 
of act ions that happen to be favorabl e  for spec ific int erests and to 
swear at them when they do things not in our specific interest . They 
obvious ly should be involved when there are c l ear-cut dangers . Other 
wise , we should remember that we a l l have the right , within l imit s , to 
make foo l s  of ourselves , and we want to preserve that r ight . 

Al l dietary recommendat ions have advantages and di sadvantages for 
some part of the food industry or other .  These effects ,  whatever they 
may be , cannot be of much concern in deve loping dietary recommendat ions . 
Some products wi l l  be harmed and may fai l ,  but opportunities  are pro
vided for other product s .  The food industry wi l l  survive . 

D I SCUSS ION 

KASHA : May I rai se a factua l que stion to begin with? We were shown by 
Sidney Cantor that the sucrose l evel of consumpt ion had remained 
essent i a l l y  constant or s l ight ly decreased , but I thought he al so 
definitivel y  showed that the total sugars had gone up by as much as 
30 percent . 

HEGSTED : I think we are di scus s i ng consumpt ion and d i sappearance , and 
I do not know how much of the disappearance figures represent con
sumption . I do think there is good reasons  to b e l i eve that the pro
port ion of the ca l ori es  in the diet provided by sugar has probab ly 
gone up substant ial l y  in the last 25 , 30 , or 40  years . 

KASHA : Does the highly desirab l e  p l acement of France and Italy  on the 
chart you showed include wine as a source of sugar ? 

HEGSTED : I am sure it  did not . I do not know how much sugar i s  l eft 
in wine ; i f  it i s  dry , I assume there i s  very l itt l e .  

JOHN NEWTON , C l inton Corn Processing Company : I am a carbohydrates , 
starch , and enzyme chemi st . I have been very concerned that in most 
of your feeding tria l s ,  you are us ing raw nat ive starches that are 
indigestible  by human beings , and that you compare them at a 70 to 
75 percent l evel with a water inso lub l e , comp l etely  avai l ab l e  sugar . 
I would l ike at l east to see some of the feeding tria l s  done on a 
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precooked starch o f  the t yp e  that humans use . I think that you woul d  
see some di fferences . 

HEGSTED : I wou ld say that on many of our animal tria l s  we used dextrin , 
which I suppos e i s  more digestibl e ,  depending on how you prepare it . 

Anyway , I do not think those studies  can be int erpreted in terms 
of human nutrit ion . A d i et in whi ch a l l the carbohydrate i s  sugar 
or a l l starch is such a foreign situat ion that it does not t el l us 
anything about what we rea l l y  want to know . 

KASHA : Dr . Heg sted , there are candies  and cerea l s  that are as  much an 
as sau l t  on carbohydrat e metabo l i sm as the rat studies  in which feed
ing s  are 4 0  to 60 percent sugar . 

HEGSTED : I doubt that . I do not deny that there are product s that are 
a l l  sugar , but I do not know that anybody l ives on candy bars . 

CHOATE : Dr . Hegsted has said that i f  you take in calori es from sugar , 
you are in effect di sp lacing other categori e s  of food . I wonder i f  
t h i s  i s  always true . Are there not , parti cu l arly  among t h e  young , 
some si tuat ions where the constant advocacy of sugared foods means 
that they in effect take in more calories than they otherwi se would? 
This  l eads me to another quest ion : Are fat cel l s  laid down in the 
very young any indication of the tendency toward obes ity  as one get s 
o l der? What i s  the stat e of knowledge in thi s ?  I s heavy advocacy 
of foods to the very young , therefore , sort of doubl y  detrimental ,  
not onl y  making peop l e  obese wh i l e  they are young , but obese when 
they are o lder ? Can somebody speak to that po int ? 

HEGSTED : Wel l ,  I would comment on the first one . I as sume that peop l e  
g e t  fat because they eat too much food . I do not think anybody 
denies  that . I as sume that advocacy of food on t e l ev i s ion may pro 
mote  consumpt ion of more food , but the evidence on i t  i s  minimal . 
Most peop l e  have had a very d i ffi cul t  t ime demonstrat ing that obese 
chi ldren eat any more food than the non-obese . 

Although I do not deny that there may be something here , I think 
that my statement sti l l  ho lds , by and large , that if you consume 
more sugar , you consume less  of something e l se . My understanding i s  
that the development of adipose t i s sue i s  sti l l  a controversial  area . 

HENRY SEBRELL : I woul d  l ike  to make a brief comment on fat cel l s ,  based 
on the work primar i l y  of Jul e s  Hirsch at Rockefe l l er and J erry Kn itt l e  
a t  Mount S inai . In  t h e  genera l hand l ing of obes i t y ,  a dist inct ion 
can be made between chi ldhood -onset obesity and adu l t - onset obes ity . 
Chi ldhood -onset obes ity i s  much more difficu l t  to hand l e  in contro l 
l ing long - t erm weight loss  and the maintenance of  normal body weight 
over a l ong period of t ime . 

Drs . Hirsch and Kni t t l e  have shown that most of our fat cel l s  are 
laid down very early  in l i fe , and that if a chi ld or a young infant 
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i s  made obese b y  an unwise  mother , thi s chi ld l ays down many more 
fat cel l s  than a normal chi ld . However , if a person becomes obese 
later in l ife , he does not make so many new fat ce l l s ;  he primar i l y  
puts  more fat into the cel l s  that are there . 

HEGSTED : Wel l ,  there i s  a l i tt l e  argument over even that , Dr . Sebrel l ,  
because the question has already been rai s ed whether you can count 
a fat ce l l  that does  not have any fat in i t , and whether the counts 
are necessar i l y  right . 

SEBRE LL :  Along that l ine , Knitt l e  has recent ly 
succeeded in cul t ivat ing fat cel l s  in t i ssue 
us a new too l  to work with on thi s  probl em .  
in them are a l i t t l e  d i fficu l t  to ident i fy .  

report ed that h e  has 
cul ture . Thi s  wi l l  give 
Fat cel l s  without fat 

FREDERICK STARE , Harvard University : As Jules  Hirsch and a few others 
have pointed out , there may be a second period in development where 
fat ce l l s  are laid down , and that is ear ly in adol escence . 

SEBRELL : Yes , but I think not as many and so fast as those  emerging 
in a young chi ld . 

ALFRED HARPER :  I do not want to get into the midst o f  the fat cel l 
controversy ,  but I would  l ike to emphas i z e  the t remendous capac ity 
for enl argement of  any fat cel l s  that exi s t , regard l ess  o f  the num
ber that may be there , and suggest that th i s  may be more important 
than the ini t i al number . 

The second point I would l ike to emphasi z e  i s  that we shoul d  look 
at the behavioral imp l i cations of the feed ing pattern more than we 
look at the nature of the diet i t se l f .  Behaviorists  point out that 
in the shi ft from breast feeding to bott l e  feeding , from the day an 
infant i s  taken away from the breast , usua l l y  one or two days after 
birth , it is forced to fin i sh up everything in the bot t l e  because 
the mother has been told by the physic ian to provide i t  with four 
ounce s or six ounces or eight ounces of formula . The mother i s  un
happy unt i l  it  i s  fini shed and so conv inces the chi l d that he or she 
has to finish i f  he or she wants any peace and quiet . I wou ld sug 
gest that thi s behav ioral pattern contribut es  to the development of 
j uven i l e  obesity . 

The fina l point has to do with the concern about the energy in
takes of the ado l escent and the young ch i ld . Energy requirement s 
are highest at the youngest age ; as the chi ld  grows and matures ,  
energy requirements fa l l . I f  we keep thi s in perspect ive we should 
recogni ze that the active young chi ld , who needs a good deal of 
energy , may we l l  be abl e  to consume enough food to prov ide an ade
quate diet , and st i l l  consume a considerab l e  quant ity of relat ively 
purified ,  high- caloric foods without serious prob l em .  
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I fee l that some fema l e  voice should be heard in this  Forum . I would 
l ike to speak to that l ast remark because of a p iece of  informati on I 
happen to have as a resu l t  of looking at t e l ev i s ion commerc i al s .  There 
was a t e l ev i s ion commercial , no longer on the a i r ,  that was aimed at 
chi l dren and that showed a cartoon chi l d ,  whom I j udged to be about 
two , consuming a cert a in k ind of snack cake and gobbl ing them out of 
the box . Obvious ly the as sumpt ion was that you would have more than 
one . When I checked the ca loric  value of tho s e  snack cakes , I di s
covered that two of  them represent ed 50 percent of that child ' s  total 
caloric requ irement . I find th i s  part icu l arly appal l ing because that 
snack cake gets 50 percent of i t s  calories from fat . The calorie re
quirement of a two -year-old chi l d  is about 1 , 000 . Thes e  cakes had 2 5 0  
o r  300  ca l ories  api ece . In effect , then ,  they const itut ed about 50 
percent of  that chi l d ' s  caloric requirement for the day if  the chi l d  
con sumed as many as were demonstrated o n  that commerci a l . 

I have kept wait ing to speak today unt i l  informat ion came up to 
which I could  addres s  a que st ion . S ince it has not , I am go ing to  make 
a few po int s anyway . 

I am a nutrit ion educator . I think that there i s  an unfortunat e  
separat ion between food and nutr it ion i n  thi s country . There may be  an 
art i ficial  separat ion between nutr it ion and hea l t h ,  but there certainly 
i s  an even w ider separat ion between those who are interested in food 
and tho s e  who are · i nterested in nutrit ion . I am int erest ed in food , 
food consumpt ion , and food consumpt ion patterns , and there are two 
po int s that I would l ike to make very strong l y .  

9 3  
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F i rst , we need percentage data on added sugar in foods . We do not 
have it , and we cannot seem to get it put on packages . I have been 
offered the data by somebody here who said he would g ive it to me . But 
I do not want it j ust for mys e l f . I want to see a stat ement of  added 
sugars on packages . I do not think we have to get into detai l s  about 
whether we ought to label  oranges because they a l so have a lot of 
sugar . I j ust want to know about the amounts of added sugars in pro
ces s ed foods . I want the pub l i c  to know so that they at l east have a 
cho ice . At this  t ime we are gue s s ing . A recent gues s  I heard wa s t hat 
one of the new cerea l s  that is being brought out may have up to 60 per
cent by weight of sugar . I think that i s  appal l ing . 

Dr . Bei d l er said there was a natural drive for sweetness and asked 
whether the cu l ture tended to overdevelop that dr ive . Then we heard 
that we have very l itt l e  opt ion , that in fact it i s  in the food s , and 
it i s  not a quest ion of whether one want s to add sugar or does not want 
to add sugar . I t  i s  there in the baked bean s ,  in almost everyth ing , as 
peopl e  who are on sugar-re stricted d i et s  know . I f  they have l ooked at 
food l abe l s ,  they know sugar is there , but they do not know how much . 
The fact that one has no choice about how much sugar one take s in under 
certain c ircum stances is a very important i s sue . 

Sugar al so affects the characteri st ics of the foods that you can 
market . Sugar s e l l s  foods . Therefore , you can put together a tasty 
confect ion out of very l it t l e  that has any nutr itional value . F i l l  it 
ful l  of  sugar , throw in a few cheap v itamins and m ineral s ,  and you can 
cal l it nutrit ious . I think there are some very maj or quest ions as to 
whether it is in fact nutrit ious . The snack cakes that I was referr ing 
to ear l ier get 50 percent of thei r calories from fat s . Added v itamins 
would not compensate for their high sugar and fat cont ent . 

The other thing we need i s  sugar consumpt ion informat ion . I am 
rea l l y  t ired of l iv ing on 1 965 household  consumpt ion data , when a gen
erat ion of eat ers , as anyone who knows t eenagers knows , l ast s about 
three years , i f  that l ong . Teenagers are a new breed about every two 
or three years . I would l ike to know what they are eat ing now . I have 
j ust looked at some teenager d i et s ,  and they surpri s ed me . The stap l es 
of the diets  of this  part icul ar group are not pi zzas , hamburgers , 
french fr ies  - - I mi ght fee l  bett er about it i f  they were - - they are 
cake , cookies , and m il k .  Don ' t  take the m i l k  away , incidenta l l y ,  
becaus e then t eenagers wi l l  b e  i n  a - lot of  troubl e .  

Somebody told me today that a lot of the sugar in those disappearance 
studies is go ing into dog food . As a cat owner I was rel ieved to know 
that cats do not have a tast e for sugar , but I would  st i l l  l ike to know 
which people are eat ing that sugar . The very fact that we do not have 
enough data to tal k about the pos s ib l e  hazards of heavy sugar consump
t ion is a lmost irre l evant if we do not know who is eat ing it . We do 
not know where it is go ing , and we are not even l ooking . 

I know there i s  a househo l d  menu census , but I am not an industry 
person , and I cannot get ho ld  of  t hat . I understand the FDA is go ing 
to pay to get it . I hope under those  circumstance s nutr it ion i st s  wi l l  
have a chance t o  see it . 
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I looked at that 1 965 curve of sugar con sumpt ion , and I said to my
s e l f  specu l at ive l y ,  there it goes way up there with those t eenagers , 
and then it drops off . What happens to  those peop l e ' s  sweet tooth? Do 
they keep their sweet tooth and then go on to synthet ic sweet eners? Or 
maybe they are the ones who eat so much sa l t  becau s e  they cannot t aste 
anything anymore? They are used to such a h igh sugar intake . I do not 
know what happens ,  but I wou ld l i ke to know . I do not s ee how we can 
teach if we do not know what happens .  

Last year I was quot ed in the paper as saying that I t hought that it 
was a good thing that the price of sugar had gone up because high sugar 
prices would do more to improve the American diet than anything e l s e . 
I rece ived a l etter from a l ady,  who said to m e ,  you do not understand , 
some peop l e  real ly  l ike to eat sugar . Then she told me that she had 
l o st her husband during World War I I  and that she l iked to drink t ea ;  
because it wa s wart ime she could  not get sugar ; because she was dehy
drat ed from crying so much she had to drink lot s  of t ea .  Now , every 
t ime she has to drink t ea without sugar , it reminds her of that sad 
t ime . You never rea l l y  know whom you are going to offend . I t  i s  always 
surpri s ing . 

In  any case , I know that peop l e  l i ke sugar . I j ust wonder whether 
we should encourage ,  to such an unregul ated ext ent , the consumpt ion of 
sugar . 

D I SCUSSION 

ROSS HALL ,  McMaster Un ivers ity : I was struck by the fact that our 
speakers have addressed thems elves to four health  probl ems as they 
r e l ate to sugar - - diabetes , dental caries ,  obesity , and heart d i s 
ease . Because these heal th topics  have come up s everal t imes and 
quite  a bit  of  data pre sented , I as sume that one of  the concern s of 
this Forum is the health aspect of  sugar and sugar consumpt ion . 

These  four heal th quest ions can be attacked either by epidemio
log ical means or by laboratory means . Of course some of the data 
are not conc lus ive , but my concern is that they are the kind of 
stud i e s  that are done with sugar" out of context , in other words , 
sugar per s e .  

W e  have j ust  heard from Joan Gussow and a l so from Mark Hegsted 
that sugar i s  not eat en by itsel f in the North Amer ican d i et . Thi s  
may be true o f  a very t iny port ion , but the bul k  o f  sugar i s  eat en 
in food . I t  is thes e food product s  t hat peop l e  are eat ing , inc lud
ing sugar and everything e l s e  that is  in them ,  that concern me . I f  
we are going t o  addres s  ourselves t o  hea l th prob l ems , for which 
there apparent l y  is  a concern as far as this conference goes , then 
we should be l ooking at the broader quest ion of  the kinds of foods 
in wh ich the sugar i s  pl aced , and the kinds of hea l th prob l ems that 
these  foods generate .  I think we have to enl arge our horizons . 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


96 

GUSSOW : Let me make j ust one respon se to that . I rea l l y  quest ion 
whether any nutr it ion i st now l iv ing doubt s that our hea l th woul d  be 
better if we ate more comp l ex carbohydrates , more fiber , more 
fru i t s , more vegetab l es ,  less  an imal prot ein , l e s s  animal fat , and 
l ess  sugar . Therefore , in a certain sense , thi s  dis cuss ion i s  moot . 

We are here today not because somebody many years ago decided 
that sugar was a good and nutrit ious food and needed to be introduced 
into the diet for the health of the popu l ace . We are here because 
sugar is a very nonde struct ib l e ,  eas i l y  portab l e ,  cheap , and profit 
abl e  item to put into food . 

Somebody ear l ier suggested to u s  that we come up with a quest ion 
to summari z e  the who l e  i s sue , and thi s  is the que st ion I came up 
with : I s  there any evidence at a l l  that present and/ or ant icipated 
l eve l s  of consumpt ion of cal or i c  sweeteners in the U . S .  are harm
l ess?  I wou ld rather addre ss mys e l f to that quest ion than the  ques
t ion of whether they are harmful . We are deal ing with a food product 
for wh ich we have no need . 

So the real quest ion for me as an educator i s ,  i f  I go out and 
tel l peopl e  that I think they are eat ing too much sugar , i f  I go out 
and t e l l  mothers I think they shou l d  stop their kids from eating so 
much sugar because it i s  bad for them , am I going to get f l ak from 
the scient i st s ?  Or am I going to be a l l owed to make that statement 
without trava i l , on the grounds that even though we do not have hard 
evidence to l ink sugar with a specific di sease , we do know that a 
dietary pattern containing considerab l y  l es s  sugar , in which sugar 
is rep l aced by a compl ex carbohydrat e ,  wou ld be a much hea l thier 
diet ? 

RICHARD A .  AHRENS 

In the course of do ing our re search several years bac k ,  we happened to 
compare in the beg inn ing experimenta l  an ima l s that had been fasted or 
not fast ed before sacr ifice . We were surpri s ed to find that when 
sucrose was the carbohydrat e in the diet rather than starch the t ight 
ness with which fluid was retained during t h i s  overnight fast was 
great l y  increased , at l east for a period of  t ime . 

So , we began to search the l it erature to find out i f  there was any 
evidence that sucro se i s  indeed a hypertens ive agent , which would g ive 
a mechan i sm to the rel at ionship that Dr .  Heg sted and Dr . Newberne both 
referred to between sugar and heart d i sease , diabetes , and a number of 
other things .  

F i gure 1 i s  from a paper b y  Hal l and Hal l  in the Proaeedings of the 
Soaiety fol' Ezpel'imenta Z  Biol-ogy and Mediaine. Thi s  is not real l y  a 
nutrit ion study . They were interested in studying hyperten s i on and 
were trying to make the i r  rat s hypertens ive . 

On the l eft i s  fluid consumption . Thi s  is  when the rat s were g iven 
d i st i l l ed water to dr ink , hypertonic  sal ine , and hypertonic sal ine 
sweetened with either g l ucose or sucro se . The b l ood pre s sure s fol l ow 
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FI GURE 1 F luid intake and 
b l ood pres sure of rat s g iven 
various types of fluid to  
dr ink . From Hal l ,  C .  E . , 
and 0 .  Hal l ,  Comparative 
effectivenes s of g lucose 
and sucro se in enhancement 
of hypersal imentat ion and 
salt  hyperten s ion , Proc. 
Soc. Exp. BioZ .  Med. , 
1 23 : 3 7 0 , 1 966 . 

the patt ern shown on the r ight s ide of F igure 1 .  The l ower l ine i s  the 
b lood pre ssure when d i st i l l ed water was g iven . The second l ine i s  the 
b l ood pres sure when hyperton ic sal ine was given . But the invest igators 
were not sat i s fied with th i s . 

They wanted to make the anima l s  have h igher b l ood pres sures , so  they 
sweetened the hypertonic sal ine . The third l ine is the b l ood pres sure 
when g lucose was the sweeten ing agent . The top l ine is  the bl ood pres
sure when sucrose was the sweet en ing agent . 

The k idneys were l arger in the an ima l s  receiving sucrose and they 
had twice as many kidney l esions . A number of other peop l e  have 
report ed that sucrose does l ead to kidney l es ions . This s eems to be 
as soc iated , at l east here , w ith  b l ood pressure increas es . 

We were concerned . So we formul ated a diet , s imul at ing the Ameri can 
di et , with 40 percent of the calories from fat , 4 S  percent from carbo
hydrate ,  and IS from protein . Of the carbohydrate calories , S percent 
came from l actose  and in one instance the other 40 percent from starch ; 
in the other inst ance ,  10  percent of the cal or i es came from sucrose  and 
30 percent from starch . 

We found that with in two weeks this  1 0  percent of calor i es from 
sucro se made a s ign ificant di fference in b lood pressure . Blood pres 
sure was higher , and i t  stayed h igher for up to eight weeks . Then if 
we switched the diet , the b l ood pressure fo l lowed the sucrose , that i s ,  
the rats which had h igher b lood pressures suddenl y  had l ower b l ood 
pres sure when the sucrose was taken away from them .  

This  caused u s  to  g o  t o  a human study , dep i cted in Tab l e  1 ,  from the 
M . S .  the sis  of M .  L. Mci ntyre , Un ivers ity of  Maryl and , 1 97S . 

This  i s  data from 2 6  volunt eers , 1 2  men and 1 4  women , includ ing my 
wife and mys e l f ,  over a five-week period . We took the five di fferent 
l eve l s  of sucrose shown supp l emental l y  each day , and ha l f  of the sub
j ect s ,  that is 13  of them , start ed at  zero , the  first week ; the second 
week , SO grams ; th ird week , 1 00 grams ; fourth week , l S O  grams ; and 
fi fth week , 2 00 grams . The other hal f  start ed at 200 and worked down , 
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TABLE 1 Mean D iastol i c  Blood Pressures at F ive D ifferent Leve l s  of  
Supp l emental Sucrose Consumed by  26  Vo lunt eers ( 12  Men , 1 4  Women) Over 
a F ive- week Period . 

Supp l emental Sucrose Diasto l ic B lood Pres sure 
(g/day) (mm Hg ) 

0 73 . 4  ± 1 . 3a, c 

s o  73 . 3  ± l . S
b 

1 00 75 . 4  ± 1 . 3  

1 50 76 . 5  ± 1 . 3 

2 00 78 . 2  ± 1 . 2  

aStandard error of the mean . 

b
S ign ifi cant l y  lower dur ing this  week than dur ing the week when the 
subj ect s  consumed 2 00 g/day of  suppl emental sucro se (P <O . OS ) . 

0S ign ificant l y  lower dur ing thi s week than during the week when the 
subj ect s  consumed 200 g/day of suppl emental  sucro se (P < O . Ol ) . 

in order to get r id of any po ssibl e t ime effect that m ight comp l i cate 
the experiment . 

The column on the right shows t he diast o l i c  bl ood pressures at the 
five di fferent l eve l s  of sucro se . You can see at the higher l evel of 
sucrose ,

· 
for the 2 6  peop l e ,  there is a di fference of about 5 po int s ,  

which we got in about a week ' s  t ime . The di fference here i s  s ign ifi 
cant , that is , from 0 g to 2 00 g sucrose/day i s  s ign ifi cant l y  d ifferent 
at the ! -percent l eve l . 

However , as was po int ed out , there i s  a biolog ical difference be
tween peopl e .  If I had done this study on l y  on mys e l f ,  I could not 
confirm it , because I was not a responder . We needed to get this  s i ze 
di fference to make it stat i st ical l y  sign i ficant . Thi s  i s  real l y  due to 
more of a re sponse in about seven to eight of the subj ect s  who seemed 
to be sucrose sensit ive . As you g ive thes e peop l e  the over l oad of 
sucro se , wh ich was ment ioned earl ier ,  their b lood pressure tru l y  does 
j ump , and , therefore , the mean as sumes this magn itude . 

As has been a l l uded to ear l ier , I think we are ta l k ing large l y  about 
sucrose- sensit ive peopl e .  How large a segment of the popu l at ion are 
they? I have seen a number of di fferent e st imates . Just from the sma l l  
samp l e  I had here , i t  seemed that roughly 2 5  percent of our subj ects 
re sponded to this over load of sucro se , and their blood pres sure jumped . 

So we are work ing on the idea that sucrose i s  a hypert ens ive agent , 
at l east in some peopl e .  Thi s  wou l d  prov ide the assoc i at ion with 
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diabetes , heart di sease , and a number of other condit ions that hyper
tens ion has a lready been l inked with . 

DISCUSSI ON 

99 

JOHN P I ETZ , P sycho-Biodynamics : This brings up a point that I would  
l ike to rai se . What studies  have been made to show a di fferenc e ,  if  
any, between refined sugar and such forms of sweeteners as honey, 
mo lasses , sorghum , and other such product s  that are not as  highly 
refined ?  

I have seen a s tudy i n  which rats were fed sal ine so lut ions a l ong 
with g lucose and a number of other sugars , sucrose  among them , and 
the one sugar that they did not s eem to be hypertens ive on was honey . 
Honey was the on l y  one of the nonrefined carbohydrates that was used 
in the study . I have searched the l it erature , us ing the computer at 
the Nat ional L ibrary of Medicine , and have not turned up much of 
anything in the res earch to det ermine what di fference there i s  be
tween these other forms of sweeteners and sugar . But thi s  is  one 
case where there was a definit e difference .  Does anybody know of 
anything el se in thi s area? 

BOWEN : I am with the Nat ional Caries Program and can answer part of  
the  quest ion .  Some years ago there was  a study to compare the 
effect s of refined sugar versus nonrefined sugar in caries causat ion 
in rats . When the study was first carried out it was found that the 
animal s  eat ing refined sugar got more car ies than those that were on 
the unrefined sugar . The study was l ater repeat ed , and the sugars 
were ground to the same s iz e .  Then the di fferences disappeared . 
So , in essence , there i s  no difference as far as caries genicity i s  
concerned between refined and unrefined sugars . 

SVEDA : I wou ld l ike to make a comment about youngsters eat ing sugar 
because it is avai lab l e  to them . I have been told of a psycho l og i 
c a l  study to determine why peop l e  l ike sweet thing s .  The p sycholo
gist apparent l y  made quite a thorough study and found that sweets 
are real l y  a subst itute for affect ion and l ove . 

He then went a step further and tried to find out something about 
saccharin and cyc l amates , which then , you see , becomes a subst itute 
for a subst itut e .  With the fee l ing at the present t ime that young
sters are affected by the rapport or lack of rapport with their 
parent s ,  this may have bearing on a point that you are making , 
Dr . Gus sow , and I l ove you for some of the comments that you made . 
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AARON M .  ALTSCHUL 

Let me raise  an i s sue . What can be done in a pub l ic way now about 
sweeteners?  I do not ask  thi s  quest ion because I know the answer , or 
because I am a part icu l ar l y  brave person . But it seems to me that we 
ought to stop for a s econd and ask what comes out of a l l this in a 
pract ical way . 

I have had some experience in this because I was an adv i sor to a 
Cabinet officer , and both of us were frustrated . He was frustrated 
with me because he never got me to move fas t  enough , and he never got 
the r ight kind of answers to suit  him .  I was frustrated that , despit e  
everything , I was forced t o  say things that I real ly  d i d  not want t o  
say . S o  i t  is  a tough prob l em for a person who has been a scient ist to 
try to get down to what do you do now . 

There are certain propert ies of modern d i et s  shown on F igure 1 ,  
which i s  a derivat ion of mat erial  prepared by the FAO on the consump
t ion pattern of countries as a funct ion of income . I revised it  
s l ight l y  to show severa l  po int s . First , the amount that you eat : the 
poorest countri es might have 1 , 785 k i l ocalories and the ri chest coun
tri e s  may be having up to 3 , 5 00 k i l ocalories per capita per day . So 
as you g et richer , you eat more . 

S econd , it  is not that you eat more of everything ; you change your 
food pattern . Part icu l arl y ,  you reduce the carbohydrates from starch , in
creas e the carbohydrates from sugar , increase animal fat s and separated 
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edib l e  fats . So there i s  a change both in amounts and in the kind . And 
the last point i s  that those of us in the so-cal l ed weal thy nations are 
at the end of the l ine , ri ght at the top . I would l ike to think a l it t l e  
bit  l ater about what i t  means to b e  a t  the end o f  the l ine . 

What I have shown i s  a fact . There might be d ifferences from one 
society to another , but that is a pretty general patt ern with income . 
Another fact relates to the propert ies of modern soc i et ies . I think 
that in modern societ ies deficiency di seases can be contro l l ed .  That 
they are not , here and there , is inexcusabl e  because we have the tech
nol ogy to contro l them . But there are certain d i seases of modern 
soc iety - - Dr . Hegsted and others have pointed them out - - which appar
ent l y  go with moderni zat ion and with higher income . So , we ask our
se lves , what i s  the re l at ionship , i f  any , between income and thes e 
d iseas e s ?  

I t h ink it c arn e  out today that t h e  d i s eases are compl ex ,  t h e  et iol 
ogy is comp l ex , the e l ements of l ife- style  that enter into it are com
p l ex ,  and the t ime scale is long . I t  could  be from 10 to 30 year s . So 
it is  d ifficu l t , and it may even be  impo s s ibl e ,  to appl y a cause and 
effect relat ionship between certain aspects  of the l ife-styl e ,  which 
inc lude heredity , smoking , exerc i s e ,  and contro l of bl ood pres sure on 
the one s ide and coronary heart d i s ease on the other . 

How does thi s information help us to deal with sweeteners ? The ev i 
dence o n  a part icular ro l e  for sweeteners i s  d i fficu l t  t o  obtain . But I 
think that most everybody has echoed a concern of what I am going to cal l 
"be ing at the top of the l ine" : being the top calorie  consumer , the top 
fat consumer , the top sweetener consumer , al l of thes e things . There i s  
a sort o f  general fee l ing , even i n  the abs ence of hard data , whi ch may 
be impos s ib l e  to get al together , that one might be tempted to opt for 
moderat i on in al l aspects of behav ior , inc luding eating behav ior . 

Of course , some genet ic groups or high ri sk groups may wish to in
c lude sweeteners as part of their opt ion for moderat ion . Those who are 
trying to contro l weight , if they have to make  a choice , might want to 
choos e  things that are sweet as things to moderat e out of their diet . 
And peop l e  in general may want to cons ider a l it t l e  more emphas i s  on 
sweeteners as a way of avoiding g luttony . 

I th ink that this i s  a pub l i c  i s sue . I t  i s  a pub l ic i s sue because 
the publ ic i s  frustrated by the r i s ing cost of hea l th care and is look
ing for out s . Somet imes they are looking for easy out s ,  and somet imes 
they are looking for far- out out s . But they are l ooking , and I think 
they w i l l cont inue to l ook and cont inue to be unhappy with anyone who 
says that there is nothing that can be done . 

I t  i s  a scient ific i s sue because there are di fferences of opinion . 
You heard them today . 

I think , therefore , that the one thing everybody can agree on , and 
you have heard some peop l e  ment ion it , i s  that when there i s  no hard 
data,  and when it is both a scient ific and a pub l ic i s sue , then the 
pub l ic has a right to know what it is eat ing . The consequences of this 
are that somehow , by l abe l ing procedures or otherwis e ,  and I do not 
want to go into detai l s ,  everybody ought to know the sucros e or 
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sweetener content of the foods that they are eating . Then they can do 
what Hegst ed suggested - - they can ignore it , or they can decide that 
"this is for me" and make changes in their d i et consistent with what 
their needs are . 

There are go ing to have to be changes in our behav ior . We are going 
to cont inue to be suspicious of being "at the top of the l ine . "  

We have a Finnish person working with us to whom I always say how 
gratefu l  I am to the F inns , because they have a higher heart d i s ease 
rate than we do , and therefore we are number two inst ead of being 
number one . But it might be even nicer to be number three . Maybe the 
F inns have ideas of their own , and if they work at i t , they may become 
number two , and we would  become number one . 

I think that there i s  a des ire to moderate ,  and I have a feel ing 
that the first step ,  at l east , that maybe we could agree upon is to in
s i st that we know what we are eat ing . 

ARTHUR KOCH , Giant Food Company : I wou ld l ike to pick up on that point 
and ask a general quest ion about it . We have heard this morning 
about severa l suggest ions - - warning l abel s ,  percentage disclosure , 
and so forth . The fact i s  that we do not have for many foods any 
requirement for even the d i s c losure that sugar i s  in that food . 

I have heard argument s against the warn ing and even some argu
ments against percentage discl osure . I think maybe we ought to 
throw open the quest ion : Are there any argument s against the s impl e  
d i s c l o sure o f  sugar? I f  anybody has them ,  maybe they can state them .  
I f  not , maybe we can take the pos it ion that those o f  u s  here at 
l east agree that there should  be some recommendat ion to the Food and 
Drug Admin istrat ion and to the Congres s  that sugar cont ent be re
quired on a l l foods -- not percentage ,  but the mere fact that sugar 
i s  there . Then maybe we go further . So I throw it open as a general 
quest ion .  Does anybody have any reasons that w e  shou ld  not have at 
l east that much on the l abe l s ?  

KASHA : I bel i eve I heard i n  di scuss ions that under the ingredient re
quirement "sugar added" i s  ment ioned . 

KOCH : There i s  no requirement now . There i s  a requirement known as 
standards of ident ity . But sugar can be put in anything and does 
not have to appear on the l abel . For examp l e ,  Coca-Co l a  and al l the 
cola beverag es are required to disclose  caramel co l or data . There 
i s  no requirement that the sugar be l i st ed on those beverages . And 
indeed , if you look at many of the co l a  drinks on the market , the 
l abe l w i l l  not reveal that sugar is in there . That is  true of  most 
of your maj or foods on the market today . 

HARRY COLE , Nat ional Soft Drink As sociat ion : What the g ent l eman says 
i s true as of thi s  moment . But the FDA has propagated a new stan
dard of identity for soft drinks that requ ires l abel ing for a l l in
gred i ent s .  I t  w i l l become effec t ive thi s  spring . 
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FRE DERICK J .  STARE 

The comment s that I make wi l l  refer very briefly to some of the 
speakers in the morn ing as wel l  as  the aft ernoon . 

1 03 

Dr .  Warren said this morn ing that sugar i s  not necessary , but that it  
tastes good and makes other foods taste better . I would j ust  l ike to 
remind the audi ence that most peop l e  eat because eat ing i s  one of the 
pl easures of l ife . 

The first d i s ease that he tal ked about was obesity,  and here he 
empha s i z ed ,  as Dr .  Hegsted did later ,  that obes ity is caused by a calo
ric imba l ance regard l es s  of where the calories come from . It  i s  wrong 
to say that sugar is the cause of obes ity . Too many calories going in 
and not enough used up in activity is  the cause of obes ity .  Dr . Warren 
al so po inted out that there i s  very l it t l e  evidence to show that 
obes ity per se is a hazard . But the j oker in that argument i s  that the 
obese person who is  4 0 ,  45 , or 5 0  years of age i s  most l ikely a l so to 
be an ind ividual who has a l itt l e  increase in b lood pres sure , who i s  a 
heavy cigarette smoker , who has an increase in cho l estero l . You very 
seldom get to be 5 0  years of age and have j ust obesity;  when you have 
some of these other findings ,  then obes ity is a real ha zard . 

I wi l l  skip the question of dental caries comp l etely  because 
Dr . Glass is here , and he wi l l  probabl y  have some comment s about that . 
He i s  in a much better pos i t ion to make them than I am . 

On diabetes , I would  j ust  l ike to emphas ize , as I bel ieve Dr . Warren 
did , that sugar i s  not the caus e of diabetes . Nobody knows what the 
cause of diabetes i s ,  and I think that Dr . Leaf , Dr . Nel son , and the 
other physicians in the audi ence wi l l  agree with me that the greatest 
hazard to the diabet ic is overweight . The best thing that a d i abet ic 
can do to he l p  h ims e l f  is to take off some weight or to keep it off i f  
h e  i s  not overweight . 

On heart diseas e ,  I w i l l s imp l y  say that I agree with Dr . Warren 
that those of us who have worked in this  area do not have much faith 
in John Yudkin ' s  argument s .  

In  answer to Robert Choate ' s  earl ier quest ion as to whether there i s  
any real l y  good ev idence on what a 1 5- year- o l d  need s i n  the way of 
ca lories , I would say that we have as good evidence as ex ist s on the 
sugar consumpt ion of ado l escent s .  It is drawn from two studies that we 
did in boys ' boarding schoo l s ,  one of which  was publ i shed in the 
American Journa Z of CZinicaZ Nutrition , the other in Preventive Medicine . 
We did not t e l l thes e boys what to eat ; they ate what they were fed at 
schoo l .  We came out quite  c l early  with a figure during the wintertime , 
the coo l er months , that approx imated 2 0  percent of their total caloric 
intake coming from sugars -- I am u s ing that in the p lural . During the 
warmer weather , in the spring t ime , when more i c e  cream was consumed , 
more soft drinks , more iced tea ,  the percentage of total calories com
ing from sugars increased to 24 percent . 

I know of two other studi es in the l iterature that deal with adul t s .  
These  were done in C l eve l and and pub l i shed i n  the Journa Z of the 
American Die tetic Association in 1 970 and in 1 97 1 . One study invo lved 

Copyright © National Academy of Sciences. All r ights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


1 04 

80 adult , profess ional men . They averaged 1 2  percent of their total 
calories coming from sugars . In  the other study,  deal ing with pat ients 
who had mul t ip l e  s c l eros is , the subj ect s  averaged 1 1  to 1 1 . 5  percent . 

As I th ink Joan Gus sow imp l ied , it  wou ld be nice i f  we had better 
data on the sugar consumpt ion of different groups o f  peop l e  and partic
cularly chi ldren . I cannot quite bel i eve that there are many ch i ldren 
who rece ive hal f  of their total calories from sugar , but I do not know 
thi s  to be a fact because I do not know of such dat a .  

On the quest ion of the Yemenites that was ment ioned t h i s  morning , we 
seem to forget that when they l eft Yemen and went to Tel Aviv , not only 
did they consume more sugar , but they consumed more food in general , 
and they al l gained weight . I do not th ink that one can b l ame the 
sugar consumpt ion for the fact that more of these peop l e  developed dia
betes . There were many other changes in their diet , and they gained 
weight . 

Dr . Stumpf referred to a report that George Mann had told  h im of 
some t ime recent l y ,  about the five- year drug study recent l y  comp l et ed .  
This invo lved two drug s , atromid and n iacin . They do l ower chol esterol . 
But in thi s study the lowering of cho l estero l made no d ifference on the 
inc idence of heart di sease . But you did not ment ion , Dr . Stump f ,  that 
thi s  study deal t  with s econdary prevent ion . The subj ects had al l had a 
coronary . 

What is not known yet i s  whether a lowering of cho l estero l i s  help
ful to those  who have not had a coronary , that i s ,  in primary preven
tion .  Many of the c l in icians  in this  audi ence would say that it is 
high l y  debatab l e  whether l owering the cho l estero l by drugs or dietary 
means is effect ive in lessen ing the chances of a s econd coronary , that 
is , in secondary prevent ion . I think any physician who did not try to 
lower cho l estero l in high-risk  pat ient s even after a first coronary 
might be gui l ty of ma lpractice , even though there is not any evidence 
that I know of  to support it . 

On Dr . Krayb i l l ' s  comment s ,  I must be frank and say that I cannot 
agree .with too much of what he said , part icularly  on hypog l ycemia . As 
far as I know , funct ional hypog l ycemia i s  a very rare condit ion . I t  is 
my opin ion -- and again I defer to Dr . Leaf , Dr . Nel son ,  or Dr . Warren 
that hypog l ycemia i s  pretty l argel y  a figment of the imaginat ion . 

The h igh intak es of sugar , as both Dr . Harper and Dr . Hegst ed 
po inted out , in var ious rat studies with 60 to 65 to 70 percent o f  the 
carbohydrates coming from sugar have absolutely  no re l evanc e to man . 
Some 2 0  years ago , when Oscar Portman was with us , our laboratory was 
one of the first to show that in the rat when a l l  of the carbohydrate 
is  starch , the cho l esterol l evel goes down ; when a l l  of the carbohydrate 
is sucrose , the cho l esterol l evel goes up . But we do not eat that way, 
and I do not know what re l evance such stud ies have to man . 

I have abso lutely  no faith in the idea tnat sucrose i s  a pot ent iator 
of al l erg ic react ions . A l so ,  Dr . Hegsted made an important point when 
he emphas i z ed a genera l decrease in tot a l  ca l or i es - - a decrease in fat , 
a decrease in sugar , a decreas e in meat , decrease in egg . The one 
thing he did not mention ,  but I am sure he agrees with me , i s  a decrease 
in al coho l - -
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HEGSTED :  Within l imit s .  

STARE : Within l imit s . This rem inds me that I occas ional l y  ment ion the 
fact that I seldom have any des sert s .  I l ove pumpkin and app l e  p i e  
w i t h  i c e  cream o r  chee s e .  But the reason I seldom have p i e  i s  that I 
do know I have to contro l my caloric intake , and I would rather have my 
calories from a coup l e  of mart ini s  than I wou l d  from appl e  p i e  with 
cheese . This  is  j ust  a persona l choice . 

I woul d  say in concluding my comments that in moderat ion sugars have 
a useful  ro l e  to play in the diet . I do not care whether you are talk
ing about sucrose or fructose or honey or what . I would  define modera
t i on as anywhere from 1 0  to 2 5  percent o f  the total calories , b ecause , 
a ft er a l l ,  that does l eave you with 90 percent or 75 percent of the 
calories to come from meat , rutabagas , m i l k ,  cottage cheese , pea�hes , 
and other things that you might enj oy and that wi l l  provide the 50- some 
nutrients we need to be wel l -nouri shed . I have emphas i z ed the po int 
that eat ing is one of the p l easures of l ife . Why some peop l e  or why 
most of us enj oy sweet tast e ,  I j us t  do not know . 

A s  for denta l  caries , as far as I know the children in Grand Rapids , 
where they have had fluoridat ion as l ong a s  any other p lace , eat the 
same amounts of snacks and sweets as the ch i l dren in Boston , and yet 
they have 60 to 70 percent l ess tooth decay . The reason i s  they have 
had fluoridated water , and we in Boston have not . 

DISCUSSION 

GUSSOW : I get in enough troubl e  when I am properly quot ed , so I do not 
want to be misquot ed on what I said . I did not say I thought most 
chi ldren were gett ing 50 percent of their calories  from sugar . I 
s a id preci se l y  the fol low ing : 

There i s , or was , a t e l evis ion commercial  adverti s ing snack cakes 
to children that showed a chi l d  of about two eat ing a number of  them .  
The amount o f  snack cakes consumed , when I checked the calories , 
represented S O  percent of that chi l d ' s  calories for the day . Those 
snack cakes get  SO percent of their calor i es from fat . So , I was 
not saying that ch i l dren are gett ing SO percent of their calories 
from sugar . 

HOWARD SELTZE R,  Office of Consumer Affairs , HEW : Dr . Stare , ·s ince you 
s eem to be l ess  concerned about the pos s ib l e  del eter ious effects of 
sucro se and some o f  the other sweetener s ,  but you b e l ieve that it 
has a ro l e  to play i f  used in  moderat ion in the diet , I wonder i f  
you would comment on how you fee l  about the stat ing b y  percentage of 
we ight of added sugar both in label ing and pos s ib l y  in advert i s ing . 
I am th inking of  the FTC nutrit ional adv ert i s ing proposa l .  
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STARE : I would be  in favor of  l abel ing re l at ive to sugar . The only 
quest ion that I cannot answer at  this t ime i s  whether th i s  woul d  
s impl y  be  added sugar o r  total  sugar , because as far as I know , the 
effects on hea l th are no different from the sugar that is in bananas 
or oranges or the sugar that may be added to orange j u ice or to 
sl iced bananas when you put t hem on cornflak es . I do th ink it would 
be useful to know - - inst ead of  j ust saying s o  much carbohydrates , 
to have a figure that states so much starch , or so much sugars . 

SELTZER : What about in advert i s ing as wel l ?  

STARE : I would  say yes ,  a l though advert i s ing is  not my bus ines s .  

AHRENS : I think we should  not be l eft with the impres s ion that the 
only t ime we have been abl e  to demonstrate d i fferences between 
sucro se and starch i s  when huge quant i t i es hav e  been g iven . 
Dr . Kraybi l l  ment ioned a study by Robert s that was done on vo lun
t eers in Antarct ica in which no sugars were added . The subj ect s 
were asked to reduce the sugar from what I as sume was ord inary in
take . Five out of 18 vo lunt eers -- again we are deal ing with this  
b io log ical variab i l ity that I referred to -- showed a s ign i ficant 
decrease in their  s erum trig l ycer ides by cutt ing we l l  below 1 0  per
cent of the calories . 

STARE : I do not know the study , so  I real ly cannot comment ; but I 
would  be int erested to know what period of t ime was invo lved and 
what happened to the weight s of these individual s .  

AHRENS : The study was pub l i shed in Lancet . 

HEGSTED : . I wou ld l ike to comment on that . Remov ing a l l  the sugar from 
the d i et i s  not go ing to get us anywhere either . You may th ink it 
would  be des irab l e  to get al l the sugar out of the d i et ,  but l et us 
be reasonab l e  about th i s . We are talk ing about maybe 1 0  percent at 
the lowest l evel , and I th ink moderat ion i s  a l ower l evel  than 
Dr . Stare th inks it i s . But we are talking about moderat e amounts  
rather than none , I am sure . 

KRAYBI LL : There are some comment s that have been made here that con
cern me . We do many ep idemio logical stud i es in many other areas , 
such as cancer . There i s  great concern about col orectal cancer and 
the assoc i at ion with certain di etary component s :  we have thought of 
sugar ; we have thought of meat ; we have thought of salt , in t erms of 
the Japanes e in gas tric carc inoma , and many other thing s . What I 
cannot understand i s  why there is  di fficu l ty in th i s  area when you 
are tal king about sucro se or other absorbabl e  sugars . Why i s  that 
an except ion? 

We make approaches in other fie lds . One way to l ook at thi s 
prob l em i s ,  as i s  done in the pest ic ide area , that you e ither have a 
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cause l ooking for a diseas e ,  o r  a d i s ease looking for a cause . This  
i s  done repeatedl y  in  many other fields . Are there populat ion 
groups around the wor ld where there are higher l evel s of absorbabl e 
sugars intake as compared to other areas where there i s  min imal 
l evel  of  consumpt ion that we can l ook at ep idemiological ly? That i s  
m y  first quest ion ,  if  someone wants to answer it . 

I al so woul d  l ike to ask if  P enn ington ' s  theory as re lated to 
mechan i sms of obes ity is s t i l l in vogue ? 

STARE : No . 

KRAYB I LL : That answers that question ,  because it  was propo sed some 
years ago that peop l e  who got fat had a defi ciency of a coenzyme , I 
think it was pyruv ic ac id conj ugas e .  

BOWEN , Nat iona l Caries  Program : I cannot let Dr . St are ' s  comment s on 
fluoridation pas s by . 

Let us briefly look at what is  neces sary for dental  caries to 
devel op .  You must have a caries  suscep t ibl e tooth , a cariogenic 
flora , and a suitab l e  di etary substrate .  Those of us concerned with 
try ing to prevent dental  caries  bel ieve that each one of those can 
be attacked together , and it is not a quest ion of either/ or . 

We bel i eve that di etary restriction has a ro l e  to play in the 
contro l of dental caries even in those areas where water is fluor i 
dated . The sort of comment that Dr . Stare made - - name l y ,  that 
there is a 60 to 70 percent reduct ion in caries  in Grand Rapids , 
which is inaccurate anyway , and that peop l e  there eat a l l  the carbo
hydrate they wish without risk -- i s  a gross d i s s ervice to the 
publ ic and to those  of  us who are try ing to prevent dental  caries  
through al l ava i l ab l e  means . Imagine the  e ffect i f  dietary restric
t ion i s  pract iced in an  area where the  water i s  fluoridated . 

JOHN P I ETZ , Psycho - Bi odynamics : I was int erested in the comment that 
sugar intake has l it t l e  to do with obes ity . I am wondering i f  that 
is rea l l y  the cas e .  I t  seems t o  me that there have been studies  
showing that a h igh intake of sugar tends to pervert the tast e ,  and 
that you can eat a l ot more of carbohydrates in the form of refined 
sugars than you can in some of the more natura l forms such as honey 
or fruits . I sn ' t  it pos s ib l e  that peop l e  who have a high amount of 
their d i et from refined carbohydrates or sucro s e  cou l d  become obese 
much more eas i l y  from that source of carbohydrate than from honey , 
sorghum, mo las ses , fruit , or any of  the other sources of sugar? I 
wou l d  part icu l arly  l ike to hear from Stare and Gussow . 

STARE : My on l y  comment wou l d  be that I think that i s  the type of infor
mat ion one wou ld read in Prevention . 

GUSSOW : I cannot understand how there would be any di fference in some
thing l i ke honey , which i s  rea l l y  effect ive ly  hydro lyzed sugar with 
some trace nutrient s .  
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P I ETZ : I s  there not a gag refl ex in too much honey that wou l d  t end to 
set a l imit?  

GUSSOW : I wou l d  not know anyth ing about that . I think if  one eat s 
sources of concentrated sugars , which most of the things you men
t ioned are , that it is much easier to overconsume sugar than it is  
i f  one had to eat a sugar beet  or a p i ece of sugarcane or some other 
natural source of  sugar l ike a piece of fruit . I t  i s  very hard to 
consume enough app l es or oranges to get the amount of sucrose you 
get in a candy bar . Whenever you are tal king about a concentrated 
form of refined carbohydrate ,  I do not think you can make that kind 
of  dist inct ion . I do not have any informat ion , but I j ust would  not 
see why it would  make a di fference . 

SVEDA : May I fo l low up on her comment ? An app l e  i s  90 percent water . 
Some fruit s are 95 percent water . To bear you out , you would have 
to eat a tremendous volume to get much sugar . 

MARSHA COHEN : In terms of eat ing up to 2 5  percent of your calories  in 
refined sugar , wouldn ' t  that pres ent - -

STARE : I said " sugars" inc luding the sugar out o f  orange j uice and 
other foods . 

COHEN : But you are not prec luding the fact that under your theory 
peop l e  could choose to eat 2 5  percent of refined sugars , and you 
wou ld st i l l approve of their d i et . 

STARE : Ye s .  

COHEN : You wou l d  approve of that diet?  

STARE : Wel l ,  it woul d  depend on what the other 75 percent i s . 

COHEN : The quest ion I would l ike to ask dea l s  with that other 75  per
cent . Wou l d  it be pos s ib l e  for peop l e  general l y  -- and I am think
ing of  my own s i tuat ion . I am b igger than I should be and I shou l d  
not eat as many calories - - to g e t  a l l  t h e  necessary nutrien t s  out 
of the remain ing 75 percent ? 

STARE : Yes . 

COHEN : I am t h inking of a normal diet , and I am thinking of especial ly 
trace minera l s and iron . 

STARE : Yes , you can . Don ' t  worry . 

GUSSOW : You can do it with probabl y  50 percent sugar , and al l l iver 
and brocco l i .  
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KASHA : Ladies and gentl emen , I wou l d  l ike you to know that at l east by 
tomorrow afternoon the chairman , e ither this one or tomorrow ' s ,  wi l l  
welcome anonymous quest ions from the aud i ence . We have one now : 
" I s  it pos s ib l e  to  ask if there i s  anyone in the audi ence who wou l d  
oppose t h e  percent of sugar l abel ing o n  proces s ed food?" 

UNI DENT I FIED : Wi l l  you accept anonymous answers?  

KASHA : Anonymous answers to anonymous quest ions . 

MI LTON R .  WESSEL ,  Adj unct Professor of  Law , New York Univers ity : I do 
not think that procedure would be fair . Somebody want s to quot e  the 
group as being unanimous . I did not come here to be forced to speak 
in order to avo id being quot ed as part of a unanimous group on 
l abe l ing . 

KASHA : The force of  thi s  quest ion , as I understood i t , i s  to make a 
nonunan imous statement . But I see the other int erpretat ion , too . 

WESSE L :  Why don ' t  you ask what m ight b e  the reasons for not l abel ing? 

KASHA : We cou l d  wel l di scus s that po int . I be l ieve , though , that we 
wi l l  l eave that open unt i l  tomorrow when it is our int ent ion to 
bring up al l examinat ion s  of quest ions . I started out this morning 
by point ing out that this Forum is not here to make recommendat ions 
but to open quest ions . That i s  our intent ion , and I hope we manage 
to do that . 

PAUL KHAN ,  Cont inental Bak ing Company : I do not w i sh to be in oppo s i 
t ion to  percentage l abe l ing . But I think i t  i s  al l very premature 
to say that we must  have regu lat ion or l eg i s l at ion that wi l l  request 
stating the percentage of sugar added to a food , when a l l  we have 
been hearing a l l  day is that none of the broad sweep ing a l l egat ions 
of  the harmfulness of  sugar have real ly been c l earl y  demonstrated in 
a cause and effect re lat ionship , with the pos s ib l e  except ion of den
tal caries . I t  would  not be a surpri s e  i f  the next speaker states 
that the percentage of sugar has l it t l e  re l at ionship to the cario
genicity or the caries- producing capabil ity of  the food in which it 
is contained . 

I am concerned about percentage l abel ing if it  i s  not coupl ed 
with an educat ional effort . We have this experi ence with nutrit ional 
labe l ing r ight now . We might as wel l have put that nutrit ional in
format ion detai l in Greek or Arab ic or some other language that is 
rare l y  spoken . The number o f  peop l e  who understand i t  is infin it es 
imal l y  smal l .  

KASHA : Thank you . Now I would l ike to ho l d  back further questions , 
becaus e we have three more panel members to make statement s .  
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RALPH A .  NE LSON 

I wou ld  l ike to confine my remarks to some personal observat ions and 
data we have co l l ected at Mayo C l ini c  concerning sugar in app l ied c l in
ical nutrit ion , and to pres ent some thought s about grams of sugar con
sumed per k i l ogram of body wei ght in d ifferent popu l at ion groups . 

Hospita l i z ed pat ients receiving total  parenteral nutrit ion ( some
t imes referred to as "hypera l imentat ion" ) v i a  a centra l venous catheter 
near the heart receive g luco s e  as their primary source of calories .  A 
SO-kg pat ient might be g iven 2 , 000 calories per day , and this  wou ld 
mean about SOO g of  glucos e  infused e ach day -- rough l y  10  g/ kg body 
weight . Al though it is v i rtua l l y  impo s s ib l e  to eat sugar at this  rat e ,  
persons whose  intake i s  whol l y  parenteral for a year and more d o  very 
wel l  from a c l in ical  standpo int whi l e  receiving thes e potent sol ut ions . 
Their  health  improves and they gain weight . The evidence  from t h i s  
period impl ies  that high-g lucose feedings are a safe source of calories . 

Sucrose i s  known to have a pos i t ive therapeutic  effect in pat i ents 
with chronic renal d i s ease . One o f  the most out standing devel opment s 
in c l inical  nutrit ion during the past decade has been the use  of con 
tro l l ed protein diets  in treatment for these di sorders . Lowering o f  
prot e in intake reduces  the product ion o f  the end-product s of protein 
metabo l i sm that must be excret ed by the kidney . Accumu lat ion of  these 
end- products produce s the azotemic or toxic  state . When their  produc
t i on i s  reduced to equal the reduced excretory capac ity  of  the k idneys , 
the pat ient fee l s  bett er and begins to l ive a more norma l l i fe .  In  
these pat ient s ,  sucro se decreas es the amount of  end- product s formed 
from prot e in so that there i s  even l es s  to be excreted from a d i et a l 
ready l imited in prot ein . About 3 g sucro se per k i logram of body 
weight in the chron ic rena l d i et has been prescribed . 

However ,  Palumbo , Kottke , Briones , Nel son ,  and Hus e  ( 1 - 3) have 
studi ed more than 1 3 0  men with proved coronary heart d i s ease who had 
been eat ing about l . S  g of sucro se per k i l ogram . (Th i s  informat ion was 
from d i et interviews , and wa s con s idered accurat e in the 40 to SO per
cent of cases where the urinary excret ion of nit rogen was within 2 g of 
c a l cul ated d i etary intak e . )  For the study , 2 g/kg of  sucros e was pre
scribed ; and the increas e of  sucrose intake from l . S to 2 g/kg l owered 
both cho l est ero l and tri g l ycerides in thes e men with coronary heart 
d i s eas e . The calorie  intake was kept constant to ma intain we i ght , be
caus e loss of  body wei ght reduces b l ood fat s rather drast ical l y .  But 
when sucro se was fed at 4 g/kg , wh ich is about the l imit  of what is  
po s s ib l e  to eat , b l ood tr ig l ycerides increas ed moderat e l y  wh i l e  cho l es 
tero l decreas ed . 

My co l l eagues and I concluded , in regard to peopl e with coronary 
heart d i s eas e ,  that it is best they eat 2 g/kg body wei ght of sucrose 
or l ess . Th i s  is in the range of usua l sugar consumpt ion today , 
amount ing to about 4 0  kg (90  lb)  a year . 

We further have been involved w ith the N I H  SCOR study (Spec i a l i z ed 
Center for Research for Atherosc l eros i s) with Dr . W .  H .  Wei dman , a 
pedi atr ic  card i o l ogi st , as the princ ipa l inve s t i gator and P .  A .  Hodgson , 
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M . S . , as nutrit ion i s t . More than 2 , 000 Rochester schoo l chi l dren were 
surveyed and their b l ood l ipids determined ( 4 ) . 

From thi s  group , 1 04 chi ldren were chosen , some from the 95th percen
t i l e  for b l ood cho l e stero l ( 264 mg/ d l ) ,  some from the 90th percent i l e 
( 19 7  mg/dl ) , some from the 50th percent i l e  ( 1 6 1  mg/d l ) , and some from the 
fi fth percenti l e  ( 1 16 mg/ d l ) . The consumpti on of  sugar ,  about 1 0 0  to 1 20 
g/day , and of total calori es , about 1 , 600/day , was s im i l ar in a l l groups . 
Sugar contained about 25 percent of  the total calories . (Sugar was ca l 
cul ated from al l sources , not separated a s  "refined" versus "natura l . ") 

Therefore , we cou l d  not conc lude that dietary sugar was re l ated to 
the l eve l of l ipids in this young popu l at i on group . That is not to say 
that diet cannot be man ipu lated to treat peop l e  with excess  b l ood 
l ipids . Dietary man ipul at ions do work . From the standpo int of nutri 
ent intake , however , i t  was obv ious that sugar (at l east in the diet)  
from a l l  sources did not  seem to  be re lated to the l eve l of b l ood fat s . 

Before summari z ing , l et me d i scus s obes ity briefly . We studi ed 
th in , muscu l ar ,  and obese  chi ldren and found - - as others  have - - that 
obese  ch i ldren ate about the same amount of calories as did thin ch i l 
dren . There were fat chi ldren eating a lot  of calori es , but so were 
there thin chi ldren . We a l so noted that there were thin chi l dren eat 
ing onl y  800 calories , but these too cou l d  be matched with fat chi ldren 
eat ing 800 calor i e s . Obes ity,  unfortunat e l y ,  has become a moral prob
l em (" fat kids choose to eat too much") ; but th i s  att itude is not fair . 
I f  calories are calories ,  l ess  exerc i s e  by obes e  ch i ldren than by thin 
ones st i l l  can l ead to an increas e in body fat . 

Mo st of the t ime and money for phys ical educat ion programs are now 
spent on the few g i fted athl etes . He lp i s  needed to provide exerc i s e  
programs for obese chi ldren a l ong with nongift ed ath l etes . Thi s  and 
nutrit ion counsel ing are important a ids not now g iven as formal treat
ment . 

I n  conc lus ion , I be l ieve there are two general nutrit ion factors 
worth cons idering in l i eu of focus ing on one nutri ent such as sugar in 
our diet . We shou l d  cons ider both protein consumpt ion and total  calo
rie consumpt ion in the  d i et . When protein consumpt ion is  moderat ed , 
fat consumption become s moderat e too . And moderat ion of  tota l  calor i e  
consumpt ion (reduc ing intake as ag ing occurs)  t ends to moderat e carbo
hydrate intake l ikewi s e . 

ROBERT L .  GLASS 

In spi te of the mixed emot ions and mot ivat ions in the group here , there 
seems to be a trend of  agreement on the as soc i at ion between sugars in 
genera l and denta l  caries . Several of the pan e l i s t s  have po int ed thi s 
out , and Dr . Bowen has reminded us that we have known this  for some 
t ime . 

However , there i s  a tendency for peop l e  outs ide of the res earch area 
of denta l  car i es to oversimp l i fy the i ssue . The fact i s  that dental  
caries i s  an extreme ly  comp l ex process , and inst ead of  thinking in 
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terms o f  the o l d- fashioned cha in o f  causat ion concept , one has t o  deal 
with the concept of a web of causat ion . Th i s  web is  most comp l i cated . 
I t  is  very easy to overs imp l i fy and i t  is  very easy to equate on a one
to-one bas is the ingest ion of sugar and denta l  caries  incidence . This 
is not the cas e . 

We should ment ion a l so the fact that certain sugars are associ ated 
with plaque format ion . Dental  p laque forms very rapid ly in the mouth 
even on c l ean teeth . Perhaps , a better expre s s ion for it is  j us t  plain 
gunk , and microorgan i sms l ive  in th i s  gunk or dental plaque . Dental 
p l aque also s tore s the substrate on which the microorgan isms can pro
l iferat e and form acids that are intimate l y  associated with the denta l 
caries process .  Again , I am overs imp l ifying for the sake of brev ity . 

Dental  caries is an intermit t ent diseas e . I n  order to carry out any 
sort of prospect ive study , one needs a l ot of t ime and a l arge amount 
of money . One of the c l as s ic studies  in thi s  part icu l ar fie ld , that 
real l y  shou ld be updated { i f  one cou l d  get it through one ' s  committee 
on human studies ) i s  the Vipeho lm dental  caries study carr i ed out in 
Sweden some 20 years ago . 

There were a number of experimental groups in th i s  study . In  one 
group they fed someth ing in the order of 3 00 grams of sucrose in solu
t ion at mealt ime . The other group that I w i l l speak of , and skip the 
others , i s  a group that got something in the order of 70 or 80 grams of 
sugars in st icky toffees and caramel s  that were fed in between mea l s . 
There was approximate l y  a tenfold  di fference in caries inc idence , with , 
of course ,  the group that had the st icky sweets in between meal s get 
t ing the tremendous increas e in tooth decay , whereas the group that had 
the 300 grams of sucrose in solut ion at meal t ime had a bare ly detect 
ab l e  or measurab l e  increase in tooth decay when compared to the control 
group . 

I t  is  for this reason that it is  not very s c i ent i fic to attack a l l  
sucrose- containing foods as being high l y  cariogenic . I n  fact , some of 
the research that shou ld be  done is an ident ificat ion of the h ierarchy 
of cariogen icity of foods so that we may concentrate on e l iminat ing 
thes e or somehow or other al tering these in our programs of prevent ion .  
Again i t  i s  the st icky , in-between-meal sweets that we shou ld b e  focus
ing on , and not neces sar i l y  al l sucros e  or al l foods conta in ing sugars . 

I was a l itt l e  bit  disappointed that onl y  one of the speakers , most 
of whom are fam i l iar with the prob l em associ ated with dental  caries  and 
sugar , ment ioned fluorides . One part icu l ar method of v i ewing dental  
caries is that it is in part a fluoride-deficiency d i s eas e . 

I t  is  a l so an infect ious di seas e ,  and invest igators at the N at ional 
Inst itute of  Dental Res earch , the Forsyth Denta l  Center , and s everal 
other p l aces have ident ified an organ i sm ,  name l y  streptococcus mutans , 
which i s  int imate l y  associated with p l aque format ion and dental caries . 

Dr . Bowen spoke of a mu l t i p l e  attack on the caries process in order 
to e l iminate it . Many of us bel i eve that denta l caries  could v i rtua l ly 
be e l iminated through a comb inat ion of , for exampl e ,  the fo l l ow ing : 

F luoridat ion is abso lut e l y  bas ic and something that a l l  peopl e  in 
the health field  shou l d  be working for . 
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We wou ld l ike to work with agents that can have some sort of ant i 
bacterial  effect to h e l p  supp lement the prevent ive effect of f luorida
t ion . 

We a l so wou l d  l ike to think in terms of being abl e  to improve the 
oral hyg iene of peopl e .  But this  is extreme ly  difficu l t  and has been 
succes sfu l  on l y  in certain ded icated groups , and it is not a very prac 
t ica l pub l ic heal th measure . Nor i s  it very pract ical to t e l l young
st ers to avo id eat ing candy . You can t e l l them that , but it doesn ' t  
work . I t  did not work w ith my own chi l dren . I t  did  not work in  the 
prevent ive dent i stry programs that I have tried to set up in denta l  
schoo l s  i n  the past , except with a very sma l l ,  h ighly mot ivated group 
of peopl e .  As a pract ical measure , in this regard , i t  seems to me , we 
need to have the devel opment of food addit ives , some of which are a l 
ready being researched , that wi l l  i n  fact neutra l i ze the effect of  sugar 
in those foods that are ident ified as highly cariogen i c . 

Along these l ines , o f  course ,  we need the cooperati on of the Food 
and Drug Admin i strat ion in the approval of I NDs and u l t imately  the 
grant ing of NDAs , assuming that the material  in question is safe and 
effect ive . Thi s  const i tutes a maj or d i fficu l ty . Somebody earl ier 
today asked how the Food and Drug Admin is trat ion might help in thi s  re
gard . I would  urge that it he l p  some of us c l in ical  res earchers in 
thi s  part icu l ar area . 

As I po int ed out before , there are a number of peop l e  here with d i f
ferent backgrounds , di fferent ideas , d i fferent fie lds of res earch , d i f
ferent mot ivations , and di fferent emot ions . I f  some of the do- gooders , 
perhaps I shou l d  say advocates , for exampl e ,  of contro l l ing Saturday 
morn ing t e l ev i s i on for chi ldren , and advocates of food l abel ing and so 
forth woul d  he lp thos e of us who are work ing for fluoridat ion , and 
rea l l y  put the pressure on their  state l eg i s l atures and on peop l e  who 
are spokesmen for the commun ity , they cou l d  do a fine j ob in reducing 
the inc idence of denta l  caries and the fam i l y  dental  b i l l  as wel l . 

RI CHARD L .  VEECH 

I wou l d  l ike to take s l ight i s sue with some of the speakers . F irst , at 
the present t ime , the state of b iochemical knowl edge is such that we 
cou l d  define pretty c l earl y  what in fact contro l s  the rate of fat syn 
thes is . I w i l l discuss  j ust  th i s  aspect - - t h e  contro l of fat synthe
sis -- and l eave as ide the quest ion of  the control of chol estero l 
synthes is . 

I t  is  genera l ly accepted , although there seems to be some confu s ion 
here , that sucrose i s  about the most  l ipogen ic substrate one can use i f  
one i s  int ending to increase the rate o f  fat synthes i s . I wi l l  quote 
on ly from anima l stud i es , as such studies  are not done in humans .  

I f  we feed a rat , l et us say ,  an N I H  diet , we can measure most of 
the parameters that contro l the rat e of fat synthes i s . These are 
rea l l y  on ly two - - the Vmax of fatty acid synthase and the concentra
t ion of mal onyl CoA . We w i l l  l eave aside the question of the control 
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of  acetyl CoA carboxylase . tf we know the mal onyl CoA content , we know 
what acetyl CoA carboxy l ase  is doin g ;  we can then measure the rate of 
fat synthes i s . The rat on an N I H  diet (wh i ch i s  l argel y  starch and 
about 4 percent fat) wi l l  synthes i z e  fat at the rate of 0 . 45 micromo l es 
o f  C2 uni t s  per minute per gram of l iver . I might j ust add that as far 
as we know , in both the rat and in  man , the l iver i s  the main s ite of 
fat synthes i s . Thi s  i s  de novo fatty acid synthe s i s . On thi s  normal 
d i et , the rat ' s  fatty acid synthas e wi l l  have an activity of about 0 . 7  
micromo l es per minute per gram . That is  the maximum he cou l d  synthes i ze ,  
o r  the Ymax of fatty ac id synthas e .  H i s  mal onyl CoA , after meal feeding , 
wi l l  be about 0 . 02 5  micromo l es per gram . 

We can switch th is  an imal ' s  d i et to inc lude 50 percent sucrose . 
That is  twice the normal sucrose intake said to be eaten by young 
Americans . We can feed him starch or glucos e or sucros e  or fructose or 
a mixture of the two for three days . and then we can measure al l these 
parameters . What comes out , l eaving as ide al l the numbers , i s  that 
sucrose increases the act ivity of fatty acid synthase from 0 . 68 to 2 . 6  
micromo l es/min/ g in three days . This  wi l l  rea l l y  quadrupl e  the capaci 
ty o f  the l iver t o  synthes i z e  fat , and it  wi l l  in fact quadrupl e  the 
rate of fat synthes i s  as measured by 3H uptake from 0 . 4 5  �mo les  C 2 
unit s/min/g l iver to 2 . 6  �mo l es/min/ g .  Under these condit ions , sucrose 
is more l ipogen ic than starch,  g l ucos e ,  fructos e ,  or any combinat ion . 

Now a quadrup l ing of the rate of s ynthes i s  of fatty ac id after 
sucro se feeding need not necessar i l y  be refl ect ed in an increase in the 
st eady state l eve l of the b l ood trig l yceride . We a l l real i z e  that 
without an increase in oxidative phosphoryl ation or some burning of this 
fat , something is  go ing to have to be done with thi s  excess  fat pro
duced . So , I th ink the conc lus ion that eat ing a diet compos ed of 25  
percent sucrose i s  benign may be a bit  premature . In fact , more param
eters real l y  need to be studi ed . I think we need to know what the rate 
of synthes is  i s ,  what the turnover rate i s . A mere study of the st eady 
state l eve l s  of b lood l ipids is not necessari ly  going to g ive us the 
answer , if we are asking Dr . Yudk in ' s  quest ion . The relat ionship of 
sucros e  to athero sc l eros is in genera l  is  the quest ion that s eems pert i 
nent here . 

Second , I tend to disagree with Dr . Heg sted and Dr .  Stare when they 
say a l l  calories are equal in the rate of fat synthes is . As they wel l  
know , acetat e ,  butyrate , o r  any ketogen ic  substrate wi l l  not form fat . 
Sucrose real ly  forms fat very much better than glucose , or g lucos e  and 
fructose , in fact any mixture ; and I wou ld  think that cou l d  be substan
t iated . 

Third , in regard to Dr . Newberne ' s  experiment s ,  many of the c l in ical 
studi es are terribly  confus ing , and as Ceci l and Loeb ' s  textbook wou ld 
have said , you must have the prior di etary history . S ince one impor
tant contro l po int is the Vmax of fatty acid synthas e ,  which i s  subj ect 
to dietary induct ion , you must know the prior d i et of the an imal before 
you can draw any conc lus ion . I f  you j us t  grab some peop l e  off the 
street and shove sucrose down them and measure their b l ood l ipids , you 
may or may not find any changes since the Ymax changes in the enzymes 
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take eight hours o r  so . These figures that I am g1v1ng you are aft er 
three days . I f  you test th is after one day , of cours e ,  you find no 
effect of sucrose .  And ,  of cours e ,  one can feed sucrose for 28 or 30 
days ; and then , the quest ion comes up about other dietary defi ci enc i es 
that might change the resu l t s .  

There are many quest ions that can b e  asked on this  subj ect , and we 
have the too l s  to answer them . I think that we are going over a l ot of 
o l der studies that perhaps were not done adequately , when we now have 
the methods to answer thes e quest ions us ing proper too l s . 

My recommendat ion to the FDA wou l d  perhaps be to convene fewer 
expert pane l s  and do more research . (I have heard an expert defined as 
a "drip under pressure" ; s ince I am brought here as an expert I suppose 
I qua l i fy under this  defin ition . ) But I think we have the too l s ,  and 
these are quest ions one can answer . Obvious l y ,  the re l at ionship be
tween the rat e of  fatty acid synthesis  and the proces s  of atherosc l ero 
s is i s  a comp l ex one . I do not think anyone knows exac t l y  the relat ion
ship between b l ood l ipid l eve l s  and atherosc l eros i s , and there is no 
point in arguing about it . 

Thes e  quest ions about what contro l s  the rate of synthe s i s  are very 
wel l known , and I think an understanding of the contro l of cho l estero l 
synthes is is not very far off at a l l . So , my recommendation to the FDA 
wou l d  be to get some good new studies done and you won ' t  need to con
vene panel s  of experts -- the answers w i l l be obvious . 

JOAN D .  GUSSOW 

I th ink that what troub l es me as a nutrit ionist  and as a nutr it ion edu
cator i s  the bas ica l l y  defens ive posture that we are put in relative to 
the food supp l y .  Sugar is j ust a very speci a l  case of a more genera l 
s ituat ion . 

Anyone who wants  to put anything at a l l  in the food supp ly  may do so 
whether or not that item has any ro l e  at a l l  in a food supp l y  that a l 
ready has 1 0 , 000  items . Incidental l y ,  i f  you want t o  know what is  com
ing in , read Advertising Age . There is a new cereal cal l ed Norman 
coming up , and a number of other int erest ing addit ions . 

Anyone who wants to  put anyth ing in the food supp ly  may do so , as 
l ong as it is  made with FDA cert ified chemical s .  There i s  no require
ment that a need be demonstrated for such a product , that the product 
wi l l  do anyone any nutrit ional good , or even that it wi l l  not do them 
harm . I t  is s impl y  free to be introduced into the food supp l y . 

I f  those  of us who are educators wish to make some k ind of move , as 
some of us have , to say ,  "enough al ready , 62  cerea l s  i s  enough , do not 
bring out another one , "  we are told  - - not in effect , but l it era l l y  - 
t o  prove that it wi l l  do harm . 

What we have heard here a l l day l ong is that we cannot even prove 
c l early  that something that is in the d i et at the l evel  of  2 5  percent 
or 30 percent of the total  di et does harm , because we do not have the 
epidemio logic too l s  to do so . So there is  no way of knowing whether 
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that l ast l it t l e  p last ic can of pudding , or that last l itt l e  synthetic 
bread st ick or whatever it  i s  that we are being introduced to , is the 
straw that broke the nutrit iona l came l ' s  back . We are s impl y  on the 
defen s ive , and we have very few weapons .  

I came here today hoping very much t o  hear scientific informat ion 
that would  back me up i f  I went out on the barricades and fought against 
the influx of j unk into the marketp l ace ; that wou l d  give me the confi 
dence of knowing that I woul dn ' t  be c l obbered from beh ind by my sup
po sed a l l i es .  I hoped I wou ld  l earn that I had scientific  support in 
trying to change d i et s . I do not fee l  that I do , and I am sort of de
pressed about that . I mean al l I real ly have is peop l e  say ing , "Yes , 
we agree with you that i f  you make certain kinds of changes in the diet 
that you are tal king about , i t  woul d  not do anybody any harm . "  I guess 
that is what I am go ing to have to go out and t e l l peop l e .  

KASHA : Thank you . I am sure we now are 
tion ,  not of sugars , but of new facts 
our s earch for them tomorrow morn ing .  
attent ion and part ic ipat ion . 

past saturat ion on the absorp
and new ideas . We wi l l  resume 

I thank a l l of you for your 
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WE LCOME 

Donald S .  Fredrickson 
Pres ident 
Institute of Medicine 

On behal f  of the Academy and its  Institute of Medicine , I would  l ike to 
we l come you to the second day of the Academy Forum on sweeteners . 

I was reminded l ast year in London , by a ruddy-faced and tweed 
enwrapped general practitioner from the High l ands , that i t  was Henry 
Fielding who said that the best sweeteners for a cup of tea were " l ove 
and a l it t l e  bit  of scandal . "  

I t  was an appropriate occasion for such a reminder . I was there to 
participate in a debate , which the BBC was fi lming as part of its regu 
l ar controversy series , on the proposition : "Sucrose causes most of 
the ear l y  coronary di sease . "  The affirmative was taken , as  you might 
expect ,  by Profes sor John Yudkin , and I j oined several young Bri t i sh 
phys icians in the negat ive . I t  was a l ong program , he ld in the Royal 
Institut ion and behind the desk where Faraday did h i s  demonstrat ion s . 
During the fi lming , my informant again l eaned over from the gal l ery , 
which was packed with peopl e  who a l l l ooked very much l ike herse l f ,  and 
said , "You know , with regard to  Fielding ' s  prescription ,  now that I 
have gotten so old , I have got to make do with a few lumps of  the ' pure 
white ' mese l f . " 

I do not know whether we won or lost the debate . Thi s  byplay with 
the audience , however , did make me more sympathetic than I had been to  
some aspects of the greater prob l em with which this Forum seeks to deal . 

Peter Hutt , the very ab le  Counsel  of the Food and Drug Administrat ion , 
and I have had a number of smal l discussion s  - - over unsweetened coffee 
-- about the tremendous mandate of the FDA and i t s  l imited resources 
for ful fi l l ing it . For some t ime it has been my view that what the FDA 
must  be concerned with , or what it chooses to be concerned with , has 
too much to do with the excesses of a s e l f- indul gent and over-consuming 
soc iety in re l ation to the industries that profit from these foib l e s . 
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I wou ld l ike t o  see the regu lation o f  those matters turned back t o  the 
principa l s  so that the government can get on with the more important 
matters of hea l th and safety . However , I do not think that many people 
share my v i ew ,  and I do not deny at a l l that the subj ect of thi s  Forum 
i s  an extremel y  important one . Indeed , I am very g l ad that the Insti 
tute of Medi c ine has been ab l e  t o  part icipate i n  one o f  the studies  
re l ated to i t . 

Without any further we lcome , I would l ike to introduce the cochair
man of thi s meet ing and your chairman for today , Dr . Carl Pfaffmann 
from the Rockefe l ler Univers ity . 
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INTRODUCTION 

Car l  Pfaffmann 
Chairman 

My ro l e  and the mechanics of the Forum were we l l - set by Dr . Kasha 
yesterday , so that it is not necessary for me to repeat the genera l 
instructions . In addres s ing the Forum , p l ease identify yourse l f  and 
your institut ion . 

I wi l l  identi fy myse l f  a bit  further . I am , and have been for many 
years , a researcher in the sense of taste , part icu l ar l y  in the psycho
phys iology of taste . Because of thi s , I cannot res i st the opportunity 
of mak ing several remarks .  

Imp l icit  behind the d i scuss ions of these two days i s  the not ion that 
a very strong , bas i c , b i o l ogical drive or mechanism is involved in 
appet ite and feeding , and that the sense of taste , part icu l ar l y  the 
mechani sms that make it pos sib l e  to perceive sweetness , have some un 
usual property in that connection . I ent ire l y  concur with that point 
of view .  Dr . Be id l er ' s  very fine introduct ion indicated something of 
its  nature ; various speakers from the podium and the aud ience have kept 
coming back to that concept . 

What i s  it that makes sweetnes s so p l easant ? I f  you stop to think 
for a moment , it is a very fundamental quest ion about which we have no 
firm knowledge . More broad l y ,  we could ask : What makes any sensat ion 
that i s  p l easant a p l easurab l e  one , and what is  it  that makes  an un
pl easant or avers ive s t imulus that way? These are fundamental quest ions 
that can be app l ied not on l y  to taste stimu l i ,  but to a variety of other 
stimu l i that surround us and that mot ivate behavior . 

I would  l ike to make an addition along the l ine of Dr . Beid ler ' s 
presentat ion , one that we happen to be work ing on in our own l abora
tory . Thi s  i s  the nature of the brain processes that are triggered off 
by s t imu l i  such as sweet once its  specific set of receptors i s  act i 
vated . I am very proud that a young man in my l aboratory has made an 
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important advance on thi s  prob l em .  In  tracing the pathways from the 
brain to the tongue , to the medu l l a ,  to the midbrain , through to the 
thal amus and to the cortex , he found that the c l ass ical , tha l amo 
cort ical proj ection system was on l y  part of the s tory . In  the pons 
there i s  a branch point in the taste system that prev iou s l y  had not 
been recogn i zed ,  or not very wide l y  recogn i z ed ,  al though there were 
spots here and there of ev idence .  Thi s  branch point gives rise  to a 
second taste pathway , pas s ing into the ventral part of the brain , and 
then forward into the l imbic system . Thi s  l atter system i s  the l arge 
fundamental and bas ic  rud iment of the nervous system , control l ing much 
of mot ivation , emot ional behavior , and the experi ences associat ed 
therewith . 

So it seems now that we can add - - at l east as far as brain anatomy 
and phys iology are concerned - - the firs t indications o f  how tas t e  in
formation not on l y  stimu l ates a sensation , but how it al so act ivates 
mechan i sms of appet ite . The l imb ic system and hypotha l amus is the part 
of the brain that l arge l y  contro l s  appetite . Now we can begin to say 
that there is a neural pathway and neural mechani sm that l ie s  behind 
the craving or the des ire for sweet . When you have that kind of funda
mental evidence ,  it changes the quest ion of whether or not we are 
pandering to man ' s  crav ing for the sweet and l ove l y  from a moral i s sue 
to a psychobiological inquiry . We have to deal with a basic , bio l og i 
cal mechan i sm that i s  be ing tapped . 

Thi s  i s  not the first t ime , nor i s  thi s era the first in which sugar 
has been cons idered an evi l  agent . Thi s  i s  we l l -depicted in a cartoon 
appearing in the pub l ic media in 1 79 1  that was ent i t l ed "The Ant i s accha
rites" (Figure 1 ) . The man on the l eft is saying , "0 d e l i c ious ! de l i 
cious ! "  And the l ady i s  saying t o  those present , " 0  m y  dear creatures ,  
do but taste it ! You can ' t  think how n i ce it  i s  without sugar , and 
then cons ider how much work you ' l l  save the poor B l ackamoors by leaving 
off the use of it ! "  The ant i saccharist  movement , of course , was acti 
vated by the obj ect ions to the s l avery that accompanied most of the 
agricu l tural activities  in growing sugarcane , part icu l ar l y  in the 
Bri t i sh co lonies in the West I ndies . "And above al l , "  the l ady goes on 
to say , "remember how much expense it  wi l l  save your poor papa . 0 it 
i s  a charming , cool ing drink . "  The expres s ions  on the faces  of the 
other members of the fami l y  indicate that they are not enthusiastic 
about that proposition .  

Thi s  old  cartoon , which I first encountered in Noe l Deerr ' s  Histo� 
of Sugar , pub l i shed in 1949 by Chapman & Hal l o f  London , seems to be a 
part icu l ar l y  appropriate introduction to the Forum ' s various considera
t ions of saccharin . 
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F I GURE 1 The Ant i s accharites . 
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SACC HAR I N 
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THE QUESTIONS OF BENEF ITS AND R ISKS 

Reg inald F .  Crampton 

Perhaps I shou ld not have to remind such an audience as thi s that in a 
democrat ic soc iety it  i s  recogn i zed that there should be freedom to 
undertake risks  and to accrue personal benefits that might arise as a 
resul t  of undertaking those risks . I t  was that fundamental concept 
that indicated to at least one phi l osopher that democracy was not a very 
good form of government . Socrates postul ated that the inevitab l e  re
sul t  of democracy would be tyranny ,  which , as you know , can take the 
form of e ither personal d i ctatorship or that exerci sed by bureaucracy .  
One might bear this in mind when one i s  talking about the risk-benefit 
ana l ys i s  of any substance , inc luding saccharin . 

One can d ivide r i sks and benefits  into two broad categories . There 
i s  firs t l y  the qua l itat ive assessment . One can say : "Does saccharin 
cause b l adder cancer in man ? P l ease t ick ' yes ' ,  ' no ' . "  " I s  saccharin 
good for fat peop l e ?  P l ease t ick ' yes ' , ' no ' . "  Much of thi s sort of 
as sessment of the risk -benefit , of course , is mot ivated not so much by 
science as by per sonal experi ence and emot ive input . However , to be 
serious about a risk -benefit anal ys i s  one should deal essent i a l l y  with 
quant itat ive data and try to find , no matter how d i fficu l t  it may be , 
some uni t s  in which to expres s  the types of risk and the a l l eged and 
defined benefits . 

So , Mr . Chai rman , I would not ent ire l y  agree with you that such a 
meet ing as thi s  should be devoted to a nonsc ientific and non -data
producing procedure . One often hears that inasmuch as a compound has 
been in use for fi fty years and no one has seen any adverse effect , 
therefore those effects do not , in fact , occur . Now this  may we l l  be 
true of adverse effects that are catastroph i c , where the ident ificat i on 
of them i s  apparent even to the most humbl e  c i t i z en .  But in order to 
val idate that conclus ion I wou l d  suggest that such a statement shou ld 
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have , a s  i t s  bas i s , an active search for speci fi c  effect s  and a l i st of 
data whi ch show that no effects  had been observed -- negat ive data , i f  
you l ike . On that bas i s  I think the statement might have some justifi
cat ion ; but otherwise , apart from acute and catastrophic  epi sode s , I 
do not think i t  has very much . 

I would l ike to put before you the fo l lowing types of benefits : 
direct personal - - subj ect ive and obj ective - - economic ,  techno logical , 
international trade , and regu l atory . Thi s  l i st s  in some rather general 
terms the sort of benefits that might accrue from the use of any agent 
or the adopt ion of any procedure . They are perfect l y  straightforward 
and s imp l e . What I propose to do is to go through thi s  l i st in terms 
of saccharin and to pose some quest ions  and indicate some pos s i b l e  basis 
of answer to them . The l ast two items on the l i st may be a bit  contro
versial , but I wi l l  say more about that when we get to them in the 
d i scuss ion . 

Let us take the personal benefi t s . We heard yesterday that the sub
j ect ive crav ing for sweetness has a phys iological bas i s . I f  sat i s fy
ing thi s  need for sweetness  i s  to ful fi l l  a phys iological requ irement , 
then it  i s  reasonabl e  that it  be regarded as a benefit . The quest ion 
remains as to how to measure the benefit . What sort of  uni t s  of mea
surement can be derived ? The fol lowing data in Tab l e  1 indi cate the 
re l at ive importance of the benefit  as assessed by government . 

Europe , whi ch as you know has near l y  destroyed i t se l f  over the l ast 
80  or 90  years in various stupid ways , has produced as a resu l t  of this  
some interesting data . The two items I would  draw to your attent ion 
are the impact of the two wor ld wars on saccharin product ion in Germany. 
It wou ld be reasonab l e  to as sume that in 1922 and 1 944 the vast maj or
ity of saccharin produced was for human consumption . The importance of 
these data is to demonstrate that when the usual source of sweetnes s  
( sucrose)  i s  d imini shed , an al ternat ive ( saccharin) i s  used . Thi s  
i l lustrates that a government i n  t ime of war , when faci l ities  are 
strained , i s  wi l l ing to recogn i z e  a need and devote t ime , p l anned d i s 
tribution cost s , and s o  on , t o  the sat i s fying of t h i s  need . 

So here , in some general way , i s  a k ind of asses sment in quant ita
t ive terms of the benefits that at least one country ascribed to 
sacchar in . The figures for the U . K .  fol low a s imi lar path . I do not 

TABLE 1 Saccharin Product ion in Germany 

(kg X 1 , 000) 

1 894 30 

1 9 2 2  3 0 0  

1 934 96 

1 944 5 00 

1 965 27 
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have the k i logram o r  tonnage figure s , but a curve plotting production 
against t ime wou l d  be qui t e  s imi l ar to the German one . During the war 
peri od the U . K .  government adopted a s imi l ar pol icy . 

I suggest to  you that sugar , whether sucrose or the other sugars 
d iscussed yesterday, i s  bought by the populat i on for sweetness  rather 
than for i t s  calories . In that respect a comparison of sugar and sac 
charin can be made d irect l y  in t erms of the mot ivat ion that under l ie s  
t h e  purchase of t h e  two . 

In  Tab l e  2 we see that about 5 3  percent of consumers of  art ificial , 
sweetening agents are mot ivated by medical  or paramedi cal reasons . 
Another 1 2  percent come under the heading of "weight watchers , "  a par
t i cular l y  American term .  The remaining 35  percent must be assumed to 
take art i fi c ial sweeteners to augment their sweetnes s  intake and pos s i 
b l y  are mot ivated by economic con s iderations . Such a rough est imate o f  
the types o f  uses o f  saccharin does indicate that i n  some areas o f ,  or 
re l ated to , medical pract i ce , there i s  a use for saccharin , and thi s  
has to  b e  c l as s ified a s  a beneficial use . 

We heard ye sterday about the rol e  of sugar and i t s  re l at i on to four 
maj or categories  of medical prob l ems . I wou ld l ike to make a few com
ments about saccharin in these areas . The first one that comes to mind 
is diabetes me l l itus . As you know the inc idence of thi s i s  in the 
order of 1 . 5  to 2 percent of the populat i on ,  and we won ' t  argue the 
point about how you speci fical l y  define diabetes me l l itus . 

I think there are two quest ions  re l ated to saccharin in d i abetes . 
First , i s  the contro l of d i abetes more read i l y  accomp l i shed i f  one has 
the fac i l ity of using a noncaloric sweetener? The answer to thi s  
question , I wou ld suggest , wou ld  come not from those peop l e  who are 
working on the biochemistry of d i abetes and others seeking to unravel  
i t s  etiological  bas i s , but from those phys icians  who actual l y  run dia
bet i c  c l in i c s , who see the pat ient , who t a l k  about the  t ypes of food 
he eats and how often he eat s them . Thi s  i s  the best source from which 
the most  rea l i st i c  as sessment can be made as to whether saccharin is of 
benefit in the day-to-day management of the diabet ic . The same wou ld 
be true of other noncaloric sweeteners . 

The second question i s  perhaps more open to crit i c i sm ,  as i t  re l ates  
to the qual ity  of l ife . One cou ld  ask i f  the qua l i t y  of l i fe for the 
diabet ic  is improved by the use of noncaloric sweeteners .  I would  sug
gest that diabet i c  doctors themse lves wou ld provide the best answer to 
this  question . Al though one may cri t i c i z e  the idea that the enj oyment 
of food i s  a benefi t , it is a fact that the maj ority of the popu l at i on 
of North America and Europe do , to some ext ent , l ive to eat . 

Another topic  di scussed yesterday was obes ity , and i t  was said that 
the p l ace of nonca l oric sweeteners had been d i sappo int ing in the manage 
ment of obes ity . Neverthe less , i t  i s  true that every t ime someone re
qu ires or desires a sweet cup of  tea or coffee and uses saccharin or , 
in some countries  st i l l , cyc l amat e ,  they are in fact not con suming so 
many grams of sucrose . Perhaps the re l at ive fai lure of the noncalor i c  
sweetener in the management of obes i ty and we ight control l ies  i n  the 
standard of management of the pat i ent rather than in some property of 
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TABLE 2 Art i fi c i a l  Sweeteners 

U . S . A . Cen sus 1 967/68 

Consumed by 2 0  x 1 06 

( I )  Medical , dietary restrict ion 

{ I I )  Weight watchers 

{ I I I ) Not specified 

1 0 . 6  X 1 06 

2 . 4  X 1 06 

7 X 1 06 

the noncaloric sweetener . I t  wou ld be possible  to dev i se experiments 
or surveys that wou l d  g ive some quant itat ive asses sment of the value to 
d ifferent sorts of peop l e  of noncal oric sweeteners in terms of being 
ab l e  to contro l and/or reduce the ir body weight . 

The next subj ect , and one whi ch provoked the l east degree of contro
versy yesterday , is dental caries . Whi le I would support the conc lu
sion that no one s ing l e  preventat ive measure i s  the answer to dental 
caries , some contro l of sugar intake is an important factor . The 
consumption of sugar , depending on the form in whi ch i t  is presented , 
part icu l ar l y  to the chi ld , i s  an etiol ogical factor . There are some 
data on thi s  as a resu l t  of the sugar shortage that occurred in Europe 
during the l ast world war . Part icu l ar l y  in the U . K .  and Scandinav i a ,  
the inc idence of dental caries  d i d  drop remarkab l y .  Thi s  was , i n  a way , 
a sel f-contro l l ed study in that fluorinat ion of water suppl ies  had not 
then been adopted . 

To what extent can one say that the use of saccharin cou ld be of 
benefit in the prevent i on of denta l  caries ? It  i s  d i fficu l t  to answer 
this  question quant i tat ive l y  in the absence of any control l ed tria l s . 
Could , for in stance , the supp ly of sweet products for chi ldren reduce 
exposure to sucrose , assuming that the use of saccharin was compat ib l e  
with safety and consumer acceptance?  These are questions  that cou ld be 
answered by programs of technology and long - t erm consumer research that 
might be operated j o int l y  by industry and government . 

The l ast subj ect was cardiovascular d i sease , and what emerged yester
day was the agreed comp l exity of the interre l at ionships between obesity 
and diabetes , coronary thrombos i s , and hyperl ipemia . 

So one cannot real l y  talk  serious ly about this  prob l em in terms of 
saccharin , in terms of sugar substituti on , in any way that is mean ing
ful .  Yesterday there seemed to be a general l y  agreed conc lus ion that 
no one would be over ly concerned if the consumpt ion of sucrose was in 
the order of 2 g/kg body we ight per day or less . But there was some , 
perhaps almost unspoken , degree of concern that i f  i t  exceeded thi s  
figure by a l arge amount some apprehension wou ld become evident about 
adverse effect s .  

One shou ld ask the sensory phys iologist  i f  thi s craving that every
one agrees we al l have , and for which there is a phys iological 
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exp l anation , does i n  fact have a thresho l d . I know o f  no data indi
cat ing that ind iv idual s  hav ing un l imited acces s  to sweet foods demon
strate any s e l f -imposed l imit on their sweetness  intake . One rather 
assumes that there must be such a l imi t . If thi s  is true , for many 
indiv idual s  i t  i s  certain l y  above the l evel of 2 g/kg body wei ght/day 
of sucrose . The benefits that mi ght accrue by the use of saccharin or 
other agents  to meet the need for sweetness  in exces s  of that l eve l 
have yet to be assessed . 

The rel evant question on economic benefit s ,  the next general head ing 
under types of benefits ,  might be : Woul d  the ava i l ab i l ity of noncaloric 
sweeteners enab l e  the food industry to produce food at l ower cost to 
the consumer? The answer to thi s  question must obvious l y  come from the 
industry i t se l f .  This parti cu l ar quest ion i s  re l evant in those areas 
of the world where l ack of food is not a pre s s ing probl em .  I t  may a l so 
have some re l evance when the price of sugar and i t s  avai l ab i l ity  show 
marked changes , and thi s  has occurred in recent t imes . 

The other aspects of the benefi t s  I can qui ck l y  d i smis s .  The tech
no l ogical benefits , again , I think are a question for industry on 
whether it cou l d  produce better things i f  more bas i c  material s were 
avai l ab l e  to it . The trade and the regul atory benefits I wi l l  pass 
over because the remaining time can be better devoted to some aspects 
of the r i sk factors . Although these wi l l  be covered more ful ly by 
Dr . Coon , d i scuss ing the NAS report on saccharin , there are j ust  two 
observat ion s  I would l ike to make because they are not contained in 
that report . They are re l ated to two studies  that have been carr i ed 
out in the U . K .  by S ir Ri chard Dol l and Dr . Armstrong at Oxford . These 
were epidemiological  surveys , and Dr . Armstrong was k ind enough to g ive 
me permis sion to talk  about them very briefly .  

The first study compared the pos s i b l e  impact of c igarette smoking 
and of saccharin on the incidence of b l adder cancer in popu l at ions  born 
in 1 8 7 0  and thereafter . Brief l y ,  there has been a 36 percent rise in 
b l adder cancer in the mal e , and about 12 percent in the fema l e . The 
investigators ' analysis  of data took as its  bas i c  premise the assumption 
that thi s  increase was due to an envi ronmental agent , to wit  s accharin . 
Did the data support or deny thi s  assumpti on? The conc lus ion reached 
was that there was no evidence to support thi s  as sumpti on ,  but that the 
increas e in b l adder cancer was rel ated to smoking . Th is  study has been 
pub l i shed (Br .  J. �ev. Soa . Med. , 2 8 : 2 33- 240 , 1 9 74) . 

The second study wi l l  be pub l i shed l ater thi s  year . Thi s  i s  a com
pari son of b ladder cancer in diabet ics and nondi abetics . The diabet ic  
mal e  consumes about ten t imes more saccharin than the nondiabet i c ; the 
d i abetic fema l e ,  about two t imes more . I wi l l  discuss the results  very 
briefl y .  F i rst , there was n o  increased inc idence o f  b ladder cancer in 
diabet ics . Second , there was a l ower incidence of b l adder cancer in 
diabet ics , but thi s  was not stat i s t i ca l l y  s i gni ficant . Thi rd ,  diabet ics 
smoked less  than nondiabetics , and the nonsi gn i fi cant l ower incidence 
of  b ladder cancer in d iabet ics wou l d  fit the hypothes i s  devel oped in 
the first paper that c i garette smoking is far more l ike l y  to be an etio
logical  bas i s  of  b l adder cancer than the intake of  saccharin . These 
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conc lusions have some qua l i fi cations , the most important of whi ch i s  the 
assumpt ion that the induct ion period of b ladder cancer if it were 
caused by saccharin woul d  be l ess  than thirty years . 

I n  summary , data do exist  on whi ch one coul d  form some risk-benefit 
analysi s .  More data cou l d  be generated rel at ively easi ly that wou l d  
make the risk-benefit analysis  more comp l et e . Perhaps t h e  most impor
tant quest ion that one shoul d  ask i s  whether the community is w i l l ing 
to accept a rat ional risk-benefit analysis  as a bas i s  for dec i sions . 
And further , i s  the community wi l l ing to support the effort that is  
needed to  develop such analyses ? From a European standpo int it  seems 
that the answer to the l atter question in the United States is no . The 
United Stat es did set up an organi zat ion devoted to thi s end , i . e .  the 
Citi zens ' Comm i s s ion on Science , Law and the Food Supp l y ,  but appar
ent l y  it  has run out of steam only because it  has run out of money . 

F inal l y ,  Mr . Chairman , may I express  my apprec i at ion and thanks to 
the Academy for invit ing me to address you . 

D I SCUSS ION 

PFAFFMANN : I n  view of the fact that we have a set series of substantive 
matters to be presented , I think the comments  on this first pres en
tat ion shoul d  be direct l y  to the substantive i s sue , rather than the 
debatabl e  aspects of the matter . 

DAV I D  KIM,  Mitsui & Company , New York : Dr . Crampton stat ed that in 
re l at ion to obesity , the fai lure in management of the di et may be 
attributed to the pat i ent rather than to some property of saccharin 
i t se l f ;  I woul d  l ike to ask to what data are you attribut ing this 
expl anation . 

CRAMPTON : The point I was trying to make arose from the comments 
yesterday that in spite  of the use of th� noncaloric sweeteners , 
they did not seem very successfu l  in promoting the weight reduct ion 
or weight contro l in individua l s . I t  was suggested that perhaps it 
i s  a psycho l og i ca l  effect . You give saccharin to a person , and he 
feel s  that by taking it he is adopt ing a wei ght -reduc ing reg imen , 
and so he can go ahead and eat al l his  pies  and pastries when he 
gets back home . I f  he does thi s ,  I wou ld suggest that thi s is the 
resu l t  of dietary mi smanagement of the pat ient , becaus e it  is un
doubtedl y  true that for every mi l l igram of saccharin he takes , he is 
sav ing the caloric intake equival ent to 300 mi l l igrams of sucro s e ,  
o r  thereabout s .  I t  was j ust  a s imp l e  way o f  saying that the u s e  o f  
saccharin o r  other noncaloric sweeteners is  real l y  dependent o n  the 
extent to whi ch they were part of a regimen and not an end in 
themselves . 
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TOX I COLOGY 

THE REPORT OF THE 
NAT I ONAL ACADEMY OF SCI ENCES 

Jul ius M. Coon 

I think it can be said in regard to the tox ico logy of saccharin that 
the i s sues are the uncertaint ies , and uncertainty is the main i s sue . 
My ass ignment is to ta lk about the so- cal l ed Academy report ent it l ed 
"The Safety of Saccharin and Sodium Saccharin in the Human Diet . "  I t  
has been emphas i zed that the Forum is  not supposed t o  b e  too sci ent ific ; 
but I have to po int out that this report is  almost purely  a sci ent ific 
document , and in tal king about it , I don ' t  know how I can avo id being 
somewhat sc i ent ific . 

F irst , I want to ent er a few d i s c l a imers . The first is that the 
report I am go ing to talk about is not up to dat e on the saccharin tox 
ico l og ical data . The report was compl et ed in Jul y ,  1 974 . I t  made rec
ommendat ions for further work , some of which was a l ready in progre ss  at 
that t ime and is st i l l  in progress . I hope we wi l l  hear about some of 
that work a l itt l e  later th i s  morn ing . 

Another di sc l aimer is  that the report itse l f  i s  not a l l - inc lus ive . 
At the t ime it was prepared , it did not inc lude a l l  of the tox ico l og i 
ca l data that came t o  the at tent ion of the committ ee . I t  summari z ed 
primari ly the data that made it neces sary to prepare the report in the 
first p l ace . On that bas i s  its  main focus is on the quest ion , I s  
saccharin carc inogen ic?  and even more specifica l ly , I s  saccharin a 
urinary b l adder carc inogen? 

I shou l d  indicate that the charge to the comm it t ee from the Food and 
Drug Admin i strat ion was to det ermine when the experimenta l findings are 
suffi c i ent to con c l ude that saccharin is or is not carcinogen ic when 
admin is t ered ora l l y  to t est an ima l s , and to prepare and submit a report 
to the Food and Drug Admin i strat ion on the s afety of saccharin and 
saccharin sal ts  as they are used in the human d i et . 

1 3 3  
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Dr . Crampton made a historical not e ,  and I wou l d  l ike to make one 
too . Saccharin was di scovered in 1 8 7 9 ,  and it was firs t  used in the 
1 88 0s as an ant i s ept ic  and as a food pres ervative . I t  was in the mid -
1 880s that the material was first us ed b y  diabet ics . I t  was not unt i l  
1 907 that the canning industry in  this country began to develop an in
t erest in sweetening the i r  canned food product s  with saccharin . 

A l itt l e  story has made the rounds in that connect ion . In  1 907 
Dr. Harvey Wi l ey ,  who was Chief of the Bureau of  Chemistry of the 
Department of Agricul ture at that t ime , was advis ing President Th eodore 
Roos eve l t  on the use of  saccharin in canned foods , and in regard to 
canned corn he sai d ,  " Everyone who ate that sweet corn was deceived . He 
thought he was eat ing sugar , when in fact he was eat ing a coal tar prod
uct , tota l l y  devoid of  food value , and extreme ly inj urious to hea l th . " 

I n  response , Pre s i dent Roos ev e l t  said , "You t e l l me that saccharin 
i s  inj urious to hea l th?  My doctor gives it to me every day . Anybody 
who says saccharin is inj urious  to heal th is an idiot . "  

So as long ago as 1 907 saccharin was , so to speak , ful l y  evaluated 
for it s safety . Teddy Roos eve l t ,  of course ,  st i l l  occupie s  a p l ace in 
history as one of the great Pres ident s of the Un ited States , perhaps 
becaus e he usual l y  said what he meant . He proceeded to appo int a board 
of scient ific adv i sors , which several years l ater , in 1 91 2 ,  concluded 
that three- t enths of a gram of saccharin per day was safe and that one 
gram per day may caus e digest ive d i sturbances . The l atter amount today 
is the FDA recommended l imit for the dai l y  consumpt ion of saccharin . 

Saccharin cont inued to be used wide l y ,  with peaks of  use during 
Wor l d  War I and World War I I , throughout the next 60 years , and there 
has yet been no ev idence of inj ury to pub l ic hea l th as a resu l t . The 
committee report emphas izes  that the long- cont inued and widespread use 
of a chemical substance without any harmful  effect s coming to l ight 
does not in i t s e l f  provide proof that it has not produced some subt l e ,  
ins idious , harmfu l  effect . Th i s  concept , o f  cours e ,  app l ies  t o  saccha
rin . But the report al so c l a ims that such apparent abs ence of harm 
should be put in the balance and weighed according l y  in the evaluation 
of safety . 

There are two synthet ic processes  for producing saccharin . One i s  
cal l ed the Remsen- Fahl berg Process , which starts w i t h  toluene as one of 
the react ing material s .  The products from this  manufacturing proce s s  
contain an import ant impurity , which you w i l l hear more about l at er . 
I t  i s  usua l ly referred to as OTS , orthotoluene sul fonamide , and the 
various commerc ial samp l es that have been used i n  mo st of the toxicolog
ical tests contain th i s  impurity in concentrat ions ranging from 1 1 8 to 
6 , 1 00 part s per m i l l ion . The other proces s ,  the Maumee Proce s s ,  does 
not start w ith to luene , but with phtha l i c  anhydride , and the OTS impu
rity amounts  to only 1 to 3 parts per mi l l ion in the commerc ial  product . 
I n  the Rems en- Fahlberg Proce s s  there are other trace impurit i es ,  but at 
the pre sent t ime the main focus of att ent ion is  on the OTS as the maj or 
impur ity . 

Tab l e  1 i l lustrates  certain things that const itute s ome of the main 
i ssues in the prob l em of t he tox icology of saccharin . These data show 
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TABLE 1 Saccharin Carc inogenes i s  Tests - - Rats 2 Yrs ( F
0

- F
1 

Generation 
Feeding ; In  Utero Exposure) 

Lab . ( Date Saccharin No . Rats No . B l adder Tumors I nc idence 
Finished in D i et (% )  Started No . Rat s  (Sex) (%) 

FDA ( 19 7 3) 0 35 1 / 2 5  ( M) 4 

7 . 5  35 7/ 2 3  (M) 32  

0 4 5  0/ 24 ( F) 0 

7 . 5  45  2 / 3 1  ( F) 7 

5 Negat ive (M & F) 0 

WARF ( 1 972)  0 2 0  0/ 1 0  (M) 0 

5 2 0  4/ 1 5  (M) 2 7  

0 20  0/ 1 0  ( F) 0 

5 20  0/ 1 2  ( F) 0 

the re su l t s , in very summary form , of two chron ic toxicity t ests in 
which b l adder tumors were being looked for especi a l l y .  One t est done 
at the Food and Drug Admin is trat ion ( F DA) was fini shed in 1 973 ; the 
other was done at the Wi scon s in Alumni Research Foundat ion (WARF) and 
compl et ed in 1 97 2 . 

The resu l t s  of these two test s  were stat i st ica l l y  pos i t ive as deter
mined by the committee . Not ice the subt it l e ,  in parentheses , which 
says : " Fo- F1 Generation Feeding ; In Ut ero Exposure . "  Th i s  shoul d  be 
emphas i zed becaus e it means that both mal es and femal e s  ( Fo generat ion) 
were fed saccharin from the time they were weaned , and they were mated 
to produce the F 1 generat ion . The females  that became pregnant were 
fed saccharin throughout pregnancy , throughout l actat ion , and during 
the prewean ing feeding o f  the young . Then the weaned an ima l s  were fed 
saccharin throughout their l i fet imes at the di et l eve l s  indicat ed in 
the tab l e . In other words , the an ima l s  in these tests  were conceived , 
devel oped in ut ero , were weaned,  and subs equent l y  l ived throughout 
their  l ives in a sacchar in env ironment . 

I t  w i l l  be not ed that in the percent inc idence column the resu l t s  
are not high l y  s ign i ficant , but they are s ign i f icant enough to warrant 
concern as to the pot ent ia l b l adder tumor genic i ty of saccharin . 

The FDA study was carri ed out at l eve l s  of 7 . 5  and 5 percent in the 
diet . On l y  the ma l e  anima l s fed 7 . 5  percent sacchar in in the d i et 
showed a s ign i ficant l y  greater inc idence of b l adder tumors than d id the 
contro l s . Lower l evel s were a l so fed in each of these tests . 
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I n  the WARF s tudy there was a s ignificant l y  posit ive resu l t ,  again 
only  in the mal es with the 5 percent feeding of saccharin . From the 
resu l t s  of these two studies  it seems apparent that the mal e  is more 
sen s i t ive than the fema l e  to whatever i t  i s  that caused the b l adder 
tumors . 

I n  the FDA s tudy , the OTS impur ity in the saccharin used varied from 
approximate l y  250  to 5 , 000 parts per mi l l ion . I n  the WARF s tudy , the 
OTS impurity ranged from about 2 00 to 370 part s per m i l l ion . 

The int erpretat ion of these resu l t s  i s  d i fficu l t  for several reasons . 
F irst , the wean ing weight s of the an ima l s  in the 7 . 5  percent saccharin 
test were depres s ed up to 20 percent in mal es , and 29 percent in fe
mal es , thus rai s ing suspi cion that toxic  effects may have influenced 
the fina l outcome . Second l y ,  b l adder paras ites or b l adder stones were 
not rul ed out as potent ial  contribut ing factors in the pos i t ive WARF 
test with 5 percent saccharin . Third , the commerci a l  sampl es of sac 
charin used in these two studies  contained 2 00 to about 5 , 000 parts per 
mi l l ion of the OTS impurity ,  which i t s e l f  i s  suspected to produce blad
der stones , which in turn produce b l adder tumors in rat s .  

Tab l e  2 indi cates the worl dwide nature o f  the saccharin t est ing pro
gram , espec i a l l y  in the l as t  four years . Here i t  is  seen that chronic 
tox icity studies have been done in Eng l and , Germany , Japan , Canada , and 
Ho l l and , as wel l as the Unit ed States . 

Emphas i z ed again in this tab l e  i s  the subt i t l e :  " Feeding Started at 
Weaning . "  Since a l l of these studies were negat ive stat i st ical l y ,  the 
di fference between the des ign of thes e  tests  and that of the FDA and 
WARF is cons idered of importance ,  although its  s ignificance i s  not 
ful l y  understood . 

Al l these test s ,  except tho s e  of Shubik  and Go lberg , were done with 
commerc ial  samp l es of saccharin containing the OTS impurity in amount s 
rang ing from about 2 00 to a lmost 6 , 000 part s per m i l l ion . The Litton
Bionet ics study used sacchar in contain ing the highest conc entrat ion of 
OTS impurity , namely  3 , 000 to 6 , 000 parts per m i l l ion . The Shub ik and 
Go lberg studies  were done with samp l es of the saccharin containing on ly 
2 to 3 parts per mi l l ion of the OTS . 

I t  wi l l  be not ed here that there are t en stud i es run at the 5 percent 
l eve l , seven in rat s ,  and three in m ice , a l l of which were stat i s t ical 
ly negative a s  far as b l adder tumors were concerned . Most of the t ests 
were done with sodium saccharin , though the free  acid was used in the 
Litton - B ionet ics Test . Whether or not this di fference has any s ignifi
cance in the chronic toxico log ic evaluat ion of saccharin i s  not known . 

An att empt is  made in Tab l e  3 to prov ide perspect ive as to the con
sumpt ion of saccharin in the United States . The est imate of  5 mi l l ion 
pounds as the total  consumpt ion per year is probab l y  a l it t l e h igh be
cause about a ha l f  mi l l ion pounds are used for nonfood purpo s es . But 
as a rough est imat e the average per capita consumpt ion i s  something of 
the order of 30 m i l l igrams a day . It shou l d  be empha s i z ed ,  however , 
that est imates of averages of this  k ind are rather mean ing l es s  when it 
comes to safety eva luat ion becau s e  we should  be primar i l y  concerned 
w ith how much saccharin is consumed by about the 1 percent segment of 
the popu l at ion that consumes the great est amount . 
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TABLE 2 Saccharin  Carcinogenes i s  Tests (Feeding Started at Weaning) 

Lab . 

F it zhugh 
et a t .  (FDA) 

Les sel  
(Eng l and) 

Roe et a t .  
(Engl and) 

Miyag i 
(Japan) 

Schmal 
(Germany) 

Munro 
(Canada) 

Litton
Bionet ics  

Van Esch 
(Ho l land) 

Shubik 
(Omaha) 

Go lberg 
(Albany) 

Bio-Research 
Insti tute 

FDA 

Year 
Reported 

1 953  

1 959 

1 970  

1 9 7 3  

1 9 7 3  

1 9 7 3  

1 9 7 3  

1 973  

1 97 3  

1 974 

1 9 7 3  

1 9 7 3  

Species 

Rat 

Rat 

Mouse 

Rat 
Mice 

Rat 

Rat 

Rat 

Mice 

Hamster 

Monkey 

Rat 

Mouse 

Rat 

No . in 
Group 

9 MF  

20 MF 

SO F 

54 M 
SO MF 

5 2  MF 

60 MF 

26 MF 
(dup . )  

S O  MF 

30 MF 
in water 

3 MF 

25 M 
(dup . )  
25 MF 
(dup . )  

48  MF 

Max . �. 
in  Diet  

5 

5 

5 

5 
5 

0 . 5  
sac . +cyc . 

5 

5 

0 . 5  

1 .  25  

500 
mg/kg/day 

5 

5 

5 

Durat ion 

24 mo . 

24 mo . 

24 mo . 

28  mo . 
2 1  mo . 

24 mo . +  

2 8  mo . 

24 mo . 

20  mo . 

80 wk . 

6 yr . 
(cont . )  

24 mo . 

24 mo . 

28  mo . 

An approach to such an est imate of  indiv idua l maximum intake rate 
can be bas ed on the consumpt ion of soft drinks in the U . S . , where 70 
percent of the saccharin is  consumed in soft drinks . Surveys have 

1 37 

shown that about 1 2  m i l l ion peop l e  consume saccharin in soft drinks and 
that the top 1 0  percent of  tho se con sumers drink an average o f  42  ounces 
of  soft drinks a day . Thi s  represents about five ord inary bot t l es of 
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TABLE 3 Saccharin Consumpt ion in U . S .  (Proj ected Estimate)  

Total  consumption per year = 5 , 000 , 000 lb 

Ave .  consumption per capita per day = 30 mg 

7 0% of saccharin i s  consumed in soft drinks 

1 2 , 000 , 000 peop l e  consume saccharin in soft drinks 

Top 1 0% drink 42 oz (ave . )  = 365 mg/day 

FDA recommended l imit  1 000 mg/day 

Maximum human consumption 

5% saccharin in rat diet 

0 . 02% saccharin in human diet 

Rat do se 

7 . 5% saccharin in rat diet 

0 . 05% of diet 

0 . 02% of diet 

= 2 , 500 mg/kg/day 

6 . 4  mg/ kg/day = 

= 390 x human dos e  

6 0 0  x human dos e  

s o f t  drink , i n  which there are 3 6 5  mi l l igrams of  saccharin . I t  i s  in
t erest ing that this  is very c lose  to the three- t enths o f  a gram that 
Pres ident · Roos evel t ' s  panel  conc luded was safe in 1 9 1 2 .  

The Food and Drug Admin i strat ion recommended l imit o f  con sumpt ion of 
saccharin is shown here as 1 , 000 mi l l igrams a day , almost t hree t imes 
as much as that est imated as the actua l maximum consumpt ion . S ince 
1 , 000 mi l l igrams constitutes about 0 . 05 percent of the average human 
dai l y  diet the max imum est imated human consumpt ion of  sacchar in then 
const i tut es about 0 . 02 percent of the d i et . Of course it shou ld be 
kept in mind that peak dai ly soft drink consumpt ion by any individua l 
i s  not cont inuous through l ife ; it t ends to be int ermittent , with sea
sona l variations . Whereas 5 percent saccharin in the rat diet i s  equiv
a l ent to 2 , 500 mi l l igrams per k i l o  per day , the 0 . 02 percent saccharin 
in the human diet prov ides about 6 . 4  mi l l igrams per k i l o  per day . Thus , 
the rat do se at the 5- percent l evel in the diet is 390  t imes the max i 
mum human consumpt ion . And a t  t h e  7 . 5 - percent l eve l i n  t h e  rat d i et 
the saccharin intake wou ld be about 600 t imes the human dose . These 
cons iderat ions are summar i z ed in Tab l e  3 .  

Dr . Crampton ment ioned some of the ep idemio l og ical  aspect s of the 
consumpt ion o f  saccharin by diabet ics . It is  usua l l y  as sumed that the 
max imum consumpt ion of saccharin i s  in diabet ics . Thi s is  true from 
t he standpo int of t he durat ion and consistency of the intake , but the 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


1 39 

maximum intake in any given short per iod o f  t ime i s  no l arger in dia
betics than it is  in the top 1 0  percent o f  consumers of saccharin
sweet ened soft drinks . 

Several quest ions , i s sues , and uncerta int ies that were pos ed in the 
saccharin report were fo l lowed by a l i st o f  recommendat ions . I have 
a lready a l luded to some o f  thes e quest ions . F i rst , what is  the s i gn i f
i cance of the impurit i es , or the main impurit y ,  OTS , as far as the 
product ion of  b l adder tumors i s  concerned? Is it poss ib l e  that OTS i t 
sel f  is  respon s i b l e ?  Second , what might be the toxi co l ogical  int erac 
t ion between these impurit ies and sacchar in i t se l f? The prob l em of  t he 
tox icolog ical interact ions between two or more substances i s  encount ered 
frequent l y .  E ither of two substances a l one , for exampl e ,  may have no 
effect but the two together may have a defin ite tox i co l ogic effect . 

Th ird , there i s  the quest ion of  the pos s ib l e  ro l e  of  the b l adder 
cal cul i or the paras it es or both .  Does  5 percent sacchar in in the 
d i et , for examp l e , or the impur ity there in , produc e b l adder calcu l i  
that then produce tumors ?  Or does the prior pres ence o f  the cal cul i or 
paras ites more readi l y  promote tumor format ion when the saccharin or 
i t s  impuri ty is being taken in the d i et ?  

Fourth , a s  far a s  the spec ies  spec ific  histologic charact eristics  o f  
the rat b ladder i s  concerned , t h e  quest ion ar i ses , is  t h e  rat an appro
priate species  for b l adder cancer stud i e s ?  I wi l l  not attempt to an 
swer that que s t ion . Other speakers may comment about t hat l at er . 

F ina l l y ,  the us e of  such h igh l evel s of  saccharin in the d i et appar
ent ly produces general i zed toxic effects , which are refl ected in the FDA 
study at the 7 . 5- percent d ietary l evel by a marked weight defi cit in 
the weaned rats . This const itutes a maj or i ssue in the int erpretat ion 
of the re su l t s  o f  such studies . 

The f ina l conc lus ion of  the sacchar in report was that the resu l t s  of 
the toxicity studies  thus far reported have not estab l i shed conc lusive
ly whether sacchar in is  or i s  not carc inogen ic when admin istered ora l ly 
to test an imal s .  Becaus e that quest ion could not be answered , the 
fo l lowing recommendat ion s for further res earch were made : 

Carc inogenesis  studies  o f  pure impurit ies , especia l l y  OTS 
Carc inogenes i s  study of pure saccharin 
Carc inogenesis  study of  mixtures of  known amounts  o f  saccharin 

and OTS 
Study of interact ion of stones or paras ites in b l adder and 

sacchar in in diet 
Study o f  urine compos it ion as affected by h igh saccharin and 

o f  OTS in diet (Na , pH , etc . ) 
Study o f  s ign ificance o f  parental  and in utero expo sure in 

carc inogenes is  studies  
Cont inued epidemiologic invest igat ions 

I t  is hoped that the resul t s  of  one or more of thes e s tudies  might 
be enough to sett l e  the i ssue one way or the other . Some o f  the in
vest igat ions recommended are a lready in progres s ,  and I hope we w i l l 
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hear of progre ss  i n  some of these studies later today o r  a t  l east in 
the near future . 

DI SCUSS I ON 

KRAYBI LL : Dr . Coon , has any of  thes e laboratori e s  attempt ed to calcu
l at e  out on a week l y ,  mont h l y ,  or annual bas i s  what the concentra
t ion or consumpt ion of OTS or these contaminant s are over the span 
in wh ich thes e an imal s  were fed? 

COON : Do you mean in t erms of  part s per mi l l ion in the food? 

KRAYBI LL : We l l ,  i f  you gave the part s per m i l l ion in the d i et , then 
you wou ld have to go back and f igure out what the intake was , and 
whether anyone had calcu l at ed values for the actua l intake of OTS 
e it her on a month l y ,  annua l bas is , or for the two -year period . May
be this w i l l be answered later . I don ' t know . Maybe I am scooping 
somebody . 

COON : I see that Dr . Grice i s  interes ted in th i s  part icular quest ion , 
so I w i l l  pas s i t  on to him . 

GRI CE : I wi l l  tal k  about that during my presentat ion . 

ROSS HALL , McMaster Un ivers ity : I have a que st ion I wou ld l ike to 
address  to  Dr . Coon . One of the concerns that comes out o f  this 
study i s  t he interact ion between the impurities  and saccharin it sel f .  
But in  t erms o f  the  human experienc e -- and you ment ion that some 
peop l e  are drink ing as much as 42 ounces of soft drinks a day , and 
soft drinks conta in a lot  of other chemical s - - there i s  bound to be 
interact i on between these  chemica l s  and the saccharin and the impu
rit i e s  in the saccharin . I s  there any way in  which soft drinks or 
other foods in wh ich the saccharin is conta ined could be studied , 
in st ead of j ust study ing saccharin by i t s e l f? 

COON : The essence of  the an swer i s  no . I n  connect ion with the inter
act ion prob l em ,  if soft drink or food s of man were us ed as vehic l es 
for sacchar in in an imal studies the concentrat ion of  saccharin in 
thes e foods wou ld have to be so great l y  increased that the true in
teract ion picture would  very l ikely be great l y  distort ed . A l so it 
is a bas ic principle  that it is impo s s ib l e  to  study the tox icologic 
interact ions between j ust two things  when they are added to  food . 
As you j ust  impl ied , there are too many other di etary components 
that may ent er into the picture in po s s ib l e  int eract ions with the 
two substances under study when they are added to  the diet . So it 
is not a s imp l e  matter of  the int eract ion between two things , but a 
comp l ex matt er of the int eract ions among innumerabl e  things . 
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HALL : I n  t erms of the quest ion we are addres s ing ours elves to a t  this 
meet ing , it  seems to  me that the human experience in t erms of  diet 
is very different to  that wh ich your rat s are exposed to in the l ab
oratory , and that if  we are rea l l y  addre s s ing ourselves to the ques
t ion of  whether saccharin is  harmful or pot ential ly harmful in the 
human diet , then somehow or other we s hou l d  be ab l e  to des ign exper
iments  in which this kind of  quest ion can be studi ed , instead of 
j ust studying the saccharin under very precise  l aboratory cond it ions 
in which the diet s  are very di fferent from that of the human experi 
ence . Somehow we have got to bring the kinds o f  diet s t hat humans 
are eat ing into the experimental  s ituat ion in order to answer thes e 
kinds of  que s t ions effect ive l y .  

COON : You mean u s e  a human diet a s  a di et i n  experimental  anima l s ?  

HALL : Wel l ,  why not ?  

COON : I would  ant icipat e nutrit ional difficu l t ies i n  species such as 
the rat and mouse i f  they were fed s imul ated human d i et s  for a l ong 
period o f  t ime . Some animal s ,  such as the dog and monkey , cou ld be 
g iven a diet that i s  much the s ame as the human d i et . 

The study of  Go lberg at Albany ( s ee Tab l e  2 )  has been go ing on 
for about s ix years now and i s  st i l l  cont inuing . In  that study , 
monkeys have been gett ing up to 500 mil l igrams per k i l o  per day for 
s ix years and there has yet been no indicat ion of harmful  effect s  
in those an imal s .  However , I d o  not know how s im i l ar to a human 
diet is the diet  of those  monkey s . That is about a l l  I can say to  
the  que s tion . 

MICHAEL JACOBSON , Center for Science in the Pub l ic I nt erest : I have a 
brief quest ion for each o f  the gent l emen up there . 

Dr . Crampton , you ment ioned a study st i l l  unpub l ished , showing 
essent ial l y  no di fference in the incidenc e of b l adder cancer between 
diabet ics  and contro l s .  Am I right ? 

CRAMPTON : Yes . 

JACOBSON : Were the contro l s  contro l l ed for sex , age ,  race , and al l 
dietary aspects , e specia l ly if  they have protein and carbohydrat e in 
their diet ? 

CRAMPTON : The s tudy has been finished . The resu l t s  wi l l  be pub l i shed 
l ater this year in the Journal  of Preventive and Socia l Medicine , 
and I did not do the work . I suggest that you read the paper when 
it is publ ished . I am not fami l iar with al l the deta i l s  o f  this  
study , but I have tal ked w i th tho se who are . I thought t hat this  
audience would  l ike to hear of the  maj or f inding s .  I am sorry I 
cannot answer your spec ific quest ions . 
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JACOBSON : I am j ust trying t o  get the s ignificance of t h i s  study . 
A l so , d id you recal l from reading it what the l evel o f  s ens it ivity  
was ?  Cou ld i t  have picked up  at  SO-percent increas e of 1 / 1 00 o f  a 
percent increase ,  or roughl y  how sen s i t ive was the s tudy? 

CRAMPTON : I don ' t  know . 

JACOBSON : Thank you . 
Dr . Coon , you fini shed up your t a l k  by ment ion ing that the evi 

dence is  not yet c l ear as to whether saccharin causes cancer i n  an i
ma l s  or does not  caus e cancer in  anima l s . Am I right ? 

COON : Right . 

JACOBSON : As suming that i s  the case , do you bel ieve t hat the use o f  
sacchar in i n  foods shou ld st i l l  be permitted even t hough it s safety 
i s  not proven? 

COON : Do you want my personal opin ion? 

JACOBSON : I gue s s  two opinions : One , your personal one ; another , i f  
you were head of  FDA .  

COON : I cannot imag ine what my att itude would be i f  I were head o f  FDA .  
But m y  persona l opin ion i s  that saccharin i s  safe as it  is  permitted 
to be us ed today . As a member of  t he committee t hat prepared the 
report , I have to  ins ist on scient ific  grounds t hat we do not have 
the ev idence to say whether or not saccharin is a carcinogenic agent 
in t est  an imal s .  

Now ,  in one case I am being a pure scient i st , and in the other 
case , I am stat ing , on the bas is of  my gut fee l ing , that there i s  no 
risk or hazard in the consumpt ion of sacchar in as it i s  used today . 

JACOBSON : I gues s  the spiri t o f  the l aw i s  that safety should  be dem
onstrat ed before it is permitted in the food supp l y .  The way that 
the thrust of  these experiments seems to be go ing is t hat we are 
go ing to have to wait unt i l  we prove that OTS is t he culprit or that 
there i s  some re l at ionship between calcul i and the saccharin . I t  is 
as if we are looking for every po s s ib l e  excu se to keep saccharin in ; 
but I wonder if  it is not pos s ib l y  due to industrial  pres sure to 
cont inue permit t ing its  use in the food supp �y .  

COON : I cannot comment on the industr ial  pres sure factor . But I would 
suggest that when something has been wide ly used for 80 years with
out ev idence of  inj ury to  the consumer , then it shou ld be demon
strat ed to be unsafe before i t  is de leted from the food supp l y .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

S w e e t e n e r s :  I s s u e s  a n d  U n c e r t a i n t i e s .
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 9 8

http://www.nap.edu/catalog.php?record_id=18498


HAROLD C .  GRI CE 

COMMENTARY AND D I SCUSSION 

Haro ld C .  Grice 
Phi l ippe Shub ik 
Ernst L .  Wynder 

As my contribut ion to thi s Forum , I bel ieve it wou ld be useful  and 
informat ive to discuss current and future Canadian research and regu 
l atory concerns a s  they relate  to the NAS report . 

First , I wi l l  briefl y review the regu l at ion s . The Canadian Food and 
Drug Regulat i ons  al low the use of saccharin and i t s  ammonium , calcium , 
and sodium salts  as nonnutritive sweeten ing agent s in certain dietet ic 
foods . Such food s are carbohydrate or calorie reduced to meet the re 
quirement s  of our regu l at ions . 

In addit ion to these re strict ions to the use of saccharin , we have 
l abel requirements  that read as fo l l ows : "A food containing saccharin 
or i t s  sal t s  sha l l carry on the labe l a statement to the effect that it 
contains  a nonnutrit ive art i ficial  sweetener . "  We have another regu l a 
tion that reads : "No person sha l l  se l l  a food contain ing a nonnutrit ive 
sweeten ing agent un less  (a) that food meets  the requirements  for spe 
cial  dietary foods , and (b)  the label carries a statement imp l ying a 
spec ial  dietary use . "  

With reference to spec ificat i ons , our regulat ions  require that sac
charin meet the spec ificat ion s  set out in the Food Chemica l s  Codex . 
Thi s  l imits the amount of  orthoto luene su l fonamide (OTS) to 1 00 part s 
per mi l l ion . Since 1 970 , saccharin has been the on ly nonnutrit ive 
sweetener permitted as a food add i t ive in Canada . Under our drug regu
lat i ons , however , both sacchar in and cyc l amate are permitted . Combina
tions of the two may a l so be sold . A preparat ion containing saccharin 
or i t s  sa l t s  is required to carry a statement on the labe l to the effect 
that it is  a chemical substance without nutrit ive va lue and shou ld be 
used in moderat i on . After careful study of the NAS report , and in l i ght 
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of our current research studies , we have not found reason to further 
restrict use of thi s nonnutritive sweetener at thi s  t ime . 

Now l et us turn to our research studies and try to answer some of 
the ques tions that have come up thi s morning .  We have been involved in 
the ana l ys i s  for impurities  of the saccharin samp l e s  used in the s tud
ies mentioned in the NAS report , inc luding those conducted in the 
United States , Canada , Eng land , the Nether l and s , and Germany . OTS was 
the maj or impurity and was found in amount s  varying from 1 1 8 to 6 , 1 00 
parts per mi l l ion . Other impurit i es were present in cons iderab l y  l e s s 
e r  quant i t i es , some l es s  than one part per mi l l ion . 

The water-solub l e  impurities from saccharin s amples  used in four 
d ifferent animal studies - - at the Heal th Protect ion Branch , FDA , the 
Epp l ey Institut� . and WARF - - are graphica l l y  presented on F i gure 1 .  
The l arge spot in the midd le  of  the chromatogram i s  of sodium saccharin . 
The compound at the top with the Rf of  about 0 . 9  i s  orthotoluene sul 
fonamide . Among water-solub l e  impurities  that we i s o l ated from the 
d ifferent saccharins so far are : o -Toluenesu l fonamide , p -To luenesul 
fonamide , o - Sul famoylbenzoic acid , p -Sul famoylbenzoic acid , 5 -chloro
s accharin , N-Methyl , o - toluenesul fonamide , Ferrous sul fate . At l east 
five more impurities have been i s o l ated , and some of them tentative l y  
identi fied a s  sul fones . 

The resu l t s  of our investigat ions to date do not suggest there was a 
common impurity other than OTS present in a high concentration in the 

Solv. - __---
-
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F I GURE 1 Graphi c  presentat ion of 
the water-solub l e  impurities  from 

� 

i 
saccharin s amp l e s  used in four 
different animal s tudies - - the 

w Hea l th Protect ion Branch (A) , 

t .:::=::- E) FDA (B ) , the Epp l ey Institute (C) , 
..::::::> and WARF (D) . So lvent System : n -� 

Start E§ c:::::> butano l :  95 percent ethano l : C=::> 
H20 (40 : 4 : 9) .  A 8 c 0 
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WARF and FDA sacchar in samp l e s  that w e  have anal yzed . The NAS report 
mentions that orthoto luene su l fonamide was found to be a maj or impurity 
in al l of the saccharins prepared by the Remsen - Fah lberg procedure . I t  
is  interesting t o  note that in the invest igat ions  conducted by Litton 
Bionetics , the German Cancer Institute , and the Nether l ands Nat iona l 
Inst itute for Pub l ic Health , the saccharin samp l e s  contained re lat ive ly  
high amounts of OTS : 6 , 1 0 0 , 3 , 075 , and 5 , 05 0  part s per mi l l ion , re
spect ive l y . The Nether l ands group used saccharin in the free ac id form , 
whi l e  sodium saccharin was used in studies  in the Un ited States and 
Germany . Although the re l at ive amounts  of OTS were h i gher in these 
three studies , no tumors attributed to saccharin treatment were found . 

The amount of saccharin and OTS received by anima l s  in the various 
studies , are presented in Tab l e  1 .  

Here are the mi l l igrams of OTS consumed per rat per day in the 
Hea l th Protect i on Branch s tudy , the WARF study,  FDA , and German Nat i onal 
Cancer Institute . There were three samp l e s  submitted to us for ana ly
sis from WARF and five from FDA . These figures represent the high and 
l ow values of OTS in those samp l es . We do not know when or for how 
l ong the various samp l e s  were fed . Apparen t l y  the h igh samp l e  from 
FDA , that i s , the 8 . 79 mg of OTS/rat/day , was used for the latter few 
months of their study . That i s  to say , the low OTS samp les  were used 

TABLE 1 The Amount o f  Saccharin and OTS in D i fferent An imal Stud i es . 
WARF and FDA Studies Us ed Four and Five Di fferent Lots  o f  Saccharin , 
Respective l y . The Amounts o f  OTS Shown Here are the Lowest and the 
Highes t Amounts o f  OTS Submit ted to us for Ana lys i s  out o f  Three from 
WARF and F ive from FDA . 

Grams o f  
Maximum Saccharin OTS OTS 
Saccharin Consumed Content OTS Consumed 
in Diet  Rat/ Day in Saccharin in Diet Rat/ Day 
( % )  ( 2 5  g food) (ppm) ( % )  (ppm) (mg) 

HPB 5 1 .  2 5  1 1 8  0 . 0 1 2  6 0 . 1 5 

WARF ( 4 )  5 1 .  25  2 1 3  0 . 02 1  1 0 . 6  0 . 26 

5 1 .  2 5  336 0 . 033 1 6 . 5  0 . 4 1 

FDA ( 5)  7 . 5  1 .  87  24 5 0 . 024  1 8  0 . 4 5 

7 . 5  1 .  8 7  4660 0 . 46 34 5 8 . 79 

German 
Cancer 
Inst . 0 . 5  0 . 1 3075 0 . 30 1 5 . 3  0 . 37 
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during t h e  critical periods , i f  you wi l l ,  of pregnancy an d  l actat i on , 
and the ear l y  formative years of  the rat ' s  l i fe .  

I wi l l  now discuss a survey we conducted o f  saccharin impurities  in 
marketed saccharin products . Last year we analyzed for the OTS con 
tent in a number of saccharin - contain ing tab l e  sweeteners manufactured 
or d istributed by 1 5  different companies . These  products obtained on 
the open market in Canada were in the form of tab l ets  (T) , l iquids ( L) , 
crystal s (C) , and b l ends (B) , as shown in the Tab l e  2 .  

Two values for OTS content indicate that the same brand products , 
having two d i fferent l ot numbers ,  were analyzed . In some instances , 
the OTS content between the two l ot s  was almost ident ical , whi l e  at 
other t imes there was a cons iderab l e  difference . 

I wou ld l ike now briefly to cons ider the quest ion of p l acental  trans
fer of OTS and saccharin , their uptake from the neonate from dam ' s  mi lk , 
and the res idence t ime in the neonatal b l adder . The importance of 
p l acental transmi ss ion of saccharin , the s l ow rate of its  fetal  c l ear
ance , and the pos sible  accumul ation o f  saccharin in some t i s sues i s  
briefly ment ioned i n  the NAS report , pages 2 2 , 24 , 25 , 50 , and 5 1 . On 
page 2 2 , it i s  noted that the accumu l ation of saccharin in the b l adder 
of adu l t  rat s is 19 t imes higher after mu l t ip l e  dos ing than after a 
s ing l e  dose . On page 24 , it i s  noted that the s low rate of fetal  c l ear
ance of  saccharin , coupl ed with repetit ive maternal ingestion of  saccha
rin during pregnancy might lead to accumu l at ion in the fetus . 

What about OTS ? Does i t  cross  the placenta?  I t  i s  our understand
ing , from unpub l i shed work in Great Britain , that OTS does cros s  the 
p l acenta . I f  th is  i s  so , does OTS accumu l ate in the fetal b l adder the 
same way that saccharin does ? 

What about the mi l k ?  Saccharin i s  present in dam ' s  mi lk , and we 
have recent ly  determined that OTS is a l so present . What is the res i 
dence t ime i n  the neonatal b l adder of sacchar in and OTS derived from 
dam ' s mi l k? I t  i s  apparent that there are a number of unanswered 
quest ion s  that re late to the pharmacodynamics of saccharin and OTS in 
the neonate and the fetus . 

I wou ld l ike now to briefly out l ine the an ima l studies with saccha
rin and OTS that recen t l y  have been comp l eted or are current l y  underway 
in our laboratories . On page 52 -A of the NAS report , the inhibition of 
carbonic anhydrase i s  mentioned , and Dr . Coon made reference to this 
this  morn ing . The hypothe s i s  for the devel opment of b l adder cancer 
from OTS is that OTS inhibits carbon ic anhydrase in the kidney , increas
ing the excre t i on of bicarbonate .  Thi s  act i on cou ld produce an alka
l ine urine , favoring the product ion of stones in the kidneys and the 
b l adder . Irritat i on from stones over a l ong period of t ime could  pro
duce hyperp l asia  and final l y  tumors . 

Prior to our undertak ing the cancer study , pre l iminary dose range 
finding studies  were in i t i ated in wh ich OTS was administered by gavage 
to pregnant femal e s  from day 1 of pregnancy to day 2 1  after parturition .  
I t  i s  important t o  note that dosage was by gavage , s ince this may we l l  
have aggravated the effects obs erved . Aft er wean ing , OTS was incorpo
rated into the diet o f  the pups , and various l eve l s  were fed up to 250 
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TABLE 2 OTS Found in Saccharin- Containing Tab l e  Sweeteners 

Saccharin° 

a b Content I n  Who l e  
I n  Saccharin

d, e  Samp l e  Type (%)  Product Source of Samp l e  

1 T , Na 1 00 89 89 

2 T , Na 1 00 5 7  5 7 } Same manufacturer , 
3 T , Na 1 0 0  67  6 7  s ame distributor 

4 T , NG 24 377  1 569 

5 T , E , NG 30 1 1 44 38 1 1  

6 T , E , NG 23 589 2561 } Same dist ributor 
7 T , E , NG 40 l O SS 2638 

8 T , E , NG 3 7  1 8 7  505 

9 T , E , NG 1 8  2 1  1 1 7 } Same manufac turer , 
1 0  T , E , NG 1 9  1 4 3  750 different 

dist ributor 

1 1  T , NG 6 7  583  870 

12  T , E , Na 38 2 70
! 

7 1 1 } Same company , 
1 3  T , E , Na 36 1 08 1

! 
3 003 di fferent p l ants 

14 L , NG 2 . 3  544g 544 

1 5  T , E , Na 2 1  1 8 7  890 

16 L , Na 25  98g 98 } Same d i s tributor 
1 7  C , Na 1 00 89 89 

1 8  B , NG 3 . 8  33 855 } Same manufacturer,  
1 9  B , NG 4 . 0  3 . 5  88  di fferent p l ants 

( countries)  

20 B , Ca 3 . 2  6 . 8  2 1 2  

SOURCE : Stavri c , B . , and Kl as s en ,  R . , 0-Toluenesul fonami de in 
saccharin preparat ion , JAOAC,  May 1 9 75 ( in pres s) . 
a

Samp l es identi fi ed by manufacturer and/or dist ributor and a lot number . 
Samp l es 1 6 ,  1 7 ,  and 1 9  had no lot numb er .  
bT ,  tab l et ;  L ,  l iquid ; C ,  crysta l s ;  B ,  b l ends ; E ,  effervescent ; Na , 
sodium s a l t s ; Ca , cal cium sa l t s ; NG , form o f  salts  not given . �accharin cont ent as labe l ed .  

Al l results  repres ent average o f  dupl icate determination and 2 inj ec 
ti ons into chromatograph , except for samp l es 2 and 1 5  where a s ingl e 
det ermination was performed . 
eo-TS in saccharin = o-TS in who l e  product x 100/saccharin content as 
l abel ed . 
!"Approximate va lue , " exp lanati on in text . 
gFor l iquid samp l es : in the evaporat ed materi al . 
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mi l l igrams per ki l ogram per day . The pups were k i l l ed a t  varying t ime 
periods up to 1 05 days of age , and microscopic  examination of the urine 
for s tones was done . 

Histopathol ogic examinat ions of the b l adders and the k idneys were 
carried out . A higher incidence of b l adder stones in al l groups com
pared to the contro l was observed . There were no differences between 
mal e s  and fema l e s . Hyperp lasia of the b l adder epithe l ium was observed 
in anima l s  on the 1 00 mi l l igram per k i logram per day, and 2 5 0  mi l l i gram 
per k i logram per day meal s ,  whi l e  no hyperplasia was seen in the 
females . 

Urinary stones measuring 1 5  to 30 microns in diameter were found on 
a mi l l ipore fi lter after f i l tering the urine . I f  b l adder stones can 
s t imu l ate hyperp l astic change in the rat urinary b l adder , and i f  this 
hyperp lastic change can u l t imate l y  lead to cancer , then the presence or 
absence of stones in the rat b l adder carcinogenes i s  studies should be 
determined . We s impl y  do not know what the ro le  of stones  i s . We do 
not know the residence t ime of  these stones in the b l adder and what 
effect they could  have e ither as a contributing or a d irect cause to 
b l adder carcinogene s i s . 

Because of the resu l t s  of the study I have j ust described , we have a 
s imi l ar study underway using lower doses of OTS administered in the 
diet both to the dams and to the young throughout the ent ire experiment . 
We do not have the resu l t s  of these  studies . 

A chronic study invo lving both the Fo and F1 generat ion has been in 
progress s ince February 1 ,  1 974 , to evaluate the toxicity and carcino
genicity  of OTS and OTS - free sacchar in . The protocol for the F0 , F 1 
generat ions i s  as fo l lows : there are 6 groups - - 50  mal e s  and 50  
femal e s  per  group . Thes e  are contro l , 2 . 5  mg/kg/day OTS , 25  mg/kg/day 
OTS , 250  mg/kg/day OTS , 5 percent saccharin , 250  mg/kg/day of OTS + 
NH4C l  1 percent in drink ing water . S ince OTS i s  a weak carbonic anhy
drase inhibitor , ammonium chloride was added to the drinking water in 
the one group to maintain a s l ight l y  ac idic urinary pH . The saccharin 
used for thi s  study contained 0 . 4  parts per mi l l ion OTS . The Fo genera
t ion has been on test for 58 weeks , and the F 1 generat ion on test for 
38 weeks . To date , mortal i ty in the Fo generation is 4 percent and in 
the F 1 generat ion is l e s s  than 1 percent . No gross tumors of the b l ad
der or  kidneys have been observed in  moribund anima l s  that have been 
sacri ficed . 

Tab l e  3 summari ze s  our research work in re lat i on to the recommenda 
t i ons for research that Dr . Coon ment i oned . The first two recommenda
t ions are being covered in part in the chron ic study that I have j ust 
described . As for the comparat ive studies of the ro l e  of stones and 
paras ites  in the b l adder in the induct i on of b l adder tumors in l abora
tory anima l s ,  the des ign of the chronic study involves examining for 
their presence in fresh , voided , samp l e s  of urine of anima l s  treated 
with OTS and saccharin . 

In studies  of  the change in urine compos i t i on at h igh leve l s  of  sac 
charin intake and the re l at i onship of such changes to the induct i on o f  
b l adder stones o r  calcul i ,  w e  are measuring urinary p H  from OTS and 
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TABLE 3 Summary o f  the Work at  the Hea l th Prot ect ion Branch in  
Re lation to  the  Recommendat ions from the NAS Report 

NAS Recommendat i ons 

Invest i gation of  the quest ion 
of transplacenta l carc inogenesis 
o f  saccharin and its impuri t i es 

I nves t i gat ion o f  the toxicologic 
s i gni fi cance o f  i mpur i t i es in 
commerci a l  sacchar in preparations 

Comparat ive studies of the ro l es 
o f  stones and parasit es in the 
b l adder in the induct ion o f  
b ladder tumors i n  laboratory 
ani ma l s  

Study o f  the changes in the 
urine compo s i t i on at h i gh 
l evel s of saccharin intake and 
of the relation o f  such changes 
to the induct ion of b ladder 
stones or cal cul i 

Hea l th Protection Branch Res earch 

Chron ic toxi city and carc i nogeni city 
study ( Fo- F1 generations) with OTS 
and saccharin has been in progress 
s ince Feb .  1 9 74 

As above 

Examinat ion of fresh voided samp l es 
or  urine of  OTS and saccharin 
treated an ima l s  for the pres ence o f  
stones and paras i t es us ing the 
mi l l ipore fi l ter technique 

Measurement of uri nary pH in OTS 
and saccharin treated rats wh ich 
i s  corre lated to the inci dence of 
b l adder ca l cu l i  

saccharin- treated anima l s , and t h i s  wi l l  b e  corre l ated w i t h  the inci 
dence o f  b l adder calcu l i .  Hopefu l l y ,  our studies  wi l l  therefore answer 
some of the que s t i ons posed in the NAS recommendat ion . 

PH I LI PPE SHUB I K  

I am going t o  direct my rather br ief remarks strict ly  t o  a commentary 
on the report of the Nat ional Academy of Sciences and try to stay within 
that frame as adverti sed in the program . 

I had assumed that everybody in th i s  aud ience would  have read the 
report -- not on ly  have read it , but read it  in detai l ,  have checked i t , 
checked the references , and so forth . But I find to my aston i shment 
that thi s  i s  not rea l l y  the case . To comment on a report that I think 
has not been thoroughl y  d i gested i s  quite d i fficu l t  because of hav ing 
to repeat much that is in it over and over again . 

The toxico l ogical invest igat i on of saccharin may seem to some peop l e  
t o  have been gross l y  exaggerated as an exerc i s e , a misp l acement o f  
emphas i s ,  perhaps a mi suse of  toxico l ogical  resources . And indeed , the 
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recommendat ions o f  the committee o f  the Nat i onal Academy that you have 
heard reported today may appear to be compounding the s i tuat ion by 
recommending that even more studies be performed in addition to the 
vast number already undertaken . Thi s  i s  a matter that was discussed in 
the working sessions before the Forum and one to  which I previous l y  
have given some thought . I t  merits  d i scuss ion . 

I wou l d  l ike to say at the outset that I for one commend the Nat ional 
Academy ' s  committee on their report and hope that the ir recommendations 
wi l l  be acted upon and impl emented to  the ful lest  extent . I be l ieve 
that answers to the questions that have been posed not on l y  wi l l  re 
solve the speci fi c  prob l em before us , but a l so wi l l  be of cons iderab l e  
importance in adding to our bas ic knowl edge o f  t oxicol ogy and wi l l  as 
s i s t  us in the future interpretat ion of probl ems of this  sort . I think 
that thi s  i s  the primary j us t ificat ion for many of the addit ional stud
i e s  that are recommended . 

As a pract ical matter , I happen to  be l ieve that we should not be con 
cerned about the potent ial hazards that may exist  from saccharin . That 
i s  my personal v iew . It i s  a view I would be wi l l ing to state at any 
t ime and for the reasons that I now wou ld l ike to d i scus s . 

First , I think that the epidemiological studies , particu l ar l y  those 
by Armstrong and Do l l  and subsequent studies  by Kes s l er ,  are extremel y  
impress ive . In spite o f  the ques t i ons thi s morning about the detai l s  
o f  those studies , I myse l f  have con s iderab l e  faith in the abi l ity  of 
Richard Do l l  and Bruce Arms trong to undertake studies in which al l the 
various facet s are t aken into cons iderat ion . I think that when these 
studies are read in detai l ,  most peop l e  wi l l  have no d i fficu l t y  in be 
l iev ing in them . 

The fact that an epidemio l ogical study has been done on a food add i 
t ive i n  re l ationship to  i t s  potential  chronic effects i s  a first . I t  
has demonstrated that imaginat ion on the part o f  scient i s t s  wi l l  often 
overcome prob l ems that have been said over and over again to be hope 
less . I had been told  many t imes that it  was extreme l y  un l ikely  we 
would ever obtain any mean ingfu l  epidemiol ogical inte l l igence on the 
chron i c  e ffects  of  food add i t ives . Dol l ,  h i s  coworkers ,  and others 
have demonstrated that thi s  is not so , because in this instance we are , 
I suppose , in a way lucky enough to have a spec ial  popu l at ion of 
diabetics . 

But I think that by no means  should this sort of thing be restr icted 
tb  this one addi t ive . When one start s to think about various other 
addit ives , occupat ional groups , special  groups on various diets of one 
sort or another , there i s  a huge fie ld to be opened up in which a great 
deal  more epidemiology wi l l  be brought to bear on prob l ems deal ing with 
food additives . Thi s  is one of the good spin-offs of thi s study . 

The second reason that I bel ieve that saccharin i s  most un l ike l y  to  
be carc inogen ic i s  that i t  i s  unequivocal l y  not  metabo l i zed . The dat a ,  
now confirmed over and over again b y  some of  the best toxicological  b io 
chemists  in the wor l d , have demonstrated without any question that sac 
charin i s  excreted unchanged . I do not know of a carc inogen that i s  
excreted unchanged , s o  it  seems t o  m e  that it is  most un l ikely  w e  have 
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here an exampl e  of something that i s  ent ire l y  d ifferent from substances 
that we cal l carc inogen i c . 

Third , there are c l earl y  a large series of  negative studies on record , 
and we are faced with having to exp l ain two studies  that are pos i t ive . 
In  the instance of both these studies , first of al l ,  extraord inari l y  
high l eve l s  of material - - part icu l ar l y  when con s idered in terms of the 
embryoni c  rats exposed - - were given to the animal s  subsequent to b irth 
and to  the newborn . The type of exper iment used - - feeding the mothers , 
feeding the newborn , going straight on through - - to  my mind is , in any 
case , a general l y  inappropriate experiment . I be l ieve that without 
doubt many of our studies in toxicology are inadequate in that we do 
not have good data on transpl acental exposure . Exposure of the newborn 
under appropriate circumstances is something we must  have in order to 
make a comp lete dec i s ion .  But I don ' t  think these things should be 
done in a hammer and tongs way in the same experiment . It is comp l ete l y  
impo s s ib l e  to  sort out whether the effect was a transpl acental one , 
whether i t  was an effect on the newborn , or whether it was an effect on 
the adu l t . These three stages of  the exper iment shou l d  be separated so 
that we can ,  in fact , real l y  see what we have done . It is  an experi �  
ment that i s  extraord inari l y  difficu l t  t o  ana l yze from that standpoint . 

Insofar as the l eve l s  are concerned , these  remind one of prior stud 
ies in which very high l eve l s  of material  were fed . In the case of  a 
food additive , MYRJ 45 , po l yoxyethylene stearat e , tested many years 
ago , actual l y  20 percent of the material  was fed in the diet . I t  had 
an impurity in i t , ethy l ene g l yco l , which produced b l adder calcu l i  and 
subsequen t l y  b l adder tumors . The test was he ld  to be inappropriate to  
perform for the material i t se l f  at  this high l eve l . 

The probabi l ity that OTS i s  the o ffending substance in  saccharin is  
made even more probab l e  by the fact that re l ated su l fonamides have been 
shown to produce b l adder calcu l i  and , subsequent l y ,  tumors . In an ex
periment performed re l at ive l y  recent l y  and pub l i shed by a co l l eague of 
mine , Dr . C l ayson , another su l fonamide was shown to have thi s property ,  
which cou l d  b e  inhibited by changing the acidity o f  the urine with 
ammon ium ch l oride . That i s  a s i tuat i on in which a mechan i sm can be 
c l earl y  demonstrated as to why thi s substance does what it  does . Th i s  
i s  a 1 - 2 - 3  bus ines s  i n  which there i s  n o  mystery . I be l i eve that it i s  
more than l ike l y  to suppose that the same sort of s i tuat ion wi l l  ho ld  
true with  saccharin . 

I should  l ike to add one addit i onal caveat to the National Academy 
report . It is my be l ie f ,  in view of the ev idence accumul ated on the 
potent ial  importance of  OTS , that we have been extraordinari ly  remi s s  
to have had on the market a substance w i t h  the l eve l of impuri t ies 
present in saccharin . 

When we undertook a test  several years ago , which was p l anned at the 
National Cancer I n s t i tute with a group of  other peop l e , none of us was 
fami l iar with the fact that saccharin had any impur i t i e s  in i t . Indeed , 
we did not know that there were two pathways of s ynthes i s , and there 
were no proper standards set up for saccharin at that t ime . Had that 
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been the case , the test would have been des i gned properly a t  the 
beginn ing . 

As it  stands now , it  wou ld be my v iew that one thing that should  be  
added to the  recommendat ions i s  that the  l eve l s  of OTS in  saccharin 
should be as l ow as poss ib l e  and that the saccharin with a very l ow 
l eve l of OTS should be the on l y  kind that finds i t s  way to the market 
p l ace . A survey ,  such as that presented by Dr . Grice , shou ld  under no 
c ircumstances ever again demonstrate that we have these enormous l eve l s  
o f  thi s  impurity . 

Last l y ,  the question ari ses as to the meaning of this  sort of car
c inogen in i t s  own right as a carci nogen , the quest ion o f  carc inogen i c 
ity and different sorts o f  carcinogens . Some years ago w e  were faced 
with a s i tuat ion in which a number of food addit ives were tested by 
subcutaneous inj ect i on .  A variety of substances were produced , inc lud 
ing sarcomas . I t  was deemed b y  a wide variety of peop l e  that experi 
ments b y  subcutaneous inj ect i on are not appropriate for food addit ives , 
and I think that was an absolut e l y  correct dec i s ion . 

At a recent meeting o f  a s c i enti fic group at the Wor l d  Hea l th Orga
ni zation ,  i t  was pointed out that there are a var i ety o f  di fferent sorts 
of carc inogens . I think that nobody l ooking at these resu l t s  could  
poss i b l y  equate the  sort of thing one has  with  saccharin and OTS with , 
for examp l e , afl atoxin . Afl atoxin i s  carcinogen ic  in microgram quant i 
t ies . W e  are talking about grams of t h i s  material . Afl atoxin i s  a 
compound that react s  with , for examp l e , nuc l e i c  acid . I t  i s  a carcino
gen that i s  immense l y  powerfu l . Nitrosamines and various other car
cinogens are compounds of  this  sort , which are extreme l y  potent and act 
in very sma l l quant i t i e s . 

Then we come to the other end of  the spectrum . We come to a variety 
of  compounds that are perhaps secondary agent s .  They do not , in fact , 
produce tumors , as far as one can t e l l ,  by act ing direct l y  in the same 
manner . 

Thi s  report of  the World  Heal th Organ i zat i on points out that the t ime 
has come for us to  subdivide carc inogens into di fferent sort s . In the 
instance of a compound that produces tumors via b l adder calculus forma
t ion , it  c l earl y  i s  a compound in which you can qui t e  l ogical l y  deter
mine a l eve l at which act ivity wi l l  occur . You know how to do this . 
The De l aney phi l osophy i s  based on the compounds in which thi s i s  not 
possib l e  and in some instances , I think , is ent ire ly  j us t i fied . But I 
think the t ime has come for us to l ook at carc inogens as individual 
compounds ,  to  l ook at the way they work , and to  not j ust heap every
thing into one great box . The prob l em we face , indeed , i s  the word 
aaPainogen , which in many instances i s  used so loose l y  as to have l ost 
i t s  real mean ing . 

ERNST L .  WYNDER 

As I s at here and l istened to the d i scu s s i on ,  and as I read the very 
exce l l ent report by Dr . Coon and h i s  co l l eagues ,  I reca l l ed something 
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that we used to say in medical schoo l : "Common di seases occur com
mon l y  whi l e  uncommon d iseases are being d i scus sed in grand rounds . "  
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I t  seems to me that we are di scus s ing something , at l east from the 
point of view of epidemi o logy , for which it has been we l l  shown that 
there is st i l l  no evidence that saccharins or other sweeteners re l ate 
to b l adder cancer in man . I f  we had the same conference on tobacco 
and b l adder cancer - - and it has been we l l  estab l ished that one -third 
of a l l b l adder cancers in man relate to  cigarette smoking - - I dare s ay 
that e ither we wou ld not have a conference here or the conference hal l 
would be empty ,  because we , as c i t i zens , rarel y  try to b l ame ourse lves 
for something that goes wrong , but rather l ike to b l ame George . 

In spending our l imited research funds and our l imited research per
sonne l ,  i t  i s  important that we concentrate our efforts on those car 
cinogen s  i n  our society that have the l argest impact on cancer i n  man . 

I t  has been sugges ted that it  i s  the dosage that makes a poison . I t  
seems to me that to  app l y  a l arge amount of material t o  animal s ,  and 
draw from those effects conc lusi ons app l icab l e  to man i s  not a good 
scientific pract ice . At the American Hea l th Foundat ion we use an inter
d i scipl inary approach for cancer research . Chemi sts , biologist s ,  and 
epidemiolog i s t s  s i t  together to l ook at a scient ific prob l em ,  and 
among these , the epidemiologists  reign supreme . I rrespective of what 
you show me in a given animal  that receives a high dose of a carcinogen , 
i f  there i s  no epidemio l ogical  evidence , part icu l ar l y  i f  the evidence 
has been estab l ished over a period of years , the animal data i s  
inconsequential . 

Now , i f  we l ook at the chemistry of saccharin , i t  does not appear to 
be carcinogenic . If we l ook at the high-dose experiments ,  saccharin 
may we l l  produce b l adder tumors ,  as has been shown in rats but not 
necessari l y  in other animal s .  Thi s  may resu l t  from the impuri t ies  we 
have heard about . But you and I have to ask ourselves : "To what 
extent is man a rat ? Are we more l ike a hamster ? Are we more l ike a 
primate?  Or i s  a rat , perhaps because of  the presence of paras ites , 
particu l ar l y  l ike l y  to  form more paras ites , stones , and subsequent l y 
tumors ?" 

But the key , as I said , i s  epidemiology .  It so happens that saccha
rin has been in use for near l y  a century , so it did not come about j ust 
10 or 1 5  years ago , l ike the p i l l ,  where we have a different prob l em .  
Kess ler , in reviewing the epidemio logy o f  diabetes and b l adder cancer , 
showed no corre l at ion . 

I recent l y  discus sed this  subj ect with my fri end , Sir Richard Dol l ,  
in Oxford , and I am reading to you the summary of the paper that he 
produced with Dr . Bruce Armstrong and that wi l l  appear l ater in the 
British JoUl>naZ of Pr>eventive Medicine . 

He conc luded , in a summary : "The frequency with which d i abetes 
me l l i tus was ment ioned on the death cert i ficates of 1 8 , 733  patients 
dying from b l adder cancer has been compared with that of 1 9 , 709 pat ients 
dying from other cancers . "  I am emphasi z ing that we are not deal ing 
with smal l numbers .  
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"The estimated re l at ive risk of b l adder cancers in diabetics  was 
0 . 98 ,  with a 95 percent confidence l imi t . There was no increase in the 
risk of b l adder cancer in pat ient s with diabetes of l ong durat ion . "  

He studied the inc idence of b l adder cancer in individual s  who had 
been diabetics for more than 2 0  years . Diabet ics were shown , by ques 
t i onnaire , t o  consume substantia l l y  more saccharin than nondiabetics , 
and the duration of regu l ar saccharin used by diabet ics was high l y  cor
re l at ed with the durat ion of diabetes . 

There was , therefore , no evidence from this  study that consumption of 
above average amount s  of saccharin had led t o  b l adder cancer in men or 
in women . I t  seems to  me we must l ook at the avai l ab l e  human dat a ,  and 
it i s  un l ike l y  that we wi l l  have a study of this magnitude again for 
some t ime to come . 

In our own studies we have been t aking saccharin data now for some 
t ime . In  the last  140 cases , compared to  280  control s ,  the amount of 
saccharin taken and the number of s accharin t akers was ident ical be
tween study and control group . We have had on l y  two instances where in 
our epidemiological studies we have shown a corre l at ion of diabetes  to 
a given cancer -- kidney cancer in women and pancreas cancer in women , 
but not in man . We concluded in these instances that it had to  do with 
the fat metabo l i sm that re l ates to kidney and pancreat ic cancer , rather 
than with the diabet e s  i t se l f .  

S o  epidemio logica l l y ,  ladies  and gent l emen , we have a t  t h i s  t ime no 
evidence that saccharin re lates to  b l adder cancer in man . 

I wi l l  not talk about the cost -benefit prob lem that was we l l  d i s 
cussed by Dr . Crampton . C l ear ly  w e  have t o  cons ider i n  our final 
evaluation the benefit as we l l  as the cost to soc iety of a sweetener as 
opposed to  sugar . We a l so have to cons ider whether the 1 7  t o  20  per
cent of exces s  calories we get from sugar may have an effect on obesity.  
It  may have an effect on al l those di seases that re l ate to excess  
weight . 

Now what about future work ? Future work , I think , could we l l ,  in a 
very l imited way as we heard from our col league from Canada , concern 
with the impurities  as it re l ates  to the material  in saccharin , and I 
think additional studies  on sweeteners , at l east in my inst i tut e , would 
not be worthwh i l e  to  undertake . 

In the case of epidemiology , I l earned that perhaps we shou ld get 
more data on soft drinks . These have been added to our questionnaire , 
and wi l l ,  in a re lative l y  short period of t ime , because we have a l arge 
team of interviewers throughout the country , we can we l l  answer the 
quest ion whether ind ividual s  that drink more soft drink than others 
have a higher inc idence of b l adder cancer . Obviou s l y  we recogn i z e  
that these data have to be standard i z ed against smoking history , against 
occupat ion s , and whether our data wi l l  show a corre l at i on of fat cho
lestero l  intake t o  b l adder cancer as wel l . 

Our recommendat ions , therefore , wou ld be in l ine with reduc ing the 
impurities  of saccharin as much as we can , and I certain ly agree with 
the Coon report , name l y ,  that there could be a l imit on the amount of 
saccharin that peop l e  shou ld take . Beyond this I wou ld  make no 
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recommendat ion , and I wou ld l ike to  see that we , as a societ y ,  l imit 
the amount o f  research that we do . In conc lus ion , I think that in l i fe 
we strive for the idea l , but we have t o  accept the pos s ib l e . In  scien 
t ific research , it  seems t o  me , w e  ought to  concentrate on those areas 
where epidemiol ogical evidence suggests  that certain factors have the 
greatest impact on human l ife .  

Perhaps what this  society needs are more peop l e  l ike Pres ident 
Theordore Rooseve l t , who inst inct ive l y  may have made the right dec i s ion , 
because in science , as in po l itics , sooner or l ater we must make a 
dec i s ion on the maj ority opinion ; future data w i l l prove whet her we 
have been right or wrong . I f  I had to  make a dec i s ion on saccharin and 
cancer in man on the bas i s  of epidemiolog y ,  I would say that we have 
the data on hand and that no more good wi l l  come out of add i t ional 
dat a . I would recommend t hat we conclude the chapter and concentrat e  
our effort s ,  as  we l l  a s  those of  the Academy , on the factors i n  our 
l i fe that have the greatest impact - - cancer , heart d i seas e , and other 
maj or disease s . 

D I SCUSS ION 

MI LTON \�ESSEL : �1y concern and int erest are in the commun icat ion 
process between sc ience , l aw ,  and the pub l ic .  

My question and comment are directed spec i fical l y  to Dr . Coon 
and Dr . Shubik , but a l so to the Academy as a who l e . I t  is  my opin
ion that a d i s service has been done in the choice of words that 
mean one thing to  those who write them or who speak them to each 
other , but may mean very d i fferent t hings to  the rest of us . 

I hope I can communicate this concern . I t  i s  characteri z ed by 
Shub ik ' s  comment that "the l evel of  OTS in saccharin should be as 
l ow as pos s ib l e . "  I ask him if he can t e l l me what that means . He 
might be ab l e  to define that , but he has not yet done so . I t  could 
cost $20 mi l l ion to reduce i t  down to the one mo l ecu l e  leve l ! 

The Academy report states  that to  resolve the quest ion of  whether 
saccharin is or is  not carc inogenic , "The fol l owing studies  must be 
carried out . "  It does not state , as Dr . Shubik has indicated , that 
al l these studies  are neces sary to advance the state of our genera l 
toxicological learn ing . 

The report i s  a response to a request  for guidance from a regu
l atory agency . Mr . Ronk h imsel f says that he i s  not scient i fi cal l y  
expert i n  t h i s  area . The report present s conc lus i ons that m y  wife 
and chi ldren might interpret as indicat ing that saccharin may we l l 
be a carcinogen ; it has not yet been conc lus ively  estab l i shed . 

Now , the fact i s , as both Dr . Coon and Dr . Shub ik wi l l  te l l  me , 
that i t  i s  impos s i b l e  to  estab l i sh anything conc lus ive l y ;  that when 
these test s are fini shed , it wi l l  not be conc lus ive . Perhaps we wi l l  
have increased our confidence l eve l from 99 . 3  percent to 99 . 6  percent . 
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W e  can d o  $ 2 0  mi l l ion more work with precious resources and get it  
to  99 . 7  percent , and keep on  and on  and on . But that i s  not  what 
thi s  report was directed to in the first p l ace , and it i s  not the 
way I ,  the pub l i c ,  the regulators , or the Congres s wi l l  read it . 

The fact i s  that the Food and Drug Administrat ion has been put in 
a very d i fficu l t  pos i t ion .  I t  has a report that states  that i t  has 
not yet been conc lusivel y  estab l ished that saccharin is not a car
c inogen . The FDA wi l l  be faced with quest ions such as Mr . Jacobsen 
has asked . Dr . Coon , when he is on the witness  stand at the t ime 
the dec i s ion of the FDA , whatever it i s , is appealed , wi l l  be asked , 
"Just what i s  it  that requires conclusive estab l i shment ?" I do not 
think there is recognit ion in the communicat ion of this kind of in
format ion that the quest ions you are deal ing with are not scienti fic 
questions . They have a scient ific component , but they have a very 
l arge publ ic component , and they have to be deal t  with by al l of us . 

When someone says here , "What does i t  tak� to  stop the sale  of 
something because i t  may be a carcinogen?"  I rep l y ,  "What does it  
take t o  stop me  from being ab l e  t o  use that ? "  We  are deal ing with 
two s ides of  an equat ion , the most important part of which in a free 
and democratic  society is the freedom of the individual ,  the freedom 
of the pub l ic to make dec i s i ons . I submit that thi s  report - - a l 
though I recogn i z e  that i t s  toxicological expert i s e  i s  not being 
questioned in any respect - - essent ial ly  is a report to be evaluated 
by a pub l i c  that is not qua l i fied , and that may interpret it as one 
cal l ing for immediate restrictive action . Yet I know that 
Dr . Hand l er ,  Dr . Coon , and probab l y  every qua l i fied scient i s t  in 
this room b e l i eve the exact contrary . 

COON : I think the talk  that we have j ust  heard makes a lot of sense . 
As far a s  the Acad emy committee that wa s charged to do a certain j ob 
i s  concerned , the committee took that charge from the Food and Drug 
Admin istrat ion and tried to accomp l i sh its  miss ion . The committee 
did what it could with the avai l ab l e , scientific informat ion , and it  
gave the FDA the best answer pos s ib l e  on the bas i s  of that dat a .  We 
were not asked to prepare a communicat ion to the pub l ic ,  or to ex
pound or express our sentiment s on socia l , phi losoph ica l , and economic 
i s sues . We were asked a scient i fic question ;  we gave a scient ific 
answer as far as we could with the data at hand , and then made recom
mendat ions as to what further informat ion was needed in order to 
come up with the definitive answer that was origina l l y  requested . 

I would  agree with Dr . Shub ik that the OTS impurity be reduced to 
the l owest pos s ib l e  l eve l . When asked what we mean by lowest pos s i 
b l e  l eve l , w e  could  g o  further and say , "We l l ,  i f  w e  can produce 
saccharin without any OTS in i t , that is fine . "  It wou ld be on the 
basi s ,  I think , of good manufacturing practice , that practice by 
which the lowest pos s i b l e  l evel  of OTS can be ach ieved and st i l l  
produce a commerc ial l y  feas ib l e  product .  

I not ice that Canada has l imited OTS to 1 00 part s per mi l l ion in 
saccharin , and so has the United States through the Food Chemical s 
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Codex . However , the Maumee Process for manufacturing saccharin pro
duce s  a l eve l of on l y  1 to 3 parts per mi l l ion . So I wou ld pose the 
question ,  why not use the Maumee Process as good manufacturing prac 
t ice and produce saccharin by that method? 

SHUBI K :  I think Mr . Wes s e l ' s  comments are we l l  t aken . They are inter
esting , and they make peop l e  think about a lot of things they prob
ab l y  did not think about before they came here that re l ate  to 
changing patterns of approaches in soc i et y .  

I am somewhat surpri s ed that Mr . Wesse l ,  hav ing made the al l ega
t i on that this report i s  not c lear ,  i s  cheered by the audience here 
when most  of you have not read it . I would have thought that before 
you rea l l y  agreed with him that it is not understandab l e  to you , the 
l east you could  have done would have been to sit down and read this  
thing through from beginning to  end . An enormous amount of work has 
gone into i t , and i t  provides a lot of background . It t e l l s  you the 
story , and i t  does go into a lot of detai l s  t hat c l ear l y  Dr . Coon 
and I had no t ime t o  address  ourselves to . 

Mr . Wes s e l  suggests  that this report i s  addressed to the pub l i c . 
Perhaps it i s . I f  i t  i s , it  i s  the wrong kind of report , and I agree 
with him ent ire l y .  A s  far a s  I understood i t , thi s  was a report 
requested by the Food and Drug Admin i strat ion from the Nat ional 
Academy of Science s . The committee addressed themselves specifica l l y 
to a question ,  and to  my mind they answered the ques t ion in a proper 
and scient ific manner , as has been the case in the past . But per
haps things have changed , and perhaps these report s shou ld be 
written in an ent ire l y  different way . 

In addition to that , I woul d  l ike to suggest  that in order for 
the pub l ic to be ab l e  to understand thi s , we should surely  intro 
duce courses in toxicology at our high schoo l s . 

SVEDA : I have three comment s to make : one to Dr . Wynder , one to 
Dr . Fredrickson , and one to Dr . Coon . 

The one t o  Dr . Wynder i s  very succinct . Sir , you are a breath of 
fresh air . We need you . 

The first thing thi s morning , Dr . Fredr ickson , you made a comment 
about Dr . Yudkin . I am in correspondence with Dr . Yudkin I don ' t  
know him personal l y ,  and I don ' t  want to defend him or not defend 
him . Yesterday , h i s  work was talked about quite oft en and actual l y  
denigrat ed , i n  my op inion . A l s o  quest ioned was the work of 
Dr . Cohen in I srae l , with whom I am in correspondence . I dep lore 
the fact - - and I want to go on record , I want this  very carefu l l y  
on record - - that Dr . Yudkin ' s  work was attacked s o  often o r  d i s 
cus sed without h i s  being here to defend hims e l f .  

Now t o  Dr . Coon I have a comment , which i s  scient ific i n  nature , 
I think . Before the break , we were talking about dosage l eve l s  in 
animal s  and in human be ings and that rat s are fed saccharin and 
cyc l amate to maybe 5 percent of the diet . I made this same comment 
on cyc l amates to somebody e l se several years ago . At that t ime , 
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when rat s were being given 5 -percent cyc l amates and some o f  them 
were given grams of cyc l amates , I said : " I  don ' t  obj ect to thi s . 
But then you ought t o  give sugar not on a weight - for-weight bas i s , 
but on a repl acement bas i s , which i s  40  t imes as much . Thi s  wou ld 
mean then that you would  probab l y  feed the rat more than the total 
rat wei ghs . "  I n  the same way , i f  you are going to give 5 -percent 
saccharin to an anima l , then 350 t imes this  makes seven t ime s , or 
whatever it i s , the wei ght of the rat i t s e l f  I am sure . Dr . Wynder ' s  
comment , I think , i s  most  appropri ate . What do these things mean ? 
I s  my point c l ear? 

I think Mr . Wes se l ' s  point i s  very we l l  t aken that we do not make 
these thing s very c lear to the pub l ic . I f  we have some t ime this 
afternoon , I would l ike to  present some demonstrat ion s  that are for 
the pub l ic and wi l l  make some of the i s sues here much c learer . 

PFAFFMANN : Any comment ?  

COON : I t  would obvi ous l y  b e  impos s ib l e , a s  Dr . Sveda imp l ie s , t o  com
pare the toxicity of 5 -percent saccharin or cyc l amate with that of  
a dietary sugar concentrat ion of equiva l ent sweetness . That would 
require a sugar concentrat ion of many t imes more than 100 percent 
of the diet . At dietary leve l s  of sugar that would be t o lerated by 
the test animal s  the sweetness  equivalent amount of  cyc l amate or 
saccharin would be too low for a rigorous toxicity test . Al so , we 
have no idea what the sweetne ss  equival ence is in animal s ,  and it 
might be a l it t l e  di fficu l t  to find out . We know that in man , but 
we don ' t  know it in anima l s .  Furthermore , sweetness  equivalence 
has no re l at ion to toxico l ogic equivalence . 

SVEDA : May I ask one very s imp l e  quest ion? Why in the world does any
body ever eat saccharin or cyc l amate but to rep l ace an equivalent 
amount of sugar? And thi s , I think , bears on Dr . Wynder ' s  point . 
Some of these experiments  are ridicu l ous . 

MICHAEL KASHA : I want to first make a stat ement to Michae l Sveda . I t  
is  c l e ar from the conduct o f  the meet ing that the pub l ic i s  on an 
equal foot ing with the scient ists  on the p l at form , and everyone has 
had a chance to say what they wish here . I a l so wou ld l ike to ind i 
cate that Dr . Yudkin w a s  invited to t h e  Forum and w a s  unab l e  t o  
attend . His  absence was n o t  p l anned . 

I t  seems to me that the confl ict  between the request that we 
heard from the attorney Wes s e l  and the sc ient i st Shubik i s  based on 
perhaps what an Academy report tries to do . I think , as I under
stand this  Academy report , that it  tried to eva luate the val idity 
of a scient ific test ; and although it c l ear l y  showed that the sc ien� 
t i fic test  had some val idi t y ,  it  cal l ed for extensions of the testing 
program to estab l i sh further what the val id bas i s  i s . 

But I think the pub l ic demands more , and I think scient i s t s  are 
not in a posture or in the hab i t  of saying , " I  therefore can t e l l  
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you , the pub l ic ,  that the tests  are final and now you can do any
thing you l ike with this  material ( e . g . , saccharin) . "  Perhaps the 
troub l e  i s  that our setup is  wrong . I t  i s  maybe unfair of the FDA 
to ask a commit t ee of  sc ienti s t s  to  look at some experiment s  and ask , 
"Are they the best , the finest that can be done?" 

For examp l e , what bothers me is , I see 5 mi l l ion pounds of a 
chemical being used by 1 2  mi l l ion peop l e  of tremendous genetic 
heterogeneity , and yet the l aboratory experiments are done on smal l 
co l onies  of SO anima l s o f  se l ected genetic homogeneity . 

So these experiment s ,  as I s ee t hem , are very restricted . The 
sc i ent i s t s  wi l l  be very caut ious about saying that they appl y  to  
the whol e  population .  Perhaps we  l aboratory scient i s t s  should  not 
be the on l y  ones  adv i s ing the FDA . Maybe the FDA should be approach
ing the medical societ ies  saying , "You are the peop l e  who make the 
ethical -medical deci s ions . You are the peop l e  who address  the pub 
l i c . Thi s  i s  what i s  known from l aboratory test s . Then you decide 
from scient i s t s ' work in the l aboratory what human app l icat ions can 
be made and state  whi ch are the po l icies  that should be formu l ated . "  
We are not in the habi t  of making social  dec i s ions as scient ist s ,  
and yet that i s  what i s  demanded o f  us ; I see that a s  a confl ict  
between Shubik and Wes se l . 

WESSEL :  I think we are at the heart of a t errib ly  important point . 
There i s  no confl ict  between Dr . Shubik and me . I admire him great l y .  
What h e  said a few moments ago i s  rea l l y  the cornerstone of what we 
are saying .. 

Times have changed - - and changed radica l l y .  The age o f  consumer
i sm i s  here . Yet we are a l l consumers . No one has the right to say ,  
" I  am the consumer advocate . "  We a l l are part of thi s process . We 
are a l l environmenta l i st s . These i s sues that today are being de
bated here in the Nat ional Academy of  Sciences tomorrow wi l l  be de 
bated on the front or the editorial pages of the New York Times or 
the WaZ Z  Street Journa l ,  and the next day in the courts  and the 
admini strat ive agencies . 

The peop l e  read what you say . You cannot i s o l at e  yourse l f  from 
the community . The d i fficu l t y  is thus in the communicat ion proces s . 
I know what you intend and you know what you intend , because here 
we both are part of  one aspect of the proces s . But then I go into 
court before j uries who are even more l aymen than the informed one s  
who att end thi s  k ind of a meet ing - - b y  several orders of magnitude . 
Words of the k ind used here in their scient i fic context are thrown 
up at me , and there is no way of furnishing the depth of under
standing that you have . I am trying to sugges t  that what Dr . Shubik 
was stating may we l l  be one of the focuses of Academy concern : as 
it  begins to  get more and more into the scient ific component o f  a 
pub l i c  equation , the Academy should  be certain that the scient i fic 
component be s tated in such a fashion that when it gets into the 
pub l ic forum , it wi l l  be adequate ly understood -- as something recom
mended for the purpose , for examp l e ,  of acquiring more informat ion 
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or achieving a greater degree of  confidence and not designed for the 
purpose of reaching a desired safety l eve l . 

ALFRED  HARPER : I wou l d  j us t  l ike to add a comment to  thi s . I fee l  that 
we are in great danger of  fal l ing into  that o l d  American probl em of 
wanting a s imp l e  so lut i on to  a comp l ex prob l em ,  and I think the 
prob l em with food addi t ives is not al l t hat di fferent from the prob
l em with nutritional requirements .  

The peop l e  who are doing the nutritional l abel ing , who are con 
suming food , want a figure for how much they need , and how much i s  
present in what they consume . Frequently  i t  i s  n o t  possible  to do 
this  sol e l y  on the bas i s  of scientific information , and I think the 
s ame thing app l ies  with thi s  prob l em of  food add i tives , carcinogene
s i s , and toxic  reactions . Perhaps it  would be a good idea i f  s cien
t i s t s  themse lves recogni zed more frequent l y  that an e l ement of 
j udgment enters into a deci s ion even when the scientific evidence 
is  very substantial . 

I t  seems to me that thi s  i s  the crux of the prob l em .  There i s  no 
poss ib i l ity of having the pub l i c  understand al l of  the informat ion , 
as Mr . Wes s e l  says . I t  takes exten s ive training to understand and 
interpret a scient i fic report . But i t  shou ld become c l ear after 
the report has been produced , and it has to  serve as a bas i s  for a 
dec i s ion , that somebody has taken the best scient ific evidence avai l 
ab l e ,  used hopefu l ly the best j udgment t hat i s  avai l ab l e , and made a 
dec i s ion , because we cannot go along indefinitely  without making a 
firm deci s ion .  

BERNARD L .  OSER : I was warned that I was t o  be a d i scussant , but I 
have a fee l ing now that anything I might say would  be ant icl imactic . 
There is  .no doubt that despite  al l i t s  great achievement s in the past 
30  to  S O  years , science is fal l ing into di srepute , and part l y  b e 
cause of pub l ic d i sagreement s among sc ient i st s . Thi s  i s  n o t  very 
comforting to consumers .  

I am going to  take  the cue from you , Dr . Pfaffman , and emphasize  
the  uncertaint ies  referred to  in the  t i t le of this  program . We 
shou ld start out by saying that there is no such thing as "no ri sk" 
or " z ero defect s , "  as the term has been used here . In the same 
sense , there i s  no such t hing as absolute safety . The regu l ations 
define safety as reasonab l e  certainty that no harm wou l d  resu l t  
under t h e  cond i t ion s  of use . 

With apologies to  those of my friends on the p l atform and in the 
audi ence who are toxico l ogists , I want to talk  a l i t t l e  b i t  about 
the uncertainties  of toxico logy . Toxico l ogy , as Dr . Wynder pointed 
out , i s  a mul t idiscipl inary science ; but more than that , it  i s  not 
an exact science . Toxico l ogical methodology has advanced cons id 
erab ly in the past few decades . We are paying a great deal more 
attention to soph i s t i cated techniques , more refined procedures ,  not 
on ly  in respect to the number and cho ice  o f  speci es , the s i z e  o f  
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experimental groups , the durat ion of experiments ,  but to the number 
and types of  observat ions that we make . 

In the case o f  h i stopatho logy, years ago b l adders were not even 
examined . The ear l y  reports on cyc l amate and sacchar in described no 
examinat ions of  b l adders . We recogni ze now that there are not on l y  
spec ies  d ifferences but there are strain di fferences i n  anima l s ,  
and the prob l em of ind iv idual variabi l it y .  There i s  the question of 
the effect of prenatal and preweaning nutrition on test animal s .  We 
now emphas i z e  more t he effect s  on reproduction ,  l actat ion , terato
genes i s , mutagenesi s , and so on . 

Al l this has taken p l ace wi thin a re l at ive l y  short span of years . 
I think it  i s  unreasonab l e  to fau l t  scient i st s , either in industry 
or in government , for not taking action on the basis of evidence that 
has on l y  recent ly  been introduced , and in many cases not even con 
firmed . There is  qu ite a d ifference between experimental findings 
and fact s .  There is the subj ect ive e lement referred to a few moments 
ago , invo lving the scient i s t s ' interpretat ion o f  their own and 
others ' find ings . 

Reference was made in the report of the Nat ional  Academy of 
Sciences to addit ional work that needs to be done . Research goes 
on and on , and add i t ional work does indeed need to be done to estab 
l i sh the val idity of i n  utero o r  transp l acenta l  dosage , o n  the que s 
tion of renal calcificat ion ,  b l adder stones , and so on , and on 
factors causing secondary rather than primary carc inogene s i s . These 
are areas of  research that real l y  need to be exp l ored . But meant ime 
we must make dec i s i ons ; and so we make them on the bas i s  of the best 
avai l ab l e  evidence that we have at thi s  t ime , recogn i z ing that they 
are not going to be a l l white or b l ack or neces sari l y  irrevocab l e . 

Dr . Crampton referred to the benefit -r i sk prob l em .  We have to 
cons ider not on l y  the nature of the risk case by case , but the 
degree of risk . By the same token , we have to cons ider the nature 
and the degree of benefit . Who benefit s ?  I s  it the ind iv idual , 
or i s  it  society? And to the t ypes of  benefits  Dr . Crampton men
tioned , economic , techno l ogical , so on , I would  add hedonic benefit s .  
I think that the p l easurab l e  aspects of food are most important and 
often ignored in relat ing risk to benefit . In that connect ion we 
ought to cons ider consumer want s ,  not j ust consumer needs . Who are 
we toxico l ogists  to dec ide consumer preference s ?  Consumers should 
have the choice of  sat i sfying their  wants wi thin the range of safety . 

What this boi l s  down to i s  that these are u l t imat e l y  societal 
j udgment s ,  in which scient i st s ,  toxico logist s , shou ld p l ay a ro l e ,  
but not the sole  ro l e , and others from various segments  o f  soc iety 
who are adequate Zy informed should part icipate in these dec is ions . 

As Dr . Wynder pointed out , where l ong experi ence indicate s  the 
l ack of harm in the use of a substance or of a food or of any other 
environmental  component where safety i s  indicated , one should  be very 
caut ious not to take prec ipitate act ion on the bas i s  of unverified 
conc lusions . Unfortunate l y ,  this  s i tuat ion has occurred , and there 
are those who encourage such premature act ion . 
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In conc lus ion , and in anticipat i on of a ques tion that i s  sure t o  
b e  asked , l e t  m e  say that for reasons s o  we l l  art icu l at ed by 
Dr . Shubik , and underscored by Dr . Coon , I would  go a l ong with the 
view , based not on epidemiological experi ence (of which I have no 
know l edge) but on animal experiment s ,  that both saccharin and cyc l a 
mates are safe under the cond i t i ons that they have been and are 
proposed to be used . I t  has taken enormous doses of thes e  agents  t o  
induce t h e  secondary effects of tumors i n  t h e  b l adders of experi 
mental  an imal s .  I t  shou ld b e  recal l ed that 5 percent in the diet  of  
the wean l ing rat  i s  equ ival ent to 6 grams per k i logram of body 
weight . It has taken these  tremendous doses to induce these tumors , 
not in al l animal s ,  but on l y  in a smal l proport ion of  them . In  some 
cases it was not even agreed among patho logists  whether or not they 
were real l y  mal i gnant . In mos t  cases , the neop l asms were not re 
veal ed except by microscopic examinati on .  They were not gro s s  
tumors , as many seem to  think , an d  a t  l e s s  than t h e  maximum doses , 
they did not occur . So I think that t he preponderance of evidence 
today is that the risk , if  any , under the condit ions of  use of  these 
nonnutrit ive sweeteners i s  minimal , and they should  be regarded as 
safe . 

RITA CAMPBEL L ,  Hoover Institut ion and Stanford Univers i t y  School  of  
Medicine : I am an economist . I came here because I was first 
attracted to  this area as a member of the Nat ional Advisory Drug 
Committee , and I have been p l aying around with cost-benefit analysis  
in drugs and food add i t ives . Dr . Crampton i s  the on l y  speaker who 
even spoke to what I would cons ider a kind of economic approach to 
the mat t er . 

I real i z e  thi s i s  a group of health peop l e , primar i l y  phys icians 
and b io logists . But it  did aston i sh me when I l ooked at the program 
and the l i st o f  part ic ipant s that economists  are not represented , 
even though they do have a theory of dec i s i on-making in face of 
uncertainty -- and uncertainty and l ack of  data are what I l earn 
about in the sc ient ific world . I was very na1ve . I thought the 
data was much hotter than economi s t s  were used to , but it  i s  not . 
I think that i f  you are going to address these types of  pol i cy 
i s sue s , that if even you don ' t  have biostat i st i cians pres ent , which 
al so amazes me , that you should have once in a whi le  an economist 
invo lved in the theoretical  d i scuss i on . 
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BRYAN W I LL IAMS 

HEAL TI-l 

Considerat ions of  the Ins t i tute of 
Medicine Committee on Saccharin 

Bryan Wi l l iams 
Kenneth L .  Me lmon 

I would  l ike to abbreviate my remarks as much as po ssib l e . The 
Institute of Medic ine Committee on Saccharin was asked to con s ider the 
need for the introduct ion of saccharin as a drug should it be removed 
as a food add i t ive . Obvious l y  the turn of event s has made our report - 

t o  use the popu l ar Washington word - - "moot . "  Wh i l e  w e  were primari l y  
concerned with the pos s ib l e  u s e  of saccharin as a drug , w e  thought that 
several of  the i s sues and the uncertain t i e s  that we encountered might 
be of general interest to you . Let me j ust l i st  them rather than dis 
cus s  them . 

The first uncertainty that we encountered was the necess ity to  recon 
st itute the pharmacopoe ia . Saccharin i s  almost our s o l e  remaining agent 
to make some drug s pal atab l e  at the present t ime . Without it , we wou ld 
have to reconst i tute many med i c ines . 

I think now that most  o f  the phys i c i ans in thi s audience would agree 
that it is pos s ib l e  to manage diabet ics  and the obese pat ient without 
saccharin . There i s  no abso lute requirement for thi s  agent in their 
medical management . However , as an intern ist who has been concerned 
with the day-to-day management of pat ient s ,  and in an effort to he lp 
them manage thei r  d i sease s , I wi l l  read i l y  confe s s  that the presence of  
saccharin or anot her art ificial  sweet en ing agent has  made the patient ' s  
l i fe a good deal more tolerab l e . I t  is  of secondary importance that 
the use of saccharin has made my j ob a good dea l easier in helping them 
to manage their  di seases . I think part icu l ar l y  of the j uven i l e  dia
bet ic  who is  under such restrict ion anyway ; the  avai l ab i l ity of  an 
art ificial  sweetener has made the management of that pat ient a good 
deal easier . 
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I wou ld l ike to omit  the rest of my remarks in order that we cou l d  
con sider some very specific i s sues . I would  l ike to  introduce 
Dr . Me lmon and Dr . Navia and Dr . Sebre l l  in that order . 

KENNETH L .  ME LMON 

As a c l in ical pharmaco logist , I was asked to serve on this  committee to  
consider primar i l y  the avai l ab l e  informat ion on saccharin re l ated to 
i t s  usefulness  and acceptab i l it y  as a prescription drug . This  infor
mat ion was to have been con s idered i f  saccharin had been withdrawn as 
a food addit ive . 

In thinking about thi s , I wonder why the task should have depended 
on the food addit ive i s sue . Why consider thi s drug as a prescript ion 
item on l y  i f  i t  were not appropriate as a food addit ive ? Despite what 
appears to me to be a paradox in reason ing in mak ing our ass ignment , 
we approached our task . Just as the Subcommittee on Nonnutrit ive 
Sweeteners of the Food and Nutrit ion Board ' s  Committee on Food Protec 
tion could not have made a j udgment based so l e l y  on the abi l it y  of the 
substance to produce tumors in rat urinary b l adders , I do not th ink 
that our committee would have been ab l e  to j udge whether saccharin and 
i t s  sal t s  product s are useful  as drugs or drug product s  on the bas is  of 
ava i l ab l e  studies . 

Members of thi s  aud ience may al ready know that prescript ion drugs 
are not - evaluated on the bas i s  of the Delaney c l ause , and that they 
c l earl y  are evaluated on the bas i s  of ent ire l y  di fferent l aws that we 
have to work wi thin . Although the chemical s under con s iderat ion were 
avai l ab l e  and on the market about 80 years ago ( and there fore are not 
patentab l e  items and not subj ect to the Harri s - Kefauver amendment s )  I 
be l ieve they should st i l l  be subj ect to the same cons ideration that 
manufacturers wou ld have to give to a new drug being introduced for 
prescript ion use (a l egend drug) . 

The dec i s ion to introduce any chemical as a new l egend drug must  be 
based upon the current requ irements  being met by any new drug . These 
requirements are detai l ed in the 1 962 Kefauver amendment s  to the Food 
and Drug Act . In essence , the amendments state that al l drugs or drug 
products introduced onto the market after 1 962 must pass predetermined 
tests  to estab l i sh both the efficacy and safety of the chemical before 
it can be granted a New Drug App l i cat ion (NDA) . 

Thi s  i s  in contrast to the min ima l requiremen t s  of safety alone for 
the drugs that were introduced before 1 962 . Our committee knew that 
manufacturers probab l y  wou l d  be unwi l l ing to  subj ect a nonpatentab le  
item to the  r igid and expens ive test  criteria of the  Kefauver amend
ment s ,  but we could  find no l ogical or rat ional j u s t i ficat ion for the 
grand father c l ause , which is app l ied to drugs introduced before 1938 . 
I be l ieve we would  have agreed with the recent report of the Office of 
Techno logical As ses sment that the grandfather c l ause has been respon
s i b l e  for some of the prob lems that have occurred when drugs approved 
before 1 938 were used in therapy , and that the c l ause should no longer 
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app l y .  We , therefore , wou ld l ike l y  have recommended that saccharin 
meet the Invest igat ional New Drug and Compendia! standards before being 
introduced as a prescription item .  

We reviewed the report b y  the committee o f  the Nat ional Academy of 
Sciences on the safety  of saccharin . Thi s  report thoroughl y  and accu
rat e l y  reviews the avai l ab l e  data on animal and human pharmacokinet ics  
and the toxicity in areas of reproduct ion ,  teratogenesi s ,  mutagenesi s , 
and carcinogenes i s . I t  conc ludes that the chemical i t s e l f  and even 
common by-product s that are made from saccharin are safe enough to be 
cont inued as food additive s . However , after reviewing what data i s  
avai l ab l e  to  our committee , and without attempt ing to detail  the spe 
cific requirements for t he safety of a chemical under an NDA , we 
point out that much addi tional data on an imal and human pharmacol ogy 
and toxicology is required to meet the present -day standards required 
by the FDA for the passage of an NDA . 

The data on the efficacy of saccharin or i t s  sal t s  for the treatment 
of patient s with obesity , denta l  caries ,  coronary artery di sease , or 
even diabetes has not so far produced a c l ear picture to us of the 
usefu lnes s  of the drug . We rea l i ze that t e s t s  of efficacy have not 
been required for saccharin in the past , and therefore acceptab l e  data 
may yet appear that wi l l  prove efficacy in one or more of the above 
di seases . We did not have t ime to dwe l l  on the toxicity that might 
have occurred when doses sufficient to  influence these d i seases were 
administered . Without we l l -designed studies , which might reveal effi 
cacy , and without s imu l t aneous study of toxicity , which would be con
ducted during admini stration of the drug in repeated doses over l ong 
period s in normal and diseased humans , no a priori dec i s ion s  on the 
suitab i l ity  of saccharin or its contaminants , as prescribed,  cou l d  be 
made by us . 

We d id not have t ime to cons ider whether the alternative sweetening 
agent s have efficacy or toxicity different from saccharin , or whether 
the addi t ion of saccharin to the prescription drugs or diets effect ive l y  
and pos it ive l y  influences pat ient compl iance . There s imp l y  are no 
studies that re l at e  to  these point s .  

We concluded that prescription drugs containing saccharin or i t s  
product s shoul d  be studied before the drugs are rel eased , and that 
addit ional epidemiological informati on shou ld  be sought in Phase IV use 
of the drug , i f  thi s phase ever develops . 

Brief comment can be made concerning the suitab i l ity of saccharin and 
i t s  product s  as over- the -counter drugs . The FDA i s  now reestab l ishing 
the criteria that such drugs must  meet before they are made avai l ab l e  
to  the pub l ic .  Unt i l  the final FDA recommendat ions are made , we fee l 
that if  a drug i s  not approved as a l egend agent , it  shou l d  not be made 
avai l ab l e  to the publ ic in " l ower dosage forms . "  The pub l ic is  not 
l ikely  to be foo l ed by l ow dose preparat ions and wi l l  l earn to use the 
drug in necessary doses , that i s , mu l t ip l e  t ab l et s  or mu l t ip l e  dose s , 
in order to gain the desired effect . .  This wou l d ,  of course ,  be part icu 
larly t ru e  of sweetening agent s .  Thus , prescript ion amount s  of the 
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drug would  be consumed regard l e s s  of the dosage form of  the over-the
counter agent s .  

These opinions c l earl y  have been my own . The committee never came 
out with a sol id recommendat ion ;  such a recommendat ion was never re 
quired of it . However , I do think that it cons idered thi s i s sue we l l  
enough that it  would  have formed a consensus along the l ines that I 
have d i scussed . 
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SWEETENERS AND DENTAL HEALTH 

Juan M .  Navia 

I wou ld  l ike to address  my remarks today to the subj ect of sugar , 
sacchar in , and dental  caries . 

We have di scussed many i s sues in whi ch d ifferent aspects and dif
ferent views have been presented . There i s  one that i s  very c l ear and 
very we l l  documented : the re l at ionship between sugar and denta l  caries . 

No one shou ld  come out of th i s  audi torium without the c l ear under
standing that dental  caries  is  st imu l at ed and enhanced by the abuse and 
improper use of fermentab l e  carbohydrate . I would l ike to  stre s s  the 
point of  abuse and improper use . The moderate con sumpt ion of sugar may 
not rea l l y  present a hazard to the ind iv idual ,  but for those who in
sist on abus ing the use of d i fferent k ind s of sugars we have to  con 
s ider a l t ernat ives and ways to he lp  them . Saccharin may have a ro l e  in 
thi s  s i tuat ion . 

Now , before I say something about saccharin , l et me say something 
about dental  caries , because we have not had much opportunity to  d i s 
cu ss thi s oral d i sease . Repeated l y  w e  have agreed that i t  i s  a heal th 
prob l em re l ated to  sugar int ake , but we have gone over i t  very qu ick l y .  
Several characteri s t ic s  o f  dental  caries  shou l d  b e  understood . F irst 
o f  a l l ,  i t  attacks main l y  chi ldren . F i fteen -year-olds  frequen t l y  have 
fi fteen or more teeth that are decayed , m i s s ing , or fi l l ed ,  and that i s  
very sad . I t  not on l y  att acks ch i l dren , however . Older peop l e  have 
gingival rece ssion ,  exposure of the cementum and dent ine ; they a l so are 
subj ect to dental  caries . 

I t  affect s a l arge number of peop l e .  More than 9 0  percen t  o f  our 
popu l at i on i s  subj ect to t h i s  di sease . I t  i s  painfu l , i t  i s  d i sfigur
ing , and it  is cost l y .  There is no way that we can cope with thi s  
health  prob l em w i t h  the resources and numbers of  profe s s i onal peop l e  
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avai l ab l e  today . So the onl y  way to approach the prob l em i s  by pre 
venting dental caries rather than by treating the disease . 

I t  i s  a d i sease that i s  st imu l ated by the excessive intake of fer 
mentabl e  sugars , but it i s  not a nutrit ional deficiency . I t  i s  not a 
deficiency of fluoride . F luoride i s  an important agent in increasing 
the res i stance of enamel surface to d i s solut ion of i t s  mineral compo
nent s , but it  i s  not a l ack of fluoride that produces dental  decay . We 
should think , therefore , not onl y  in terms of increasing the res i stance 
of  the tooth , but al so in terms of reducing the caries cha l l enge to 
which these enamel surfaces are exposed . 

Another important factor i s  that the di sease has a mu l t ifactoral 
etiology .  In other word s ,  it is determined by the interaction between 
three factors , of which d iet , part icu l ar l y  fermentab l e  ingredient s in 
the d iet , i s  one ; second l y ,  the host factors ; and third l y ,  the micro
flora , which i s  the specific agent that attacks the tooth . 

Of al l of the se ,  diet i s  most important . F irst of al l ,  it  affects 
the tooth before erupt ion . Sound nutrit ion i s  e s sent ial for the for 
mat ion of a tooth expected to withstand the cha l l enges and stresses  of 
a perhaps not so balanced d i et consumed after the teeth have erupted . 
You must real i ze that al l other t i s sues have an opportunity for repair 
at di fferent stages during development , but the enamel surface that i s  
formed before erupt ion under poor nutritional conditions cannot b e  re 
paired . Therefore , adequate nutrit ion during tooth format ion becomes 
extremel y  important for denta l  hea l th . 

After eruption ,  diet can stimu l ate the caries  process through the 
frequent exposure of sugars in foods , the form and the concentrat ion of 
sugars be ing important . Concentration does make a difference . 

There might be variations that we l ike to p l ay with sc ient i fical l y ,  
but neverthe l e s s  what does make a di fference i s  the form , the frequency , 
and the concentrat ion of sugars in foods . Al l of these are going to 
affect the express ion of the di sease . The diet al so is going to deter
mine the imp l antat ion on the tooth surface of the organ i sms that are 
going to be respon s ib l e  for caries .  

So what can we do , and how can we use some o f  these d i fferent 
sweeteners?  First of a l l ,  a new l ife - styl e  is neces sary . Peop l e  do 
not l ike to think of discip l ine , but i t  i s  neces sary . I f  you have a 
l i fe - style  in wh ich you don ' t  eat cont inuous l y  throughout the day , 
then I think that there i s  no spec ial need for saccharin or for any 
substitute for sugar . I n  those cases , the chances for preserving a 
strong dent ition are good . 

However , if  peop l e  ins i st on the k ind of a l i fe - style in which they 
s ip a l l  k inds of sweet beverages and eat sugar snacks al l the t ime , 
then for those peop l e  who ins ist  on thi s  k ind of behavior , an opt ion 
cou l d  be avai l ab l e  to use the synthet ic sweeteners that have been shown 
not to be caries -promot ing . 

So to summari z e  my v iews , sugars have been found to be the ingredi
ent that i s  responsible  for the caries-promot ing properties  of food 
snacks ,  and nonnutrit ive sweeteners have not been found to be caries 
promot ing . Therefore , i f  you were to subst itute comp l e t e l y  a l l  the 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


fermentab l e  sugar in foods for saccharin or for any other kind of 
synthet i c  sweeteners , you wou l d  defin i t e l y  improve dental  health . 

1 69 

However , we have no dat a on what i s  the impact on part ial  subst i tu 
t i on of the sugars with saccharin . W e  need stud ies to e lucidate this  
part icu l ar point . 

I think that the ava i l ab i l ity of synthetic  sweeteners i s  usefu l  for 
a dent i s t  who , for examp l e , wants to manage a pat ient with rampant 
caries , where a strict contro l of h i s  fermentab l e  sugar intake i s  re 
quired , and for them, therefore , this i s  an important point . 

Nonnutrit ive sweeteners can be helpfu l  in the prevent i on o f  dental 
caries . But in my est imat i on they do not rea l l y  const itute a unique , 
essent i a l  approach , as there are other approaches and other et iologi
cal  factors in  caries  that are a l so important for the  d i sease . There 
fore , the prov i s i on of  these synthet i c  sweeteners as over-the -counter 
products or as food additives is un l ike l y  to have a maj or influence in 
terms of dental  caries , al though I can see that they might be usefu l  
i n  speci fic c ircumstances . 
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NONNUTRITIVE SWEETENERS AND OBES I TY 

W .  Henry Sebre l l  

The point was made yesterday that the use o f  saccharin or nonnutrit ive 
sweeteners by peop l e  who are trying to  reduce has l itt l e  or no effect . 
A person can put saccharin in h i s  coffee and then eat a l arger piece of 
appl e  pie or otherwise increase his caloric intake . The d i fficulty i s  
that t h e  indiv idual h a s  not been educated to modi fy h i s  behavior toward 
food . So from thi s point of v i ew , saccharin or other nonnutri t ive 
sweeteners have l itt l e  effect iveness . 

However , thi s  i s  a short s ighted view and does not take into account 
the real importance and essent ial ity of nonnutri t ive sweeteners for 
many peop l e . The importance of a sweet tase was emphas i zed yesterday , 
and this  i s  the bas i s  for much of the prob l em .  We are biochemical in 
d ividual i st s ,  and the des ire for sweetness  varies  great l y . In some 
peop l e , it i s  very strong . Thi s  is we l l  known in the d i abet ic , but it 
al so i s  very preva lent  among the obese , many of whom are pred iabet ics . 

Large numbers of obese peop l e  have an intense des ire for a sweet 
taste . I have never seen an obese ind ividual who did not have an 
internal emotional confl ict between the des ire to  lose weight and the 
des ire to eat . Thi s  is the bas i s  of the obese person ' s  prob l em .  In 
order to combat thi s ,  the mot ivat ion to reduce must be strengthened , 
and everything pos sible  must be done to  weaken thi s  des ire to eat . 
Quite frequent l y ,  i t  is  not on ly a desire to eat , but i t  i s  a desire to 
eat sweet things . 

Now the bas ic  prob l em i s  how to create a behavior modificat ion to
ward food that is going to l ast for a l ifet ime . Another prob l em i s  how 
to get the dai l y  al lowances  for a l l the nutrient s recommended by the 
Food and Nutrition Board of the NRC into a l imited number of calories 
and in a food pattern that gives the ind iv idual p l easure and sat i s fac 
t i on in eat ing . Thi s  i s  a very important con s iderat ion in al tering 
l i fet ime food habit s . 
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I n  order t o  get al l o f  the nutrient s into a food suppl y  l imited in 
calories , you cannot use sugar . It does not carry the necessary nu
trient s . Yet for the food suppl y  to be palatab l e , it must have some 
sweetness . The onl y  pract ical way to fi l l  this need i s  with a nonnutri 
t ive sweetener . The quantity should be adj u sted to whatever sat i sfies 
that part icu l ar individual ' s  craving for a sweet taste , as opposed to 
his des ire and mot ivat ion to eat . It can be argued that thi s i s  a 
drug use for d i abet ics . Dr . Wi l l iams made the point about i t s  great 
importance for a j uven i l e  diabet ic . But it  is al so of great importance 
to the obese individual who want s to lose weight . 

But how about the use of nonnutritive sweeteners by the general pub
lic?  As a former pub l ic health person , I l ike to l ook forward to a 
t ime when we can prevent obesity - - a t ime when we can create a l ife 
styl e in whi ch we eat properl y ,  have j oy and p leasure with our eat ing , 
and sti l l  not become obese because of tak ing too much of the wrong kind 
of food . 

So I am very strongl y  of the opinion that a nonnutrit ive sweetener , 
as safe as pos s ib l e ,  i s  of great importance and must be part of an 
educat ional campaign on how to use art ificial  sweeteners properl y  in 
behavior modificat ion toward our food suppl y .  

D I SCUSS I ON 

MARSHA COHEN : There i s  a very serious contradiction here between today 
and yesterday , and I would l ike to  c l ear it up . Yesterday, in a 
question to Dr . Stare , I asked i f  it  were pos s ib l e  for someone who 
has a sma l l  caloric need to fo l low his  view that you can ingest 25  
percent of your calories in sugar and sti l l  get a l l the nutrients 
one needs . He agreed that thi s could be al l refined sugar , not 
carrying any v itamins or minera l s , and that you s t i l l  wou l d  be in 
no nutrit ional troub l e . Dr . Sebre l l  has j ust said that you cannot 
do that . I wou ld  l ike to  ask him ,  therefore , if  he di sagrees with 
what Dr . Stare said yesterday about sugar in the diet . 

SEBRELL : We l l ,  I have had a l ot of experi ence now in making d i et s , and 
you cannot get the NRC ' s  recommended nutrient a l l owances into 1 , 2 00 
or 1 , 400 calories  of food i f  your total intake inc ludes refined 
sugar , s imp l y  because of the point I made that refined sugar adds 
to the calories without adding any nutrient s .  I am not sure that 
you aren ' t  mis interpret ing what Dr . Stare said . 

I said "refined sugar . "  Sugars or carbohydrate in the diet i s  
someth ing e l se . The ordinary structure o f  a restri cted calorie diet 
can have 4 0  to 50  percent of the calories from carbohydrates or 
sugars , but these are natura l sugars occurring in food s . These are 
the starches , the sugars in orange j uice , in frui t s  of al l k inds , and 
in mi l k .  I f  we reduce the fat intake from 45 percent of our calories 
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to 30 o r  35 percent , i n  accordance with the Heart Associat ion ' s  
recommenat ion , the diet wou l d  con s i st of 4 0  to SO percent from 
carbohydrates , 30 to 35 percent from fat s ,  and the remainder from 
protein . 

COHEN : Thank you , Dr . Sebre l l . I think you do d i s agree with Dr . Stare . 
I d id stipul ate in our discussion yesterday that according to his  
view I could  have sugars . When I asked , "We l l , what i f  I choose to 
have al l refined sugars?"  I bel ieve he said that was st i l l  okay and 
that I st i l l  could  get a l l my nutrient s .  You say I cannot , and I 
thought that was the point I was trying to bring out yesterday . 

MIA TALERMAN : I think that peop l e  are tending to confuse calories , 
refined sugar , and sugars . I f  you are going to invest in a certain 
amount of calories per day on a certain diet to keep a certain 
weight , why in the world  wou l d  anybody want to take calories from a 
refined sugar source , which gives them no nutrients at al l ?  I fai l 
to see it . 

Dr . Sebrel l  mentioned that there are sugars that we get natural l y  
i n  food s , such a s  fruits  and vegetab l e s . We are al l quite aware of 
this fact . But in those calories we are gett ing something for our 
investment . We are gett ing nutrit ious value , and I think this i s  
what shou ld b e  confirmed . 

Dr . Stare ' s  comment yesterday concerning 25  percent of sugars 
did inc lude refined sugars as wel l as sugars found in normal food . 
However , I think that thi s put s  too much value on refined sugars , 
because you are , after a l l ,  not gett ing anything for your money and 
for your investment . 

SEBRELL : I am afraid you exaggerated a l i tt l e  bit . You are gett ing 
something for your money and your investment . We have not said 
anything about exerci s e  in thi s Forum . I t  i s  a d i fficu l t  and con
troversial  sub j ect , e special l y  for the obese , and it  i s  a question 
of intake and expenditure of energy . I f  our use of muscu l ar energy 
is increased , we can increase the number of calories in our diet . 

Again l et me emphas i ze the importance o f  this sweet taste . The 
des ire for sweetnes s  i s  a very deep and strong thin g ,  and there i s  
nothing l ike sugar to sat i sfy it . However , your energy expendi ture 
must be increased in order to have it without becoming obese . I 
don ' t  want to say we shou ld do without sugar . I do want to stre s s  
the need for nonnutritive sweeteners . 

TALERMAN : Two other points .  I am with Georgetown University , working 
in research at this l evel , and I have g iven some t ime and some 
thought to thi s . You did mention exercise . Al though exerc i s e  is 
important for the condition of the body , it i s  on another l eve l and 
not to be confused with nutrit ion . 

In  regard to your statement regarding the des ire for sweet s , I 
agree . We are not debat ing that . But we have to estab l i sh two 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


1 73 

things : we cannot do everyth ing we l ike , and we have to have a 
respons ibi l ity for our act ion s . Now what he lps to g ive us a respon 
sibil ity for our action s ?  Some factual knowl edge . And this i s  
what I think i s  one o f  the most important things w e  shoul d  estab 
l i sh here - - that peop l e  shou ld have some bas i c , fundamenta l  factual 
know l edge so that they , themse lve s , can reach a reasonable conclu
sion on the evidence . Otherwise peop l e  have no know l edge , and there 
i s  a capital i zation on the l ack of know ledge . 

KASHA : As I get the mes sage from thi s morn ing , saccharin i f  1 00 percent 
pure is a complete l y  safe sweetener , with no pos s ib l e  consequences 
except for its sensory percept ion and its excretion . However , there 
is a deleterious acid present , e . g . , OTS , which is quite  di fferent 
chemica l ly ;  it is a sul foni c  acid . I wonder i f  there i s  anyone pres 
ent who i s  connect ed with the saccharin manufacturing indust ry and 
who could t e l l us of  the effective removal of de leterious by-products 
in saccharin manufacture . 

SVEDA : I think I have an answer to that . I am told that as of about a 
year ago , Monsanto , who went into bus ine s s  making saccharin through 
the su l fonati on of to luene , is out of that bus ines s .  I al so am told 
by the man who dev i sed the Maumee Proce s s , who i s  now Vice Pres ident 
for Sherwin -Wi l l i ams , that thi s  is the on l y  way that saccharin i s  
now made i n  thi s country . S o  far a s  I know , this  i s  a fact . I s  
there anybody who would d i spute that o r  knows any more than that ? 

E .  D .  COMPTON , Sherwin -Wi l l iams Company : I work for the man to whom 
Dr . Sveda referred . He was a founder of the Maumee Chemical Company . 
Sherwin -Wi l l iams manufactures saccharin by the Maumee Process . As 
far as we know , we are the on ly  manufacturer in the United States . 

B .  STAVR I C , Research Scient i st , Health and We l fare , Canada : I am part o f  
the team that was working o n  saccharin impurit ies . I can inform 
thi s  Forum that we deve l oped a method for the purificat ion of saccha
rin not on l y  from OTS , but al so from most other impurities  in saccha
rin produced by the Remsen - Fahlberg Process . A patent was appl ied 
for under the Pub l ic Servants Invent ion Act . However , because of 
poss ib l e  confl ict of intere st ( the same government agency i s  provid
ing a regu l atory requirement for the purity of saccharin) , the 
procedure was not patented . It was recommended for publ icat ion , and 
we intend to do this . 

But , regard less  of that , from some contact s I have with my col 
leagues from Japan , Dr . Miyaj i and others ( saccharin in Canada i s  
imported mainly  from Japan) , I understand that t h e  Japanese industry 
i s  making saccharin avai l ab l e  on the market with very low OTS l eve l s . 
How much the leve l s  are , I don ' t  know ; but I be l ieve they could be 
about 30 or 40  ppm . Dr . Grice has presented data about OTS content 
in saccharin tab l ets , l iquids , and b l ends . Thes e samp l es were ob 
tained in the Ottawa region in February 1 974 . I be l ieve that if  we 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


1 74 

were to repeat the same survey today , we would see much lower con 
tent o f  OTS i n  a variety o f  saccharin preparat ion s . 

May I j ust add something to i l lustrate the development of the 
impurities  in saccharin . It happened that we had analyzed three 
saccharin samp l e s  produced by the same company during a 1 5 -year 
period . When we used the same ana l yt ical procedure to check for 
impurit ies  in saccharin produced about 15 years ago , it was unbe 
l i evab l e  the number and amount of impurities  we found . At that t ime , 
nobody was interested in checking the impurities by paper chroma
tography or gas l iquid chromatography . 

Saccharin from the same company produced about 4 or 5 years ago 
(the same saccharin used in one of those animal tests)  had a good 
number of saccharin impurities , inc luding OTS . However , impurities  
were less  quant itat ively  and qua l itat ivel y  than initial l y .  

The same company produced saccharin i n  1 9 74 , and w e  have anal yzed 
a samp l e  of it . Thi s  l ot of saccharin was from regu l ar production .  
We found pract ical l y  no impurities  in it . So apparent l y  the indus
try  i s  doing i t s  share in correcting thi s prob l em .  
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CYCLAMATE 

Ronald G .  Wi egand 

Among art ificial  sweeteners , the most acceptab l e  product i s  neither 
saccharin nor cyc lamate ,  but a comb ination of the two . The combinat ion 
has a better taste than ei ther sweetener a l one , and it  has the further 
advantage of reduc ing the intake of each . 

The value of the comb inat ion to an indiv idual con sumer derives from 
one or more of three pos s i b l e  advantages : 

1 .  For the obese , the des ire for sweet s is sat isfied whi l e  the 
reduct ion of calorie intake is made more pal atab l e  and therefore more 
l ike l y ,  thus contribut ing to the medical treatment of the prob l em of 
s evere overweight . 

2 .  For the diabet ic , where sugar int ake has even more immediate 
medical consequences , the cyc l amat e-sacchar in comb inat ion helps contro l 
the diet wh i l e  al lowing a more normal variety of di et . For the diabet 
ic and the obes e ,  incorporat ion in foods and tab l etop use are important , 
in addit ion to us e in beverages . 

3 .  For the s imp ly overwe ight people  who w i sh to achieve a more nor
mal weight , art ificial  sweet eners contribute to effective restrict ion 
in caloric intake . This third category of use is admitted l y  the l east 
necessary and the most di fficu l t  to defend . But l et us not divert our
selves from recogn i z ing that th is is the largest s ing l e  use of cyc l amate 
and saccharin in the wor l d . And I would put it to you that thi s  i s  
properly so , for i n  a soc i ety such as t h e  Un ited States o r  other maj or 
deve loped nat ions with a per capita sugar intake of about 1 0 0  pounds a 
year , reduct ion in sugar int ake i s  a worthwh i l e  goal . Say ing that 
peopl e  can s impl y  eat l es s  sugar is fai l ing to deal with the fact of 
that intake . 
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Back in 1 969 and 1970,  cyclamat e was banned in the Un it ed States . 
The ban was bas ed primar i l y  on two studi es , one by Oser and one by 
Friedman . The Oser study was the first , a two-year chronic toxicity 
study of the cyc lamat e- saccharin combinat ion in rat s ,  sponsored by 
Abbott at the Food and Drug Research Laboratories  in New York City . 
The Friedman study came a few months l ater , and this was a metabo l i sm 
study in rats at the Food and Drug Admin i strat ion . Both studies showed 
tumors in the urinary b l adders , and whi l e  the data can be discussed pro 
or con , the dec i s ion in hinds ight is not di sputed . The s ignificant 
point now is that 20 spec i fic carc inogen icity and cocarc inogenic ity 
studies have been compl eted in the years s ince then , and that al l of 
them are unequivocal l y negat ive . 

These new carc inogen icity studies , accomp l i shed in att cases without 
funding or even consultat ion with Abbott ,  formed the bas i s  of our food 
addit ive petit ion in November of 1 973 . They were performed in several 
countries around the world ,  as we l l  as by the FDA and the National 
Cancer Inst itute here in the Un ited States . The Worl d  Heal th Organ iza
t ion last year reached the conc lus ion bas ed on these data that cyc l a
mate i s  not carcinogenic . 

I n  regard to Abbott ' s  food addit ive pet it ion , the Commis s ioner of 
the FDA recent l y  asked the Nat ional Cancer Inst itute to convene a panel 
o f  internat ional experts to g ive the FDA their opin ion on the carc ino
gen icity of  cyc l amate .  This  wil l give an authoritat ive pos it ion on 
wh ich the FDA can re l y .  

Abbott ' s  pos it ion o n  the carcinogen icity of cyc lamate i s  that i t  i s  
not . We wou l d  not have submit ted our food addit ive pet it ion if w e  had 
not reached that conc lusion , and reached it firm l y .  A corporat ion 
whose cont inued l ivel ihood depends on its  reputat ion in the hea l th- care 
field does not l ight ly try to revers e a decis ion on carcinogenicity,  
and then plan to market the product . 

There are some further scientific questions on cyc l amate that have 
to be reso lved . These deal primar i l y  with the test icul ar effects , 
which have been studied recent l y  at B I BRA ,  as wel l as some of the re
product ive data ,  some behavioral effects ,  and some cardiovascu l ar 
effect s .  I t  i s  our pos i t ion that thes e data are not incons istent with 
the safe use of cyc l amat e ,  and our detai l ed analysis  of al l the data is  
a matter of pub l i c  record . 

The u l t imate quest ion re l at ing to cyc l amate usage in the Un ited 
States in the short t erm relates in a practical s ense to the l eve l s  of 
use that are found appropriat e .  Back in 1 969 the usage of  cyc l amate in 
the United States was about 17 m i l l ion pound s .  This sounds l ike a lot 
of cyc lamate ,  but it  amounts to the equival ent of 2 pounds o f  sugar per 
person annua l l y .  Thus it is not a s ignificant fract ion of the sweet ener 
intake of about 1 00 pounds of sugar . 

Looked at another way , the 1 7  mi l l ion pounds o f  cyc l amate corresponds 
to an average per capita ingest ion of 0 . 1 gram per person per day .  
This  i s  one- fi ft ieth of the general l y  accepted safe dai l y  intake  in 
1 969 , wh ich g ives generous a l l owance even for the inordinate user . Our 
current po s it ion is that the al lowab l e  dai l y  intake could be 2 . 5 , st i l l  
giv ing an adequat e safety factor . 
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Certain l y  the s ingl e  finding on cyc l amate o f  greatest current V 1 S 1 -
b i l i t y  i s  the test icu l ar effects . This occurs , a t  l eve l s  of ingest ion 
which are reasonab l e ,  only  when feeding the metabol ite of cyc lamate ,  
cyc lohexyl amine . I n  a recent l etter t o  Abbott ,  the FDA suggest s as 
reasonab l e  a no- effect l evel of  0 . 5 percent in the diet , which is equiv
a l ent to a dai l y  intake o f  48 to 1 08 grams of cyc l amate by a 70 - k i logram 
person , who convert s 55 percent of the cyc l amate to cyc lohexyl amine . 
I ncreas ing th i s  safety factor i s  the fact that the rats ingest a l l the 
cyc lohexyl amine in a few hours , rather than over the day , as man con 
vert s unabsorbed cyc l amate .  Further , the effects on t est icu l ar weight 
occur only  in the pres ence of a 30 percent reduct ion in total body 
weight , and everything we heard today and yest erday says that this  nec
es sary precond i t ion is  not obta ined in man . Addit ional l y ,  a safety 
factor con s iderably  less  than 1 00- fold  can be accepted when there is so 
obv ious a warn ing s ign as 30  percent weight reduct ion ,  as away from an 
unobservabl e  effect . These factors are part o f  the j udgment s that 
enter the quest ion of determining a s afe l evel  of us e ,  and I have tried 
in thi s part icu l ar instance to share some of  the actual data with you . 

Let us look at sweeteners from the standpo int of the use of 
re sources , both the nat ional resources of product ion and the resources  
o f  the purchaser . I have heard i t  said that perhaps the NAS report on 
saccharin asks for additional toxic ity studies that use a port ion of 
the avai l abl e nat ional resource for toxicological fac i l it ies in a rela
t ive ly unneces sary pursuit -- that i s ,  there are other priorit ies  of 
higher merit . But con s ider the resources used in the product ion of 1 6  
bi l l ion pounds o f  sugar per year (the farmer , the fert i l i z er manufac 
turers , and even the rai lroad cars t ied up in mov ing i t  around the 
country) , in l ight of some of  my fe l low speakers ' say ing that a l arge 
port ion of thi s  sugar ingest ion l ies somep l ace between " empty calories" 
and pos s ib l y  harmful . This  makes doing a few toxicity s tudies pal e in
to ins i gn i ficance when you look at the re lat ive us e of resources . 

Looked at from the standpoint of the consumer , one can approach it 
both economical l y  or scienti fical ly . There are no conv inc ing argument s  
that say sugar i s  s afer than cyc l amate ,  o r  v ice versa , for that matter . 
The quest ion is  never addressed by the FDA ,  because  it operates under 
regu l at ions from wh ich sugar is exempt as a food addit ive . The FDA i s  
overwhelmed with enough di fficult  quest ion s  and dec i s ions that it does 
not have t ime to search for more . From the economic s ide of · the con
sumer quest ion , there i s  on ly so much dis cret ionary income in the  Un ited 
States . Sweetness has proved , as we understood yesterday , to be a 
highly ine l astic commod ity , wherein a fourfo ld increase in price has 
resul t ed in on l y  a s l ight drop in it s consumpt ion . Th is  decreas es real 
income and surel y  has an effect on the nat ion ' s  nutrit ion by subst itut 
ing sugar for some of the do l l ars avai l ab l e  for other foods . I am not 
try ing to rai s e  any dangerous consequences . I rea l l y  do not think 
there are any . But everything I s ee in this  picture tel l s  me that 
art ificial  sweeteners , inc luding saccharin , cyc l amate ,  and others , have 
a p l ace in our society today . 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


1 80 

I n  conc lus ion ,  cyc l amate has been studi ed even more exten s ively  than 
saccharin and the data support cyc l amat e ' s  safety . With this  as a sine 
qua non ,  cyc l amat e should be avai l abl e in the food supp l y  for good 
med ical reas on s  as we l l  as to improve the qua l ity of l ife for those who 
need it . The quest ion of what items in the food supp l y  ( such as food s , 
beverage , or tab l etop use) are a l l owed must be answered by cons idering 
the probab l e  intake resu lt ing from uses in di fferent k inds of food s , 
the benefit s to the various consumers , and the dai l y  total intake found 
safe . Th is has to be worked out aga in for cyc l amate in l ight of pres 
ent know l edge . 

DISCUSS I ON 

PFAFFMANN : Dr . Sveda , in v i ew of your int imate relat ion to the cyc la
mat e d i s covery , would you w ish to make a remark ? 

SVE DA : I n  response to Mr . Wes se l ' s  most cogent remarks this  morn ing 
about the need to tran s l ate  informat i on into understandab l e  language 
for the publ ic , I should l ike to pres ent some comment s and demon
strat ions regarding the use  of cyc l amat e .  

About one person in every t en in the ent ire wor ld  has eat en 
cycl amat e safe l y ,  and in my opin ion , to the benefit of their health . 
I n  this country alone , there were three out of four peop l e  eat ing 
cyc l amate before it was comp l etely  wrong ly banned . 

There i s  a further important po int to be made . You may remember 
some scary head l ines a hal f-dozen years ago about al l kinds of 
things that wou ld befa l l us if pregnant mothers at e cyc l amate . 
Cyc l amate �as used w ide ly  from about June of 1 950 unt i l  at l east 
October 1 8 ,  1 969 - - "Sour Saturday . "  I f  we as sume that t here are 
rough ly 4 m i l l ion b irths a year , p lus or minus a coup l e  of hundred 
thous and , this mean s t hat during this  20- year peri od some 80 mi l l ion 
peop l e  - - more than one-th ird of the popu lation of  this  country - 
were conce ived and born when cyc lamate wa s in very w ide us e .  Every 
body from the age of 5 to 25  - - wh ich means everybody in preschool ,  
in grade school , in high school , and now either gainfu l ly empl oyed 
or in col l ege  or graduate schoo l  - - was born under tho se condit ions . 
Where are the fl ippers for arms that we were told might resu l t ?  
There is  noth ing i n  the medical l it erature report ing any such reac 
t ions . I think th i s  is a devas tat ing po int , and it i s  why I was so 
pl eas ed with Dr . Wynder ' s  sugg est ion that we ought to l ook at the 
facts as they are . 

Here is  a samp l e  o f  cyc l amate . I f  I s e l l this to a man , know ing 
that he is go ing to us e it for food or drug , I am committ ing a crime . 
Th is is not a park ing t icket crime , but one that get s  me a fine of  
$ 5 , 000  or more and s ix months or  so in  j a i l . Th i s  is  not true in  
Canada . Th is is  not  true in Austral ia . This is  not  t rue in South 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


1 81 

Afri ca , I srae l , and so on . Why is  this horribl e s ituation in ex i s 
t ence ? The reason is , in  my opin ion , and I can document it , that 
one series of test s was respon s ib l e  for wrong l y  taking cyc l amate off 
the market and upon a recommendat ion of the National Academy of 
Sciences that was then accepted by the Food and Drug Admin istrat ion . 

I wi l l  commit a further crime . I wi l l  taste cyc l amat e ,  and 
therefore I w i l l compound the crime . This is i l l egal . 

Here are a coup l e  of stuffed mice . I cou ld not find any four
l egged stuffed rats , so for the purpos es of thi s  demonstration I 
have a coupl e  o f  stuffed mice in cages . Here is  a samp l e  o f  cyc l a
mate .  Here i s  a samp l e  of saccharin , and here i s  a samp l e  o f  cyc l o 
hexy l amine . Al l o f  the rats were fed a mixture of cycl amate and 
saccharin . Not one of the rats was fed pure cyc l amate . Approximate l y  
hal fway through the experiment , they were separated into two groups . 
Th i s  group was s t i l l  fed cyc l amate or saccharin , but a l so the cyc l o 
hexy l amine was added t o  it . 

How can anybody in the pub l ic - - I am not speaking to anybody 
scienti fi c  now at al l - - how can anybody in the pub l ic l ook at this  
demonstration and say that cyc l amate caus ed all  the  prob l ems , the 
few cancer things that were discovered? How can anybody say that ? 

Now , I submit that the reason for putting cyc l amate back on the 
market is  not the reason that Mr . Wiegand wants . In  spite of  the 
tremendous amount of evidence ,  I think it should go back because it 
was wrong to take it off in the firs t p l ace . The pub l i c  has the 
right to know . Al l the other data are nice , but are rea l l y  immat e
rial . Cyc l amate should go back on the market becaus e it  shou l d  
never have b een removed . 

PFAFFMANN : I think that Dr . Wiegand ' s  forthcoming presentation and 
reques t for a new revi ew would be suitab l e  in re lation to the h i story 
you have given . 
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ASPARTAME 

Al fred E .  Harper 

I have been asked to talk  about aspartame , a new type of sweetener that 
has been deve l oped and tested by the G .  D .  Searl e  Company . I t  was ap
proved by the Food and Drug Adm in istrat ion in 1 974 for use in a number 
of food systems . I have been a consu l t ant for Searle  on some aspect s 
of the deve l opment of the product . 

My obj ect ive i s  to t e l l you what aspartame i s , what properties it 
has that make it  a us efu l sweeten ing agent , how it  is  ut i l i z ed or metab 
o l i zed by the body , what l imitat ions it  has as a sugar subst itut e ,  and 
how it has been examined to assure that consumption of foods sweetened 
with i t  wi l l  .not pose a hazard to health ( 1 , 2 , 3 ) . 

Aspartame i s  the methyl ester of the d ipept ide , L-aspartyl - L-phenyl 
alan ine (Figure 1 ) . The const ituents of aspartame occur natura l ly in 
foods . Aspart ic acid and ph eny l a l an ine are amino ac ids that are pres
ent in  al l food proteins . Aspart ic ac id i s  a nutrit iona l l y  d i spensabl e 
am ino ac id . I f  it is not prov ided in a diet , the body can synthesize  
it from glucose and ammon ia or  from other amino ac ids . Pheny l a l an ine 
i s  a nutrit ional ly essent ial or ind i spensab l e  amino acid ; that i s ,  the 
body cannot synthes i z e  it . For normal body funct ion , phenyl a l an in e ,  
l ike any other es sential  nutrient , must b e  provided preformed in the 
food . Methyl est ers are common const ituent s of p l ant product s ,  espe
cial l y  of substances that impart flavors in fruits  and vegetabl es , 
j u ices , and l iquors . 

Aspartame i s  a wh ite , odor l e s s , crystal l ine powder that i s  solub l e  
i n  water , more so lub l e  i n  acid than in neutral so lut ion s ,  and , a s  i s  
usua l l y  the cas e ,  more s o  in warm than in cold so lut ions . Aspartame i s  
about 200 t imes a s  sweet a s  sugar in taste test s . I t s  fl avor has the 
character i s t ics of  sugarl ike sweetnes s ,  and it has no aftertaste . I t  
al so has the property o f  enhanc ing the fl avors o f  certain foods , espe
cial ly those with fru it flavors . 

1 8 2  
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Aspartame i s  stab l e  in dry form and can be stored i n  closed contain
ers at  40 degrees centi grad e ,  that i s  1 04 degrees Fahrenh eit , for over 
one year with l it t l e  deter iorat ion , and the test i s  st i l l  continuing . 

When aspartame decomposes , it  l os es the methyl of  the methyl ester , 
l eav ing the dipept ide L- aspart y l - L-phenylalan ine ( F igure 2 ) . Th i s  has 
a tendency to lose  wat er and cyc l i z e  to form the di ketopipera zine of 

AS PARTAME 
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F I GURE 1 

Dike topipera zine 
F I GURE 2 
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the dipept ide . Th i s  convers ion occurs s l owly in acidic so lut ions and 
much more rapidl y in a l kal ine solut ions . When sugar decomposes , the 
products formed init ia l l y  are as sweet as sugar itsel f .  Aspartame , 
however , loses its  sweetness when it undergoes this  type of decompos i 
t ion .  

I n  a solut ion at pH 4 ,  that i s  about the acidity o f  root beer , 
stored at room t emperature , 68 degrees Fahrenhei t  or 2 0  degrees cent i 
grade , 2 0  percent o f  the sweetness o f  aspartame would b e  l o st aft er 
4 - 1 / 2  months . In Tab l e  1 are summari z ed some observat ions on the t ime 
for loss of 2 0  percent of sweetness in relat ion to the t emperature of  
storage . Twenty percent of sweetnes s i s  about the amount of loss  that 
becomes det ectab l e  in a comparat ive taste test . In a neutral so lut ion , 
of cours e ,  even at room t emperature , hal f of the sweetness wou ld be 
lost in a matter of hours . Therefore , a l though aspartame can be sub
st ituted for sugar and for tabl etop use  in dry product s ,  such as sweet
ened powders for beverages and in pudding s and f i l l ings that do  not 
requ ire exten s ive cook ing , it is not suitab l e  for sweet en ing mo st a l ka 
l ine o r  neutral products that require high-t emperature baking , broi l ing , 
or frying ; nor i s  it suitab l e  for sweeten ing nonac id products in solu 
t ion that w i l l be stored for l ong periods of t ime . 

I t s  stab i l ity in al l foodstuffs has not been comp l et e l y  expl ored as 
yet , and there may be some interact ions that increase i t s  stab i l ity . 
Nevertheles s ,  th is mean s that aspartame i s  not a general subst itut e for 
sugar . Al so , of course ,  it repl aces on l y  the sweetness and not the 
bul k ,  the pre servat ive propert ies , or textura l propert ies of sugar . 

TABLE 1 Effect of Temperature on the Time for Loss  of 2 0% of the 
Sweetness of  Aspartame in Acidic  So lut ion (pH 4 . 0) 

Storage Time for 
Temperature 2 0% Decomposit ion 
(oC) a (days) 

10 387 

20 134 

30 5 1  

4 0  2 2  

55 5 

68 2 

80 1 

a
2 0 ° C  = 68 ° F ;  40 ° C  = 1 04 ° F .  
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On the other hand , because  of the amount of aspartame requ ired to 
impart sweetnes ses is so smal l ,  it  wi l l  have some unique uses for which 
sugar is not suitab l e ,  such as to  sweet en foods that now cannot be 
sweet ened with sugar because the l arge amount of  sugar required a l t ers 
some crit ical property .  

How does the body handl e  aspartame? As pept ides and esters are nor
mal const ituents of  foods , one wou l d  expect the pept ide and ester bonds 
of aspartame t o  be spl it  by the enzyme s ,  the pept idases and esterases 
of the dig est ive tract -- j us t  as are the pept ides and ester s  of food 
products  - - and that these product s  would be absorbed and ut i l i z ed j ust 
as they are when they are consumed as const ituent s of foods . 

The resu l t s  o f  metabol ic studies with isotopical ly l abeled aspartame 
in rats , dogs , monkeys , and in man support this as sumpt ion . Unchanged 
aspartame was not detected in bl ood pl asma aft er the administrat ion of  
aspartame to subj ect s ,  but free aspart ic acid and phenyl a l an ine were . 
By u s ing aspartame l abe l ed with an i sotope specifical l y  in each one of 
its  const ituents -- the methyl group , the aspart ic acid , and the phenyl 
alan ine - - the u l t imate fate of each of these could be examined in ani 
mal s .  

The format ion o f  carbon diox ide , the end product of oxidat ion of  
each o f  these substances in  the body , fo l lowed essent ia l l y  the same 
t ime cours e ,  whether the amino acids or the methanol  were admin i stered 
individual l y or whether they were administered in aspartame . 

S ince aspartame i s  metabo l i zed in the body in the same way as amino 
acids , un l ike saccharin and cyc l amates , it is a nutrit ive substance . 
We ight for weight , it should yield  the same amount of  energy as carbo 
hydrates or prot e in s . Be ing a pept ide , one wou ld  expect it to behave 
as prot eins do and provide 4 k i l ocalories per gram . However ,  because 
it is required in onl y  minut e amount s  to sweet en foods , w ith a sweeten 
ing power of 2 00 t imes that of  sugar , it w i l l  st i l l  contribut e onl y  
negl i g ibl y t o  total energy intake when providing sweetnes s .  Because i t  
is  a nutrit ive substance , aspartame has not been c l a s s i f ied a s  an art i 
fic ial sweet ener , so this  means that its  use w i l l  not be restricted to 
spec ial  dietary foods . 

As the diketopipera z ine  of L- asparty l - L-phenyl a l an ine can form during 
the storage and preparat ion of the product or of  foods conta ining it , 
the metabo l i sm of t his product al so has been examined . I t  i s  not high
ly solub l e ,  and it  i s  b io l og ical l y  rather inert . When it is  inj ected 
direc t l y  into a vein , it is  excret ed unchanged in the urine . When it 
is  fed to germ- free rat s ,  it  is  not metabo l i z ed .  However , from stud i es 
on an ima l s  with the usual int est inal fl ora , ev idence was obtained that 
intest ina l  microorgan i sms can spl it the di ketopiperaz ine to g ive aspar
t ic ac id and phenyl al an ine  and some metabo l ites o f  these . 

The safety studies  that have been conduct ed on aspartame and i t s  
diketopiperazine derivat ive were revi ewed in a sympos ium held  l ast 
November (3 ) , so I shal l mention onl y  brie fly the types of studies that 
have been done . 

I t  i s  important in assess ing safety stud i es to remember that there 
is a toxic l evel for most , i f  not a l l ,  nutrient s and other chemical 
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compounds . Safety studies  are not undertaken to det ermine whether or 
not a substance can induce an adverse or tox ic react ion , but to deter 
mine what amount i s  required to cause advers e  e ffect s or t ox i c  reac
t ions , and to ensure t hat the l eve l of us e wi l l  be wel l below what i s  
found t o  produce such effec t s  o r  react ion s .  

I n  b iol ogical  studies in wh ich dosages o f  aspartame great l y  in 
excess  of the proj ected consumpt ion l eve l s  were admin istered to an ima l s  
(gram per k i l ogram of body we ight quant it ies compared t o  proj ected 
intakes are in the order of mi l l igram per k i l ogram of body weight quan
t i t i e s ) , no adverse effect s were observed in the cardiovascu l ar ,  gastro
int est inal , endocrine , reproduct ive , or central nervous systems . In 
rat s ,  with extremel y h igh doses of 4 grams per k i logram of body weight , 
m i l d  behav i oral changes and food intake depre ss ion occurred . S imi l ar 
effect s were observed aft er adminis trat ion of comparab l e  amount s  o f  
L-pheny l a l anine i n  the free form . I n  monkeys , n o  effects  were observed 
with 1 gram per ki l ogram of body wei ght . Some monkeys rece iv ing 3 
grams per ki l ogram of body we ight showed a t ype o f  s e i zure . This i s  
about 3 00 t ime s the ant icipat ed intake l evel . Simi l ar observat ion s 
were made by these same invest igators us ing phenyl alan ine at comparab l e  
l eve l s . 

Both aspartame and the diketopipera z ine have been tested for toxic ity 
in the chroni c  and acute studies in several spec ies o f  animal s ,  again at 
l eve l s  great ly  in excess o f  ant i c ipated ingestion l eve l s , l eve l s  o f  from 
2 up to as h i gh as 8 grams per k i l o gram o f  body wei ght , versus ant i c i 
pated ingest i on l eve l s  o f  1 0  to 20 mi l l i grams per k i l o gram of body weight . 
Both have been tested for their ab i l ity to cause tumors ,  mal format ion 
of the fetus , and mutat ions . Studies have been conducted with human 
volunteers to assess the tol erance of  normal , obese , and diabet ic  in
div idual s for aspartame . In none of these tests was evidence of  
adverse effect s from either compound obtained except when the amount 
admin i stered was suffic i ent l y  high to prov ide enough phenyl a l an ine to 
retard growth . Adverse e ffect s have long been known to occur in an i
mal s  consuming exces s ive amount s  of severa l essential  amino acids , 
among them phenyl a l an ine . Some of these tests  are cont inuing . 

What are the spec i fic concerns with aspartame? I t  contain s  phenyl 
a l anin e ,  whi ch cannot be degraded by ind iv idua l s  with the genet ic de
fect of pheny l a l an ine metabo l i sm ,  phenyl ketonuri a .  One ch i l d  in 1 0 , 000 
is  born with this defect ,  about 400  infan t s  a year . The d i sease i s  de
tected by a screening program that i s  required by l aw in a l l  but seven 
states . I f  infants with th i s  di sease are to develop norma l l y ,  their 
intake of  pheny l a l an ine must be restricted , just as d i abet ics , who make 
up probab ly  1 to 2 percent of the total populat ion ,  must restrict their 
intake o f  sugar , and ind iv idua l s  with many types of k idney d i s ease must 
restrict their intake of prot e in .  

Aspartame wi l l  therefore be l ab e l ed to ind icate that i t  conta ins 
phenylalan ine , so  that if  it is  used in the d i e t s  of  individua l s  with 
phenyl ketonuria , the amount con sumed can be inc luded as part o f  their 
al lowed al l otment of pheny l a l an ine . One person in 7 0  carries  the reces
s ive gene for pheny l ketonuri a .  Thes e peop l e  show no  abnorma l it ies , but 
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may have great er than norma l e l evat ion of b l ood phenyl a l an ine concen
trat ion after ingest ing foods rich in pheny l a l an ine . 

I n  tests  that were done on a group of such peopl e  over a period of 
s ix weeks when they consumed as much as 8 grams of aspartame per day - 
between 1 0  and 2 0  t imes the amount they would  b e  l ikely t o  ingest , or 
3 to 5 t imes the average ant icipated dai l y  intake in a s ingle  dose - 
no abnormal reactions were noted , nor was there evidence o f  prol onged 
or unusua l e l evat ions of b l ood phenyl a l anine concentrat ion . 

Another pos s ib l e  concern i s  with the aspart ic acid provided by aspar
tame . G lutamic acid and aspart ic acid admini stered in very l arge single 
doses , 1 gram or more per k i l ogram of  body weight , to newborn rodents 
wi l l  produc e l e s ions in the hypothal amus , an area o f  the brain , that wi l l  
resul t  in obes ity .  

I n  l ifet ime studies in rat s in which up t o  4 0 0  t imes the ant icipated 
use l eve l of aspartame , about 8 grams per k i logram of body weight per 
day , was administered to pregnant females  in their diet , and then sub 
sequent l y  to their offspring in a l ifet ime study , although the brains 
were not examined in this study , no phys ical abnormal it ies were observed 
in the offspring . Doses of  aspartame in amount s  found to cause brain 
l es ions in newborn mice were not found to caus e such l e s ions in neo
natal  monkeys , even when comb ined with g lutamate . I n  human studies  in 
which subj ect s were administered 34  mi l l igrams of aspartame per k i l o 
gram of body weight , n o  e l evat ion of serum aspart ic acid was observed . 
A pint of m i l k  in a s ingle feeding wou l d  provide about 6 grams of aspar 
tic  acid and glutamic acid . 

What about the probab l e  consumpt ion of aspartame? Average sugar 
consumpt ion general l y ,  as we have discus sed s everal t imes , is between 
1 0 0  and 1 50 grams a day , so not more than 0 . 5 to 0 . 8  grams of aspartame 
woul d  be requi red to provide sweetness equiva l ent to al l of this . Be
cause aspartame is  not suitab l e  as a repl acement for sugar in some 
foods , such as product s that are neutral in react ion and must be baked 
at high temperature or l iquids that are neutral in react ion and have to 
be stored , average consumpt ion of aspartame shou l d  not exceed hal f  a 
gram per day . 

This woul d  provide 280  mil l igrams of phenylalan ine , 2 2 6  mi l l i grams of 
aspart ic acid and 5 4  mi l l igrams of methanol .  A s ix - ounce glass of m i l k  
would provide more pheny l a l anine and aspartic ac id than this , and three 
ounces of beef wou l d  provide cons iderab l y  more , as would  wheat {Tab l e  2 ) . 
An e i ght-ounce g l ass of fru it or vegetab l e  j uice would provide somewhat 
more of the methyl esters than the aspartame , and a doub l e  mart ini wou l d  
provide a great deal  more methyl esters than aspartame . Th is amount of 
aspartame would repres ent about 5 percent of the average dai l y  intake  
of phenyl a l an ine , and l e s s  than that of the  average intake of aspart ic 
acid . 

Some individual s  w i l l ,  in a l l  probab i l it y ,  consume more than the 
est imat ed intake , and a few undoubted l y  wi l l  consume much more . But as 
the dose l eve l that was without effect in the safety studies was about 
200 t imes the est imated consumpt ion of 1 0  mi l l igrams per ki logram of 
body weight per day , it wi l l  be di fficu l t  to conceive of an individual 
consuming enough aspartame to caus e any advers e  effect s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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TABLE 2 Probab l e  Con sumpt ion of Amino Ac ids from Aspartame 

Phe Asp - OCH3 
(mg) (mg) (mg) 

Aspartame (0 . 5  g )  280 226 54 

Beef (3 oz ) 653 1 336 

Wheat ( 3  oz ) 490  5 4 1  

Mil k  (6  o z )  3 1 0  443  

Tomato j uice ( 8  o z )  3 7  

Gin ( 3  o z )  9 0  

I n  summary , aspartame i s  an odor l es s ,  crystal l ine compound made up 
of substances that occur natura l l y  in foods . I t  is about 2 00 t imes as 
sweet as sugar in taste test s ,  and has been tested ext ens ive l y  for 
safety in b io l og ical , tox ico l og ical , and other trial s without effect s 
from 1 00 to 200 t imes the est imat ed l evel  of consumpt ion . 
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ANOTHER VI EW OF ASPARTAME 

John W .  Olney 

I think I shou l d  first c l arify my re l at ionship to the topi c of thi s 
Forum . I have a long - standing int erest in the devel oping centra l ner
vous syst em and in toxic  mechan i sms that might advers ely affect the 
immature bra in so as to give rise l ater in l i fe to neuro logical or be
haviora l di sturbances . Several years ago , I report ed ( 1 )  that the 
wide l y  used flavor addit ive mono sodium g lutamate (MSG) destroys nerve 
cel l s  in the brain of exper imental  an imal s ,  part icu l ar l y  young animal s ,  
when g iven ora l l y  in relat ive l y  l ow doses ( 2 ) . 

The relat ionsh ip between g l utamat e- induced brain damage and 
aspartame , the sweetener Dr . Harper has j ust described , i s  that one o f  
the maj or mo iet ies of  t h e  aspartame mo l ecu l e ,  aspartate , ha s the same 
type of  brain- damag ing pot ent ial that glutamate has , and when g lutamate 
and aspartate are admin istered together they act in concert by an add i 
t ive tox ic mechan i sm to destroy brain cel l s  ( 2 ) . Furthermore , evidence 
generated in my l aboratory in St . Louis  and submitted recent l y  to  the 
Food and Drug Administrat ion c l earl y  demonstrates  that aspartame itsel f ,  
when administered b y  feeding tube t o  young mice , causes the same type 
of bra in damage that g lutamate or aspartate causes . We think the 
aspartate mo iety of aspartame is  respon s ib l e  for its  brain damaging ac 
t ivity and that it is  because aspartate res emb l es g lutamate in mo l ecul ar 
structure and exc i t es neuron s as does g l ut amat e that it shares glut a 
mate ' s  neurotoxic  propert ies . These two compounds , in fact , belong to  
a fam i l y  of neuroexc itatory toxins or exc itotoxic amino acids , as we 
have come to des ignat e them . 

Al l o f  the members o f  this  fam i l y  of  excitotoxins ( F igure 1 )  are 
structural ana logues of g lutamic ac id (top cent er) or monosodium gluta
mat e ,  wh ich is the popu l ar name for the sodium salt . It is o f  interest 
that several of  these compounds , in addit ion to  hav ing excitatory and 
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F I GURE 1 Exc itotox ic structural ana l ogues of glutamic acid . 

toxic effect s  on central neurons ,  also  mimic glutamate in st imul ating 
taste receptors . The two column s  on the l eft depict straight - chain 
ana lo�ues t hat have exc itotoxic propert ies . Some of these mol ecu l es 
are more potent than either g l utamic or aspart ic ac ids in exc it ing and 
de stroying n erve ce l l s .  For examp l e , N-methy l -DL- aspart ic ac id , al 
though differing on l y  s l ight l y  from aspartic ac id in mol ecu l ar struc
ture , i s  1 0 0  t imes more powerfu l in excitot oxic act iv ity {3 ) . e-N
oxal y l - L- a , e� diamino-propionic acid {ODAP) is a straight - chain gluta
mate anal ogue that is found natural ly in the ch ick-pea and is  thought 
to be the neurotox ic agent respon s ibl e for n euro l athyri sm ,  a s er ious 
neurodegenerat ive condit ion occurring endemica l l y  in  reg ions of the 
wor l d ,  such as I ndia , where chick-peas somet ime s  compri s e  a high per 
centage of  the diet . Other s trai ght-chain anal ogues  such as homocysteic 
acid and cysteine-S- sul fon ic acid are of interest for the ir pos s ib l e  
involvement in the pathogenes i s  of  mental retardat ion syndromes i n  human 
metabo l ic disorders such as homocyst inuria and sul fite oxidase deficien
cy {4 , 5 ) . 

The mol ecu l e s  depicted on the right are heterocyc l ic analogues of 
g lutamate . Kainic acid , which was recent l y  shown to produce the g luta
mate type of brain damage {6)  is about 2 00 t ime s more pot ent than 
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g lutamate i n  exc i totox i c  act ivi ty . Thi s  compound i s  found natural l y  in 
seaweed and has been us ed as an ascaricide in Japan to rid chi ldren of 
intest inal worms ( 7 ) . I botenic acid i s  an interest ing analogue of g lu 
tamate found i n  nature a s  the po isonous principl e  in t h e  amanita mush
room . It is a potent neuroexcitant and i s  about 2 0  t imes more potent 
than glutamate in st imu l at ing taste receptors . Thi s  has l ed one of the 
larger manufacturers of mono sodium g lutamate to cons ider deve loping 
this compound as a food- flavoring agent . Qui s qual i c acid , which occurs 
in the seeds of quisqua tis indicus , i s  cons idered about 500 t imes more 
powerfu l than g lutamate in neuroexcitatory act ivity . Nothing is yet 
known about the neurotox ic propert ies of this compound as it was onl y  
very recent l y  discovered . 

I have briefl y described thi s group of exc itotoxic amino acids , some 
of which may arise exogenous l y ,  others endogenou s l y ,  to po int out that 
the hazards of aspartame cannot be fathomed fu l l y  by merel y concentrat 
ing on aspartame itse l f .  We should be concerned about how i t  o r  i t s  
metabo l ites  may interact w i t h  other excitotoxins i n  t h e  body . Two of 
these exc itotox ins are approved food addit ives (aspartame and monosodi 
um g lutamate) , a third i s  under cons iderat ion as a flavorer ( iboten ic 
ac id) , a fourth is a potent ial  pharmaceut ical (kain ic ac id) , a fifth is 
found in the chick- pea , a commonl y  ingest ed vegetabl e ,  others might be 
generated endogenous l y  in unident i fied human host s with metabo l ic di s 
orders , and st i l l  others have yet to be di scovered o r  ident ified as 
exc itotoxins . 

I t  is in cont ext with the above and with the fact that g lutamate is  
an additive in extreme l y  w idespread use throughout our food supp l y ,  in
cluding the food supp l y  for our young , that I have express ed concern 
over the introduction of aspartame into that food supp l y .  When the 
Food and Drug Admini stration approved aspartame in Ju l y  1 974 , I obj ected 
in a memorandum to  the FDA Commiss ioner (August 1 6 ,  1 974 ) that it was a 
premature act ion s ince the comb ined toxicity of aspartame with g l uta
mate or other exc itotoxic amino acids had not been stud ied nor had the 
neurotoxicity of aspartame i t s e l f  been tested appropriat e l y  on immature 
animal s even though immature humans appeared to be a maj or consumer 
target proj ected for i t . FDA has taken these  obj ect ions under con s id
erat ion and has expressed its  intent to convene a pub l ic  board of in
quiry to review the matt er somet ime in the near future . 

At this po int I would l ike to say a word about marg ins of safety . 
Depending on one ' s  as sumpt ions regard ing us e l eve l s ,  no- effect dose 
l eve l s ,  and the age of the consumer concerned , one can come up with 
qu ite a wide range of marg in of safety calculat ions . The best way I 
know to pre sent the other s ide of the pi cture from the one that 
Dr. Harper j ust presented regarding the safety of aspartame is to beg in 
with g lutamat e ,  which mus t  share with aspartame a s ing l e  margin of  
safety i f  they have comb ined tox icity . 

Go ing back to 1 96 9 ,  when g lutamat e was being added rather free l y  t o  
baby foods , a subcommitt ee of t h e  Nat ional Academy of Science s  met to 
invest igat e  the practice and estab l i shed that the highest concentration 
of MSG being added to baby foods was 0 . 6  percent . This mean s that a 
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4 - 1/ 2  o z  ( 1 30 g )  j ar o f  such baby food provided a 6 k g  infant w i t h  0 . 1 3 
g of  added MSG/ kg of  body weight . The amount of g lutamat e that from a 
s ing l e  oral l oad wi l l  cause irrevers ibl e de struct ion of  nerve cel l s  in 
the hypothal amus of the immature mouse i s  0 . 5  g/kg . The difference be
tween 0 . 1 3  and 0 . 5  g/kg , i . e . , the marg in of safety,  is not the 1 00-
fold marg in we  oft en hear about , rather i t  is about 4 - fold . 

From studies on o l der anima l s ,  one finds that the minimal effect ive 
do se goes up , but not sharpl y . For examp l e ,  in the 2 1 - day-old  mouse at 
the age of wean ing , it requires about 1 g/kg by oral intubat ion to pro
duce the brain l es i on ,  and at 45 days of age ,  which is roughl y  puberty 
in the rodent , it requires about 1 . 5  g/kg . The margin of  safety,  then , 
j us t  for g l utamate a l one - - if one can make extrapo l at i ons  from an ima l s  
to man , and I fear w e  have t o ,  because it i s  neither safe nor ethical 
to do such experiments in the human -- may increase with ag e to perhaps 
an upper l imit of between 1 0 - and 2 0 - fold . I f  we then add aspartame to 
chi l dren ' s  foods , no matt er how safe it may seem from experiment s not 
des igned to reveal i t s  toxic ity for the immature nervous syst em ,  I am 
afraid it wi l l  add to the neurotoxicity of glutamate ,  which means that 
it wi l l  reduce g lutamat e ' s marg in of safety , a marg in a lready too s l im 
to beg in with . 

Before leaving the issue of aspartame ' s  safety margin , I .  wou l d  l ike 
to po int out a flaw in FDA ' s safety evaluat ion of this  sweetener . I n  
approving aspartame for general use ,  FDA represented that this  sweetener 
wou ld have nearl y  a 1 0 0 - fo l d  marg in o f  safety when used as approved . 
This  marg in was arr ived at by using the body weight of  a 60 kg adul t  
human and app l y ing no- effect dose data perta ining to adu l t  an ima l s ;  in 
other words , adu l t  referents were us ed exc lus ive l y  even t hough approval 
was g iven for the sweetener to be used in ch i l dren ' s  foods . Th i s  i s  
high l y  inappropriate ; a s  I emphas i z ed i n  my memorandum t o  the FDA 
Comm i s s ioner , it  is absolut e l y  essent ial that the chi l d ' s  body weight 
and no- effect dose data for immature an imal s be used in evaluat ing the 
safety of any addit ive which wi l l  be fed to ch i l dren . Even i f  the pic
ture were not compl icated by MSG or other excitotoxins , the marg in of  
safety for the con sumpt ion of  aspartame by chi l dren (if  calcu l ated from 
appropr iate referents)  i s  nowhere near the 1 0 0 - fo l d  l eve l . At t he t ime 
a food add it ive is  being approved i t  is  imperat ive t hat the spec ial  
vulnerab i l it ies  o f  the immature human be f i gured into margin of safety 
cal cu l at i on s  because exper ience tel l s  us t hat after approval is given ,  
the product wi l l  b e  promoted and marketed indi scriminately  for consump
t ion by the mature and immature al ike .  

I n  c l o s ing I shou ld po int out that on l y  the r i sk aspect of the ri sk
benefit compari son has been focused upon here . I n  t he absence o f  ev i 
dence for real benefit s ,  i . e . , that i t  contributes s ign ificant l y  to the 
health  needs of c h i l dren or infant s to have either monosodium g lutamate 
or aspartame added to their  foods , I am at l o s s  to understand why any
one would favor expo s ing vu lnerab l e  young consumers chronical l y  during 
their developmental  years to diet s heav i l y  supp l emented with these 
excitotoxi c compounds . 
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DI SCUSS I ON 

PFAFFMANN : Dr . Harper , do you wish to rep l y? 
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HARPER :  Yes . There are obviou s l y  several ways of approaching this 
quest ion . Certainly  the rodent is the speci es that is mo st sus cep 
t ib l e to this t ype of damage .  Newman e t  a Z .  ( 4 )  have reported admin
istering 4 grams of g lutamic acid per k i l ogram of body weight to 
monkeys without any evidence of hypothal amic l e s ion occurring . 

There have been studies  in the Sear l e  safety program with aspar
tame together with g l utam ic aci d ,  2 grams and 1 g ram respect ively of 
each,  being administered direct l y  to monkeys without evidence of 
l e s ions  deve l oping in the hypothal amus . 

There i s  another point that I think Dr . Olney overlooked . I n  
order t o  produce these l e s ions ,  one has to administer the substance 
by stomach tube within an extremely short period of t ime . This has 
to be  done to e l evate the b l ood l eve l s  of g lutamic acid or aspart ic 
ac id or cyst eic acid to the very high l eve l s  required to produce 
l es ions in the hypothal amic area . Frequent l y  this  is done by in
j ect ing a s ingl e  dose direc t l y  into the anima l . 

I n  the safety tes t s , no abnorma l it ies were observed in rodent s 
that were administ ered aspartame up to 8 grams per k i logram per day 
with their normal diet . In other s tudies  no e l evat ion in bl ood 
aspart ic ac id concentrat ion was observed after something on the 
order of five t imes the ant ic ipated dai l y  intake l evel was admin i s 
tered i n  a s ingl e  dose  t o  human subj ect s .  

I t  i s  important to keep in perspect ive how we as sess  a hazard . 
We know that if  we admin i st er nutrient s such as iron , vitamin A ,  
vitam in D to peop l e  i n  huge  doses  i n  unique ways , we can develop 
severe tox ic s igns . We can administer most of the amino acids in 
s imi lar ways and produce s evere toxicity . We can administer l actose , 
which i s  m i l k  sugar that i s  consumed by chi ldren a l l  the t ime , to 
rats and produce s evere cataract s .  We can produce tox ic l e s ions 
with almost  anything if we set about it the right way, and we are 
interested in being abl e  to do this becau s e  we want to know at what 
l eve l s  of intake such effect s occur . After that we have to as ses s 
the probab i l ity of a hazard occurring if the substance i s  used in 
quite  a different way in a diet , or as a drug or a pharmaceuti cal . 

OLNEY : I think there i s  a misunderstand ing about primate suscept ib i l 
ity,  and I would l ike to respond to Dr . Harper ' s  statement . We have 
performed extens ive studies on rhesus monkeys and have demonstrated 
qu ite  c l earl y  that g lutamate g iven either oral l y  or subcutaneous l y  
damages the monkey hypothalamus . A l l o f  t h e  monkeys i n  our ser ies 
that rece ived g lutamat e sustained brain damage , whereas our sod ium 
chloride contro l s  were unaffect ed . The ora l experiment s invo lved 
admin ister ing e ither g l utamate or sodium chlor ide in skim mi l k  
through a nasa-gastric tub e ,  and the dose o f  g lutamate that produced 
the l e s ion s  by this oral rout e in the s even-day-old  monkey was 1 
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gram per k i l o . I do not know what negat ive study from Japan 
Dr . Harper refers to . I think Aj inomoto (MSG) Co . in J apan has 
sponsored some such studie s ,  but I have not not iced their data 
appearing in any re l iab l e  neuropatho logy or brain res earch j ourna l s . 
Our findings were reviewed by the most respected editorial board o f  
neuropathologist s i n  t h e  world and are avai l ab l e i n  any medical 
l ibrary in the form of a 24 -page paper with over 30 high -qual ity 
photomicrographic i l lustrat ions (8 ) . 

As to the que st ion of gavage being an inappropriat e  method o f  ad 
mini stration , I have heard that compl aint made before , especia l l y  
with reference t o  m y  u se o f  gavage t o  study toxicity i n  infant an i 
mal s .  The first thing I must point out i s  that i f  you want t o  have 
excel l ent contro l over dosag e  so that you can make stat ements about 
how much the an imal rea l l y  received into the gastro int est ina l tract , 
gastr ic intubat ion i s  abso lutely  the preferred approach . 

Secondl y ,  the way we feed human infant s in this  cul ture i s  essen
t ial l y  by gavage . We do not l eave them free to roam around their 
cage (home) to n ibb l e  ad l ib on food throughout the 24  hours of  the 
day . That is  the way rat s  do , but that is not the way humans - 
human infant s ,  a t  l east - - feed . At a des ignated feeding t ime a 
human infant is fed as rapidly as the food can be spooned into his  
mouth ( addit ive s inc luded) : first a j ar of processed meat and vege
tab l es ,  then perhaps a j ar o f  sweet dessert , and then he is laid to 
rest with a m i l k  bot t l e  p lugged into his mouth . The p l an is to fi l l  
his  stomach t o  capac ity wit h in a s  short a per iod o f  t ime as pos s ible . 
Now that i s  essent ial l y  gavage .  

HARPER :  We l l ,  I quest ion whether a baby can drink 1 2  ounces , 1 6  ounces , 
3 2  ounce s of m i l k  as a gavage .  Al so ,  i t  i s  int erest ing t o  not e that 
46 percent of the protein in cerea l s  con s i s t s  of g l utamic and aspar
t ic ac ids . About 3 0  percent of the proteins of meat product s is  
aspart ic ac id ; so  if we  eat a steak we are probabl y  g ett ing a gavage 
o f  glutamic and a spart ic ac ids , too . 

OLNEY : Yes , but it takes qu ite some t ime for the protein to  be 
digested , and the aspart ic  and g lutamic ac ids ingested as prot ein 
are go ing to be dribb l ed into the b l oodstream over several hours , 
period of  t ime . Actua l l y ,  this  represent s a minor safety factor 
working in aspartame ' s  favor . Being a dipept ide , it wil l require a 
br ief d igest ive process  to make the aspartate avai l ab l e  for absorp 
t ion . 

HARPER : That is right . And I t h ink it i s  important to not e that t he 
gavage t echnique i s  effect ive in produc ing l e s ions , because you can 
overload the stomach tremendous l y  by gavage and caus e rap id emptying . 
I f  a substance i s  drunk as a suspen s ion ,  its  entry into the intes 
t ines i s  regul ated by the rate of stomach-emptying . The stomach is  
a very important regu l atory organ un l e s s  it i s  tremendou s l y  over
l oaded , and one can overl oad it by inst i l l ing into i t  large volumes 
of  so lut ion . 
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OLNEY : I agree with that , a l though , over l oad ing an ima ls may mere l y  
result i n  defecat ion rather than absorpt ion of the t e s t  material . I 
do have another concern , though , and that is that the immature human 
may be dependent for prot ect ion from g lutamate and aspartate on a 
transaminat ion mechan ism in the gastroint est ina l tract which can 
hand le  l imited loads of these amino acids by transaminat ing them to 
al an ine . We do not know very much about that in young humans ,  and 
above al l ,  we do not know how many humans are defi c i ent in that 
enzyme system or how eas i l y  it m ight be over loaded when both the 
ordinary amount s of  aspartate and g lutamate in the diet are j o ined 
by addit iona l free g lutamate and aspartame being added in gram quan
t i t ies  to  that diet . Again by adding more and more of these amino 
acids on top of what is norma l l y  in the diet we may be creat ing a 
human gavage s ituat ion . 

HARPER : There have been stud i es on absorpt ion of amino acids in man , 
us ing a doub l e  lumen tube . These  show , as in the rodent , that g lu 
tamic and aspart i c  acids are t h e  mo st s l ow l y  absorbed of al l the 
amino acids and that their concentrat ions  in pl asma do not rise  in 
response to a load as read i l y  as do most other amino ac ids { 5 ) . 

PFAFFMANN : This is an important is sue , and there is  an obv ious differ
ence of  opin ion on the p l atform here . As I understand , there wi l l  
b e  a hear ing invo lved at which some o f  this  and1 other ev idence al so 
wil l be brought forward . As far as we are concerned , we have had 
the i s sue presented . The reso lut ion is not going to t ake p l ace here 
today from what I have heard of the discuss ion . 
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MONELL I N  

Mor l ey R .  Kare 

About 4 0  years ago , a report ( 1 )  suggested that i f  there were too much 
pressure in the womb , one could  inj ect a l it t l e  saccharin and the fetus 
would  be encouraged to consume the amniot i c  fluid , thus reducing the 
pres sure . Thi s  work inferred that at s even months the fetus wi l l  re
spond to sweet stimu l at ion . It fo l lows that at birth a baby might have 
a wel l -deve loped sense of taste . I n  studies in our l aboratory , babies 
one day to three days of age were tested with a vari ety of sugars and 
other taste st imu l ants ( 2 ) . Typ i ca l l y ,  they were offered either water 
or sugar solut i on midway between their schedu l ed feedings . They re
sponded to sucrose at concentrations roughl y  equival ent to what might be 
meaningful  in the adu l t . I t  was conc luded that not onl y  wi l l  newborns 
respond to sweet , but they wi l l  d i s criminate among sugars . 

I t  i s  interest ing that m i l k  sugar ( l actose) i s  not part i cu l ar l y  
effective as a t a s t e  st imu l ant . This  suggests that it  i s  not chemical 
imprinting or ear l y  experience with mi l k  that devel op s  thi s sweet taste . 

I n  calves , where it i s  c l ear that they get l actose and nothing much 
e l se in the way of sugars ear l y  in l i fe ,  the story is s imi l ar . I n  a 
choice s i tuation , the young cal f  wi l l  doubl e  i t s  fluid intake , s e l ect ing 
a 1 percent sucrose solut i on almost 1 00 percent of the t ime ( 3 ) . Obvi
ous l y ,  the drive for sweet stimulat ion , or  i t s  equival ent in animal s ,  
can occur independently  o f  ear l y  experience . Incidenta l l y ,  most  humans 
find ! -percent sucrose insipi d ,  or even offens ive . 

The suggestion has been made that taste buds must  be kept in fight ing 
trim to respond to sweets , that i s ,  a continuous exposure to sweets is  
neces sary to maintain the  drive for them . The first  time I heard thi s 
asserti on contradicted it was by Sir Stanton Hicks , who had worked with 
the aborigines in Austra l i a  about S O  years ago . He said that he could 
get the individual s  l iv ing in primi tive i so l at ion to do  j ust  about 
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anything b y  g iv ing them some sweets . I have heard anecdota l l y  that i f  
you can s t i l l  find a midd l e - aged Eskimo who has not been expos ed t o  
Western cul ture , and offer him sweet s ,  he wi l l  respond immediat e l y . 
Apparent l y ,  having soda pop and candy bars continuous l y  through l i fe i s  
not necessary t o  keep a sweet tooth functioning . The taste receptors 
w i l l work and respond at any age to the initial  exposure to a sweet 
stimu l at i on . 
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F I GURE 1 Mean volume of 
sugar so lutions and wat er in
gested by infants offered dif
ferent concentrat ions of sugar 
so lut ions . From Desor et  a Z . , 
reference 2 .  

F IGURE 2 Mean volume of 
sugar solut ions and water (W) 
ingested by infants  offered 
di fferent sugars . From Desor 
et aZ . , reference 2 .  
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F I GURE 3 The adu l t s  responded almost equa l l y  to 
the four sucro se concentrat ions . However , approxi 
mate l y  hal f  o f  the ado l escents ( 9 - 1 5  years)  pre
ferred the h i ghest concentration . From Desor et al . , 
reference 4 .  

Al l  taste buds in al l peop l e  do not respond to sugar in the same 
manner . There is an enormous variation among individua l s . Over 99 per
cent of humans wi l l  respond to sucros e  at some concentration . What i s 
mor e ,  investigators in our laboratory have found that whi l e there i s  a 
great deal of  var iation between individua l s , the response i s  constant 
for an individua l over a period of time .  

Does the response to sweet observed i n  the newborn change i n  the 
ado lescent ? A study on sweet and s a l t  perception was carri ed out employ
ing  618  ado lescent s and 1 4 0  adu l t s  as contro l s  (4 ) . Sucrose was offered 
at four concentrat ions . The adu l t  population responded , in terms of 
preference , about the same at al l concentrat ions . However , the ado l e s 
cent re sponds preferent i a l l y  t o  h i gher concentrations of  sweet . Thi s  
would b e  in agreement w i t h  t h e  data that Dr . Cantor gave you yest erday 
in terms of consumption in the populat ion . 

This  preference for sweet was independent of  soci oeconomic background . 
However , it i s  interes t ing that b l ack ado lescents  responded to the sweet 
at h i gher concentrations than did the wh ite  ado lescent s .  

As we get o l der , the number of  taste buds goes down . A study by 
Arey (5) in an age group 74 to 85 indicates there i s  a 60-percent loss  
o f  taste buds , and of  those that are l e ft ,  on l y  SO percent are functional . 
I n  this  age group , therefore , approximate l y  20 percent of the taste buds 
are functional . 

To assess  the chan ges in taste preferences , i f  any , with age , we 
evaluated three age groups : 40 to 4 5 ,  the contro l s ;  65 to 70 , our mature 
group ; and 80 to 85 , our aged group . 
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F I GURE 4 The response  to the h i ghest concentrat i on o f  
sweet was more evident in the b l ack ado l e s cent than i n  
the white . From Desor e t  a Z . , reference 4 .  
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F I GURE 5 There is no s ig 
nifi cant di fference in 
sen s i t iv ity to sucrose be
tween the mo st elder l y  and 
the contro l s . 

There are many t i ssue changes in the ora l cavity w i th age . Limit ing 
mys e l f  h ere to report ing on the response to sugar , sucro s e ,  there was 
no s i gn i fi cant los s in s ensi t iv i ty ,  and ab solutely no l o s s  in the pref
erence for sucros e .  The test ing procedure we use  requires about 3 0  to 
45 minutes per individual . In  addi t i on to the thresho l d  test ing , we 
employed some pract ical tests with commerc i a l  product s prepared with 
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d i fferent l eve l s  of sugar . The subj ects 80 to 85 years of  age cou l d  d i s 
criminate the sugar content d i fferences equal ly  a s  we l l  a s  the contro l s . 

One can expect v i s i on prob l ems at 4 0 .  Diminished hearing capab i l ity 
can be  pred i cted a l itt l e  l ater . It  i s  good to know that your taste 
preferences wi l l  probab l y  be with you al l your days . 

A question has come up repeated l y  in the l ast  two days about what 
function taste serves in the body . I canno t answer al l aspects of this 
question here . I wi l l  l imit myse l f  to one of the best examp les  of the 
function of the sense of  taste in the human . 

Some of the discussion here has focused on nutri t i on .  Nutrition con 
sists  of  more than a preci s e  bal ance of required foods . The nutri t ive 
process  beg ins in the mouth with taste s t imu l at ion . G lucos e taken by 
mouth w i l l  evoke an insu l in respon s e ,  which occurs before the c i rculat
ing  hyperglycema ( 6) . The same g lucose  by tube wou l d  not  evoke a 
paral l e l  effect . Therefore ,  ora l s t imulat i on with a sweetener can in
fluence c ircu l at i ng hormones .  

I f  you pop a candy in your mouth , you know that sal iva i s  secret ed . 
There i s  no question that the amount of sucrose in  food wi l l  affect the 
way you chew the materi a l  and also  the way you swal low i t . But more 
important , there are many things that you are not aware of . Oral  s timu
l ation can influence contraction of your stomach . Strong ora l stimula
t ion can affect the  mot i l ity of the  intest ine . 

Working with dogs ( 7 ) , we p l aced chronic fistulas in the s tomach and 
in the intestine . The dogs become fami l iar with l aboratory routi ne and 
are re l axed when tested . I f  c l ay i s  app l i ed to their tongues ,  nothing 

F I GURE 6 Pos i t ion of gas tri c  
and duodenal cannu l ae . From 
Kare , reference 7 .  
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F I GURE 7 Pos i t ion of  intest inal cannul ae in re l at ion 
to pancreatic duct . From Kare , reference 7 .  
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happens to pancreat ic  flow . If  you put some quinine on  their tongues 
(dogs are offended by quinine) , nothing wi l l  happen . However , i f  a 
l it t l e  sucrose i s  p l aced on their tongues , the vo lume of pancreati c  flow 
goes up and the protein content of the secret ions increases . I f  you put 
lard , whi ch they l ike , on their tongues , a simi lar si tuat ion occurs . 

In summary , an unp l easant taste st imulus had a s igni ficant l y  di fferent 
effect on the character and volume of pancreat i c  fl ow than did a p l easant 
st imu lus . 

Apparent l y ,  p l easant taste s t imu l i  wi l l  affect the activ ity and the 
secretions along the digest ive tract . Current l y ,  Dr . Nairn i s  working in 
our laboratory ident i fy ing the indivi dual enzymes that are affected by 
oral stimu l at ion , and a l so with o l factory s t imu lation . 

I can on ly interpret the pancreat i c  effect in humans in terms of in
formation done by others , not direct l y  re lated to thi s research . Before 
Ho l l ander could operate on chi ldren with an obstructed esophagus , he 
was temporari ly feeding them by means of a fi stu l a .  When he p l aced food 
direct l y  into the digest ive system ,  he found that he had to increase the 
amount of food cons iderab ly to maintain them . I f  he permitted the ch i l 
dren to chew the food first and then introduced i t  into the fistula , 
they coul d  be maintained on a norma l amount of food . 

At our l aboratory , Kemper , a pediatrician ,  was working with infants 
born with mal formed mouth parts , often comp l i cated by a c l eft palate . 
They are common ly tube- fed . Kemper fed these babies  spoonful by spoon
fu l . I t  took him considerab l e  t ime , but apparent ly  oral stimu l at i on 
considerabl y  improved the progno s i s  in these infant s .  Thi s  suggests 
that taste i s  important , part i cu l ar l y  i n  the young . It  has been pub l i c l y  
stated that i t  i s  unimportant to flavor baby food , that fl avor i s  there 
to se l l  the mother . However , the evidence would indi cate that a good 
case can be made that i t  i s  important that the taste of food , part i cu
l arl y  for very young chi ldren , be made appeal ing to them . There may be 
room for that s ixty-third product Ms . Gus sow ment ioned . There are some 
Victorian ethi cs that have spi l l ed over into the food fi eld : the idea 
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that i f  i t  i s  p l easant , i t  must be s infu l . The cas e has been presented 
that the p l easantness of  food can have phys iolog i ca l  funct ions . 

I wi l l  move now to the subj ect that I was specifical l y  invited to 
speak on , that i s ,  the sweetener known as mone l l in .  Mone l l in i s  pur i f i ed 
from the fruit of Dioscoreophy Z Zum cumminsii.  Thi s  i s  re l ated to the 
sweet potato , but of  course in the sweet potato you eat the root . The 
berries are about the s i ze of sma l l  grapes . After removing the skin , 
there i s  a white  j e l ly and a bitter seed . 

Morri s  and Cagan (8)  in our l aboratory i so l ated the act ive material  
of  thi s  sweet j e l ly ,  and one  pound of the pure materi a l  was equival ent 
in sweetness to approximate l y  a ton of sugar . On a mo l ecu l ar bas i s , it  
i s  80 , 000 t imes as  sweet as sucrose ; that i s , it  i s  int ensely  sweet 
compared to sucrose . 

Mone l l in i s  a pure prote in , comp l etely  free of carbohydrat e .  As 
long as sucrose was a few cents a pound , nobody was l ooking for sweet 
proteins . Thi s  protein has a mo l ecu lar weight of 1 0 , 700 . I t  has 9 1  
amino acids . The on l y  thing unique about the amino acids i s  that there 
is no h i s tidine . Cagan (9) and associates have d i s covered many things 
about thi s  protein . The tert i ary structure i s  cri t i cal  for the sweet 
nes s ;  that i s , the three-dimensional nature of  the mo l ecu l e  i s  important . 
I f  they denature the protein , the sweetness i s  lost . I f  it  i s  revers 
ib l e ,  the sweetness wi l l  return . 

, 

15  e m .  

Dioscoreophyl lum cumminsii 
F I GURE 8 Mone l l in ,  a pure protein sweetener , i s  isolated 
from the berry of thi s frui t .  
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We are us ing mone l l in as a bio logical  mode l for research . One of  
the things that i s  exicit ing i s  that a big mo lecu l e  l ike thi s  probab l y  
cannot penetrate the taste ce l l , s o  you g e t  the sweet sensation with 
nothing pass ing into the cel l .  

Our scientists are isol ating taste cel l s  in a test tube and studying 
how a sweet material  acts on the surface to produce a sweet s ensation . 
Perhaps the peop l e  in the sugar industry here wi l l  take i s sue , but su
cro se and the s imp l e  sugars are rea l ly re lative ly poor sweeteners . I say 
thi s  in the s ens e tha t saccharin or monel l in are so much more effect ive 
at the receptor mo l ecu l es . There wi l l  be  do zens of new sweeteners com
ing along as we understand the mechani sm of sweet . With sweet st imu
l ant s l i ke sucrose , th eoretica l l y ,  a modifier cou l d  fac i l itate access 
to the taste cel l membrane . The l ikel ihood o f  increas ing the sweetening 
effect of sucrose  i s  reasonab l e . 

Reference by many speakers has been made to the sens e of taste in 
anima l s . Monel l in has not been effective in  the anima l s  we have tested 
it with . There are many anima l s  that do not have a sweet tooth . Chick 
ens do not have a sweet tooth - - they have no teeth . Cats , armadi l los , 
some fish , and cowbirds do not re spond to sugar . Sea l ions , I under
stand , and even whal e s  are in thi s  category . There are many spec i es , 
however , that do respond to sugar . 

Thi s  response vari es . The one sugar that chickens respond to i s  
xylose , which it rej ects . Cows love xylose . I t  i s  one of the most pre 
ferred sugars . But cows do not respond to mal tos e .  Ma l tose i s  the most 
preferred sugar of rats . And rats do not respond parti cu l arly we l l  to 
l actos e ,  but possums love i t . 

I wou ld l ike to make the point that wi th synthetic sweeteners , nobody 
mentioned that most fai l  to evoke a pos i t ive response in anima l s .  At 
high concentrat ions , I would guess , they are offens ive to many species . 
Whether or not they produce a p l easant sensat ion can be meaningful  in 
toxicity evaluat ions . It can be s i gnificant if  one were to adminis ter 
to a l evel  where you are comp l etely  distort ing the phys iological  effect 
that you are expect ing from that compound in man . I think it  is crit ical  
that al l of the sweet compounds that are coming along , i f  they are 
tested in animal s for toxicity , be admini stered at l eve l s  p l easant to 
the anima l s . Certainly , in terms of their effect on enzymes , hormones , 
and digestive tract activ i ty ,  we should try to have a behaviora l effect 
s imi l ar to that encount ered in man . 

One point that summari zes much of  what I have been saying to you i s  
thi s : taste has been crit i c i zed here in the l ast two days for being 
a vehi c l e  of poor nutrit ion . I t  i s  j ust  as easy to use taste as a 
veh i c l e  for good nutrit ion . 

D I SCUSS I ON 

PFAFFMANN : I am p l eased with the emphas i s  that Dr . Kare brought to this 
meet ing in whi ch the functiona l ity of the sense of taste has rather 
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taken a back seat . I a l so cannot refrain from the usual interchange 
we have when we appear on the same p l atform . Dr . Kare made the point 
that there are many organisms that do not have a sweet tooth l ike the 
human , and in fact , there i s  no denying the evidence . The point that 
I always l ike to stres s ,  however , i s  the remarkab l e  fact that there 
i s  such a widespread occurrence of the sweet tooth in the animal 
kingdom . He i s  interested in the di fferences ;  I am interested in the 
s imi larities with the human case . 

The part i cular point , however , of  the d i fferent effects of syn
thet i c  sweeteners and taste modi f i ers in d ifferent species i s  very 
we l l  estab l i shed . Treat ing sens i t ivity across  a l l organi sms as if i t  
were the same wou ld  be a great mistake . But on the other hand , there 
are instances where a test  or model spec ies  wi l l  have great s imi l ar 
i t ies  to man . Therefore these can be used in experiment s that are 
not sui tab l e  for the human , such as the tracing of the brain pathways 
and the ana l y s i s  of the hypothal amic motivat i ona l mechan i sms . We can 
rely very heav i l y  on those instances where there is a demonstrated 
s imi l arity . 

We have a final session coming up . Perhaps we ought to ask now 
if there are comments or any point s that the Forum wi shes to bring 
up . 

CHOATE : Dr . Kare , I not i ce you brought up the reactions to varying 
increments of sucrose in a rather b l and mix as peop l e  change by age 
and by race . Do you know of any stud i es in which the amount of su
crose has been increased to the point that there has been a decrease 
in interest in the sweetne s s ?  Are there any s tudies that would  e s 
tab l i sh a t  what percentage l evel of sucros e  the tongue of  t h e  average 
c i t i zen was unab le  to detect increased sucrose in a mix? Do you 
know of any studies  whi ch refl ect on this  by age group ? 

KARE : I invite you , Mr . Choat e ,  to come and vi s i t  Mone l l  Center to 
observe test ing peop l e  for the l evel of sens i t iv i t y  and for preference 
l eve l . They test up to a concentration where the sweetener becomes 
nonpreferred . 

KRAYB I LL :  I bel ieve , i f  I remember your charts correct l y ,  you showed 
the di fference in sex on s ens i t iv i ty . That is the first quest ion : 
Do you have any exp l anat ion for i t ?  The other quest ion i s : In terms 
of thi s  mo l ecu l e ,  do you know the structure or do you know the l ink
up with the various pept i des ? Do you have any i deas about th i s ?  

KARE : F irst , l e t  m e  answer the one on sex .  I f  I can I wi l l  us e s a l t  to 
i l lustrate the answer because i t  is some work I did myse l f .  I n  a 
group 80 to 85 years of  age , the di fference between the response i s  
dramat i c . The sens i t ivity thresho l d  concentrat ion where i t  i s  first 
detected in the ma l e  goes up . However , i t  does not go up at a l l  in 
the femal e .  
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I cou l d  not give you the reason why in the adol escent there i s  a 
sex di fference . Perhaps it  ref l ects the greater need for calories 
in the mal e .  

On the structure of mone l l in and the nature of the mo l ecu l e , 
rather than take up time here , I wi l l  refer you to a s eries  of papers 
by Cagan and coworkers . (See references . )  

P IETZ : From studies  in phys iolog i cal psycho l ogy , I understand , Dr . Kare , 
that chi l dren have a much more sens i t ive sense of taste , particu l ar l y  
the infant , than does the adu l t . D o  you agree with that from any 
studies that you have done ? 

KARE : No , that i s  not true . I did not go into the moda l i t i es other 
than the sweet one because of the l imitation on t ime . The newborn 
baby does not respond we l l  to bitter or s a l ty s t imul i .  The response  
to  sucrose i s  s l i ght l y  l e s s  than that encountered in the adu l t . So 
I would say the newborn ' s  sense of taste i s  not as wel l deve loped as 
that of the adu l t , if we consider a l l the moda l i t ies . 

P I ETZ : Then you wou ld  tend to see sucrose being added to baby food as 
re l ativel y  a good thing for gett ing the baby to eat ? 

KARE :  I work on taste ,  the phys iology of taste , not nutrition per se . 
I woul d  not i s o l ate one compound from the entire baby ' s  diet . I t  i s  
my fee l ing ,  o n  the bas i s  of everything w e  have seen , that it  i s  im
portant that the infant ' s  food be highly appeal ing . As soon as any 
anima l , inc l uding the human , i s  put under stres s , food intake drops 
down ; i f  you make it  high l y  appeal ing , food intake wi l l  go back to 
the orig inal l eve l . 

You can see thi s  phenomenon in any wean l ing anima l . When a baby 
pig is removed from i t s  mother and p l aced on commercial  starter , it  
i s  made appeal ing so that the  food intake wi l l  be maintained at  the 
normal l eve l . 

I f  you p l ace a baby , or a young anima l , in a strange environment , 
food intake drops off . I f  you make the food highly appeal ing , in
take rises . So there seems to be reason to make infant food highly 
appeal ing .  

P I ETZ : A l l right . One parting quest ion . I s  part of  the prob l em with 
gett ing youngsters to eat vegetab l es -- part i cu l ar l y  vegetab l es that 
have something of a sour or a bitter taste - - a prob lem with their 
taste?  Is  the  young ch i l d  more sens i t ive to these  tastes  than the 
adul t ,  so that even if he tends not to l ike these foods now , l ater 
as an adul t he might l earn to l ike them? 

KARE : I am lucky I am a profes sor . I do not know the answer to that , 
and I can afford to say so . 
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PATRI C I A  HAUSMAN , Center for Science in the Pub l i c  Interest : I think 
that Dr . Kare is imp lying that carrots and beans and rice do not taste 
good , and that we have to add sugar to them to make them taste good 
and to make them appeal ing . 

PFAFFMANN : He did no t say that . 

HAUSMAN : I think that baby food without sugar wou ld  certainly be ap
peal ing enough to infants . I am a l so fami l iar with the work of  
Dr . Desor , and I not ice in one of her art i c l es that infant s consume 
more of sweetened foods . I do not neces sar i l y  think that th i s  i s  
good with the rate of obesity  and overeat ing i n  this  country . I do 
not think we need to encourage overconsumption of foods ; and I do 
think that foods minus sucrose are certain ly  acceptab l e . 

KARE : I t  i s  a very interesting comment you have , but I do not know how 
it rel ates to what I had to say .  For al l I know , some of the sensory 
qual ities  in carrots , by themse lves , are very appeal ing , and may be 
unique l y  appeal ing . Nobody has ever eva l uated that , and to interpo 
l ate i t  the way you did , it  i s  difficu l t  for me to cha l l enge . 

What I said i s  that s ensory s t imulat ion , in terms of secret ions 
along the gut , in  terms of act ivi ty,  seems to be as important or more 
important in the very young anima l or the young ch i l d  than in the 
ad�l t . The dec i s i on as to whether or not you add sugar should con
sider the phys iological  funct ions served by taste s t imu l at ion . 

HAUSMAN : I t  seemed to me that you were saying that foods have to be 
high l y  appeal ing in  order to be eaten , and I think that peop l e  eat 
because they are hungry , and that they do not eat high ly  sweet ened 
foods . 

A l so it was said that there may be room for a s i xty -third product , 
referring to Joan Gus sow ' s  remark about cerea l s ,  and in  the next 
breath you said that sucrose is a lousy sweetener . Cons idering that 
many of the ch i l dren ' s cerea l s  on the market are 40 to 50 percent 
sucrose , I think that there real ly  is not room for the s ixty-third 
product .  
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THE SEARCH FOR NEW SWEETENERS 

George E .  I ng l ett  

Among the  sweetener i s sues and uncertaint ies  that are to  be discussed , 
I think we should  consider some of  the new sweeteners as potential  
a l t ernatives . 

In the formu l at i on of food products , a vari ety o f  nutrit ive as we l l  
as nonnutr i t ive sweeteners afford the best opportunities  for providing 
consumers wi th exce l l ent foods . A food product must  be s o ld ;  otherwi s e  
you wi l l  not find it  in t h e  marketp l ace . In order to have succes s fu l  
food products , there are certain sensory and functional properties  that 
sweeteners must  fu l f i l l . A variety of sweeteners , in my estimation , is  
the  best approach to thi s  probl em .  We  need saccharin , cyc l amate , aspar
tame , and others , part i cu l ar l y  to meet the  food needs of the  diabet i c  
and t h e  d i et - cons cious . 

I wi l l  cover a few of the other sweeteners that you have not heard 
much about . One of them i s  stevioside . Thi s  occurs in a p l ant that 
grows in Paraguay and surrounding areas of Braz i l  and Argent ina . I t  
occurs t o  the extent o f  about 6 percent i n  the l eaves o f  the p l ant known 
as Stevia rebaudiana Bertoni . The Indians  us e this  p l ant mat er i a l  to 
sweeten their tea and other bitter foods . 

Another substance - - and i t  happens to be the sweetest material  on 
the GRAS l i s t  - - i s  known as g lycyrrh i z in ,  better known by most peop l e  
a s  l i cori ce extract . I t  i s  wide ly used to flavor candy , tobacco , and 
pharmaceutical s .  

There are other sweeteners on the hori zon . Some new ones are ob
tained from certain c itrus fl avono ids . These sweeteners were d i scovered 
in the ear ly sixties  by Horowi t z  and Genti l i ,  who hydrogenated naringin  
and neohesperidin to give  unexpected sweet dihydrochalcones . 

Another compound , os l adin , has been discovered that probab l y  does not 
have any pot ential  as a sweetener , but yet it is a natura l l y occurring 
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sweet substance .  Just becaus e it  is natural ly  occurring does not mean 
that it cou l d  not be toxic . We a l l  know that there are some l ethal 
compounds that do occur in nature . Os l adin was discovered by some 
Yugos l avian workers , and I think it has some theoretical interest bas ed 
on its  structural  re l at ionship to other sweeteners I have mentioned in 
having a ( 1+2 ) l inked disaccharide moi ety as a g l ycos ide attached to 
another portion of the mo l ecu l e .  Some re lated compounds are being syn 
thes i z ed a t  th e Northern Regional Res earch Laboratory in an attempt t o  
associate certain types o f  structures to t h e  swee t - taste phenomena . 

In preparing a few words on the intensely sweet wild  fruits  and 
berries , I was struck with a bit  of nos talgia . I t  was twe lve years ago 
that I was empl oyed by the International Minera l s  and Chemical Corpora
t ion to work on the "mirac l e  frui t , "  Synsepa Zwn duZcifiawn. At the t ime 
we discus sed the proj ect with Dr . Beid l er ,  Dr . Pfaffmann , Dr . Kare , and 
others . Dr . Beidl er di scussed mirac l e  frui t ear l i er in this  Forum . I t  
i s  the remarkabl e  fruit that causes sour things t o  taste sweet . That i s , 
after you have eaten one of these berries , you can eat an ordinari l y  
sour l emon , and it  wi l l  t a s t e  l ike sweet l emonade . A s  you heard ear l ier 
from Dr . Beidl er ,  the FDA refused GRAS status for mirac l e  fruit concen
trate . 

After a few years of working on mirac l e  frui t ,  we had probl ems at 
I nt ernational Mineral s  and Chemical Corporat ion . In  an attempt to so lve 
some of these problems , I found some sweet berries  and went back into 
the l aboratory to put them in water to fi l ter the material , and found 
the extract to be exceeding l y  sweet , s imi l ar to a saccharin solut ion . 
I cal l ed the sweet berries serendipity . The serendipity berries are 
what Dr . Kare d i s cus sed as the Dioscoreophy Z Zwn cumminsii� which gave 
them mone l l in .  At the t ime we did not know the botanical name for the 
berries , but within several months I found a botanist  in Si erra Leone 
who knew the berry to be Dioscoreophy Z Zwn cumminsii . 

We did a lot of work that has never been pub l i shed , and I am sure 
never wi l l  be , on botanical  searching in Nigeria and certain sect ions 
of East Africa around Lake Victoria . We conducted a survey in N igeri a ,  

· start ing from t h e  rain forest i n  t h e  south and working from vi l l age t o  
v i l lage up through t o  the desert in the north . The obj ective was to 
find any material  that had sweetnes s  greater than sugarcane . There were 
some surprises , inc luding some of the successes that we have heard about 
here and others wi l l  be heard about in the future . A new discovery was 
Katemfe . Botanica l l y  it is known as Thaumatococcus danie Z Zii . I ts 
sweetener princip l e was found by Uni l ever researchers to be two proteins 
that account for its intense sweetness . Dr . Kare referred to the high 
intensity sweetness  of  mone l l in ;  the Katemfe protein sweeteners are a l so 
very sweet . Mone l l in as obtained from the serendipity berries i s  2 , 500 
t imes sweeter than sugar , whi l e  the Kat emfe sweeteners are 1 , 600 t imes 
sweeter than sugar . 

Many outstanding groups and scientists  have cont inued this area of 
research , inc luding Dr . Beid l er at F l or ida , Dr . Kare at Mone l l , a group 
at Dynapo l ,  and Uni l ever NV in Ho l land . I am sure many other peop l e  
are working o n  these very interesting tas t e-provok ing mo l ecul es . 
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We should  cont inue to expand our knowl edge of these material s and 
add other potent ial  sweeteners . We should not restrict our choices of  
foods ; we  should expand our hori zon and think of new developments .  

The Queen of Eng land , some one hundred years ago , offered a fantastic 
amount of money i f  she could j ust  taste one mangosteen . Thi s  fruit has 
a wonderful fl avor and grows in I ndonesia . Obvious l y ,  at that t ime , it 
was not pos s ib l e  for a real one to be s ent to her over such a distanc e ;  
science and t echno l ogy had not been developed to make i t  pos s i b l e  a t  any 
price . Today we have magnificent science and t echno l ogical devel opment s .  
We can do many wonderfu l  things . I t  would be a shame i f  we did not take 
the pathway of searching and finding new sweeteners to make and provide 
better foods for consumers . 

D I SCUSS ION 

ROBERT HARVEY : I am the ex-pres ident of the Mira l in Company , which 
spent some seven years devel oping the mirac l e  fruit  products . I 
would l ike to c l arify and expand a bit  on some of the things that 
George I ng l ett mentioned . 

We spent seven years and $ 7  mi l l ion develop ing the mirac l e  fruit  
ent erprise , including substant ial research on the  metabo l ic safety 
of the product . We kept the FDA informed over the years as we con
t inued this  work . I n  the  fal l  of 1973 , we  presented a bri ef to the 
FDA . Having compl ied with a l l of the then - exist ing FDA regu l at ions , 
we informed the FDA that this mat erial  was about to be market - tested 
as a GRAS food item .  

We proceeded with the market -testing , whi ch gave us some unexpected 
and interest ing resu l t s . We found that the average consumer had a 
lower acceptance of the product than we expected . We found that 
peop l e  interested in diet ing had about the expected response .  There 
was a tremendous acceptance from diabetics . About 83  percent of the 
diabet ics who tried our product ,  invo lving ext ensive testing in their 
homes ,  preferred it to their present diet and wanted to cont inue . 
Mothers of j uveni l e  diabet ics  were part icu l ar l y  p l eased with the prod
uct and were int erest ed in cont inuing the program . This  a l so was 
true for late-onset diabet i c s , that i s ,  diabet ics  who found it very 
difficu l t  to practice  a new d i et l at e  in l i fe . They found our a l ter
nat ive to the other sweeteners a very interest ing one , a very p l eas
ant one , and one that they wanted to cont inue 

We a l so had done quite a bi t of devel opment work on con fect ion 
product s  for chi ldren . The one thing this Forum seems to agree on 
is that there are many product s  cont aining sugar , part icu l ar l y  the 
between -meal snacks and the s t i cky type of  sucrose- containing prod 
uct s , that contr ibut e to dental cari es . We found that we cou l d  
develop these very confect i on products b y  us ing t h e  mirac l e  fruit 
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concentrate a s  the sweet ener . Tests  showed that our confect ion 
products  were preferred over the sugar- sweetened vari ety . 

The who l e  proj ect came to a hal t  in September of 1 974 ,  when we 
received a l etter from the FDA , t e l l ing us that th i s  material  was now 
regarded as a food addit ive , and that since there was no l egal food 
addit ive order out stand ing , the product was to be removed from the 
market immediately . We were to not i fy FDA within a spec ified number 
of days that we had comp l i ed with this  regu latory l etter . 

Thi s  development was qui te  unexpected . From the cont act and feed
back that I had had from the FDA up to this  point , this  was contrary 
to the expected respons e that we had been l ed to bel i eve wou ld be 
forthcoming . Mr . Ronk asked for some feedback ; I would  l ike to g ive 
him some . 

In the fo l low-up s ince the regu l atory l etter ,  the FDA has stated 
that as far as they know , there i s  no reason to suspect a lack of 
safety with thi s product ; yet it was essent i a l ly banned from the 
market .  We know that severa l other sweeteners are sold that are 
known to have adverse effect s .  We have heard the discus s i ons of 
saccharin , cyc lamate , and even sugar . There is a controversy over 
the safety of al l these sweeteners . Yet the FDA says that a pure 
fruit  concentrat e ,  one of the sweet eners that was on the market  and 
that they had no reason to suspect the safety of , must be banned . 
The banning of th i s  product caused the fai lure of  the Mira l in Company . 
The product probab ly wi l l  not be made avai lab l e  even though we think 
that there are some tremendous hea lth benefits  to be derived from i t s  
use . Frankl y ,  it  i s  my persona l op inion that thi s was an unreason
abl e  pos i t i on on the part of  the FDA and that there could  have been 
some midd l e  ground - - not on l y  could there have been , but I think 
that there shou ld have been . 

The Comm i s s i oner and other official s of the FDA have stat ed on 
many occasions that they use a risk -benefi t ana l ys i s  to arrive at a 
final dec i s i on on products such as ours . Yet the FDA has never asked 
us for , and I am qui te sure it  does not have , the information on the 
benefits that could  have been derived from the use of  our product . I 
fee l quite confident that they did not , in fact , make a risk -benefit 
ana l ys i s  when arriving at their dec i s ion . In  fact , the bas i s  of 
their deci sion i s  not c l ear to me at thi s date . The FDA sti l l  has 
not chosen to t e l l me the basi s  for their action , wh ich I find very 
embarras s ing s ince I am not ab l e  to describe to the stockho l ders who 
put up the $ 7  mi l l i on why the FDA has in fact taken the act ion that 
they have taken . 

I apprec iate the opportunity to bring these facts before this  body . 
I al so wou ld l ike to point out some of  the things that I think are 
dangerous in thi s  act ion by the FDA . I have tal ked to most  of the 
maj or representat ives of capital  souces of money in th is  country . 
Even five or s i x  years ago , these sources of money - - wh ich i s  one 
of the ways that new products  get deve loped - - were very much afra id 
of proj ect s that invo lve or require the approval of  the FDA .  I be 
l i eve that act ions such as the FDA has tak en in our s i tuat ion and in 
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other s im i lar ones - - where you j ust cannot seem to arrive at a 
reasonab l e  pos it ion wi th the FDA to negotiate or arrange for any k ind 
of a midd l e -ground pos i t i on - - wi l l  have an adverse effect in the 
future in terms of be ing abl e  to raise money from privat e sources in 
order to develop products  that are to be regulated by the FDA . 

There i s  another consequence of this  act ion : as the FDA takes a 
much more rigid and tougher pos it ion , it i s  rai s ing the development 
t ime and cos t s  of these various produc t s . Even those  l arge compan ies 
that can afford these l ong -range and very expen s ive development pro
grams can undertake them onl y  i f  the return on investment indicates 
that i t  i s  j us t i fi ed .  Thi s  means that such programs wi l l  be l imited ,  
therefore , t o  a very few special i zed product s ,  whi ch eventua l l y  could 
l ead to high vo l ume in the marketp l ace . There are certain sweeteners 
that would never find a market other t han use by diabet i c s  and some 
other individua l s  with special  d i etary probl ems . Wi l l  these special 
i z ed products  b e  developed in the future i f  1 0  or 1 5  years ' deve l 
opment t ime and $ 1 0 or $ 1 5  mi l l ion investment are requ ired before you 
can real i ze them? 

ANITA JOHNSON , Publ ic  C i t i z en Hea lth Research Group , Washington : I find 
your p l ea for a spec ial  exempt ion from the Food and Drug Act quit e  
extraordinary . The Food Addit ives Amendment to that Act says that 
al l new food add i t ives must be proven safe by scient ific  evidence 
submitted to the Food and Drug Admin i s trat ion , unl ess they are gener
al l y recogni zed as safe . 

Over the last  decade the courts have said that the t erm general ly 
reaognized as safe means that there i s  contro l l ed scient ific  evidence 
in the l it erature equal to the evidence required to be submitted to 
FDA in a food addit ive pet it ion . It should come as no surpri s e  to 
you that the FDA requires you to prove by contro l l ed scient i fic  evi 
dence that your product i s  safe before you market i t  on any wide 
spread bas i s , and I find i t  quit e  extraordinary for you to compl ain 
when FDA was j ust  enforc ing the law .  
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ANI TA JOHNSON 

COMMENTARY AND D I SCUSS ION 

Anita Johnson 
Samuel E .  Stumpf 
Richard L .  Veech 
Mi l ton R. Wes s e l  
Al exander Leaf 
Virg i l  0. Wodicka 

I would l ike to  make some general comment s  on themes that have run 
through the proceedings today . The comments are ent i t l ed "Consumer 
Princ iples  for Food Addit ive Dec i s ions . "  I am emp l oyed by Pub l ic 
C i t i zen Hea l th Research Group , an organ i zat ion aff i l iated with Ralph 
Nader that i s  supported by many ind ividual ,  smal l donations . 

The first consumer principle  for food addit ive dec i s ion i s : Demand 
that the add i t ive entai l s  no hea l th r i sk s . I f  there are pos s ib l e  hea l th 
risks , do not bal ance the risks with the benefits  to a l l ow marketing 
approval .  Food add i t ives , un l ike drugs , are not required by l aw to 
demonstrate a consumer benefit .  The on l y  thing t hey are requ ired by 
l aw to show is  that they have "funct ion . "  

Thi s  i s  in contrast to the s i tuat ion with drug s . For drugs , the 
bal ancing of bene fits  and ri sks is ent ire l y  legit imate . For one thing , 
the drug l aw requires contro l l ed c l inical and precl in ical ev idence that 
the drug i s  effective . There have been fou l -ups for thi s  requirement . 
For examp l e , in the Bureau of  Drugs ,  they occasiona l l y  s l ip up and ap
prove a new drug on the bas i s  of chemical effi cacy rather than thera
peut ic  efficacy , and there have been several tragedies  from this  type 
of s l ip -up , such as the MER/ 2 9  case and the case of  the oral ant i 
diabet i c s  drugs . However , in general , the Bureau of  Drug s requires 
evidence o f  both the benefits  and the s a fety , such that in the drug area 
there is approval for a very l imited use , not a use uncontro l l ed 
throughout the popu l at ion .  Moreover , the benefi t s  and risks of the 
drug for each pat i ent are individual l y  assessed after FDA assesses the 
benefi t s  and risks . And l ast , the benefit accrues to the same person 
who gets the r i sk , which i s  not always true in the food additive area . 

2 1 5  
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Dr . Me lmon ' s  comments  ear l i er today were very much to the point . I n  
the drug area , contro l l ed evidence of efficacy i s  requ ired . According 
to h im ,  there is no such evidence for nonnutritive sweeteners . When
ever we get into balancing the benefit s  in the food add it ive area , 
pecu l iar specters appear . F irst , on the benefit s ide we see lud icrous 
est imates  of cos t s  to the con sumer or of money saved for the consumer . 
For examp l e , with diethyl s t i lbestro l , we had the industry and the 
government c l a iming that removal of  di ethyl st i lbestro l  from the market 
would cost the consumer anywhere from 2 cents  to  38  cents  extra per 
pound of bee f .  These est imates were never substant iated . I n  fact , 
Congres sman Fountain ' s  subcommittee l ater showed that there was serious 
bas i s  to question whether DES real l y  made meat any cheaper , s ince the 
committee found that beef-rais ing requires a great deal more feed when 
DES i s  used than when it is not . 

Simi l ar l y ,  a recent art i c l e  in the Washington Post by Marian Burros 
pointed out that the cost of saccharin- sweetened soft drinks was keep
ing pace with the r i s ing  cost of sugar- sweetened soft drinks , so that 
in  es sence the saccharin drinks were giving the food industry the extra 
profit that i t  was l o s ing  from sugar drinks . In that case , the con 
sumer was n o t  benefiting financ ial l y  from t h e  u s e  of saccharin , even 
though profit s  to the industry were much higher because of i t s  use . 

Another lud icrous thing I see when the government s tart s get t ing in
to benefi t s  on the food addi t ives is  the so-cal l ed psychic  benefit . 
Thi s  has been used part icu l arly in a recent American Enterpri s e  I ns t i 
tute book that purports to do a cost -benefit ana l ys i s  o n  food addi t ive 
use . The author , Campbe l l ,  be l ieves that FDA must wei gh the psychic 
benefit against  the hea l th cost . The typical  question the "psychics" 
would ask in a pinch i s : How happy does i t  make a consumer to  see a 
red - cherry soda? We have heard today that the benefit of  nonnutrit ive 
sweeteners is to  be measured as improvement of the qua l ity  of l i fe - 
very nebu l ous . 

We al so heard today that nonnutritive sweeteners stop internal con
fl icts  among obese  pat i ent s ,  i . e . , they can have their cake and eat i t  
too . How d o  w e  prove that it  stops internal confl ict s ?  Wh o  says ? 
How do we des ign an experiment t o  show that nonnutrit ive sweeteners 
improve the qual ity of l i fe ?  

Th i s  qua l ity  of l ife stuff a l so runs throughout the med i cal profe s 
s i on .  I t  i s  an area in which drug regu l ators have to  be carefu l , too . 
You oft en hear doctors say ,  " I  want to make my pat i ent happy ; I want to 
make my pati ent fee l  that he i s  leading a normal l i fe . " That is  not 
the funct ion of the doctor . The funct i on of a doctor i s  to do what he 
can for the therapy of  an abnormal cond i t i on ,  not to make his pat ient 
h appy . The aim of  happiness by the doctor i s  what l eads to  an over
drugged society , whi ch N IMH stud i e s  have documented , the k ind of soma 
society where what the doctor is trying to do is not treat your d i s 
eas e , but make everybody fee l happy . 

The per i l  of  the government ' s  getting  into the benefit s  game in food 
addi t ives i s  ind i c ated in the n i trite s i tuati on . Nitrites have been 
approved so l e l y  for the coloring of  meat , and they have not been 
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approved for the control o f  botu l i sm .  There are not the exten s ive con
tro l l ed studies on botu l i sm ,  nor the considerat ion of alternative 
botu l i sm control s  such as adequate factory processes  or refrigerat ion . 

F inal l y ,  there i s  the extraordinary suggest ion by Dr . Crampton thi s  
morn ing that the benefits o f  saccharin could be demonstrated from pro
duction figure s . 

The second reason that bal ancing i s  very inappropriate in the food 
addi t ive area is that I worry about who does the bal ancing . Dr . Van 
Houwe l ing , the current director of the Bureau of Animal Drugs , stated 
at the Food and Drug Law Ins t i tute several months ago that the benefits 
and the risks should be "bal anced by bus ines smen through their trade 
associat ions . "  Certain l y  the NAS Food Protect ion Committee should not 
be in the bus iness  of balanc ing benefits  and risks . Thi s  committee has 
a l ong h i story of ind ifference to chronic  hazards (as opposed to acute 
hazards ) .  Thi s  h i story is documented in detai l in our book by Phi l ip 
Boffey , The Brain Bank of Ameriaa , a s tudy of the National Academy of 
Sciences and its committees . 

We recent l y  have heard FDA official s e ssential l y  saying that the 
way they bal ance the benefits and risks is to take the midd l e  pos i t ion 
between what industry thinks and what the consumer groups think . 

Last l y ,  the exact quantificat ion of  chronic risks i s  very d i fficu l t , 
and i t  i s  very hard to  find a common l anguage to  balance benefi t s  and 
ri sks . My own fee l ing i s  that i f  anyone balances benefits and risks in 
the food addi t ives area , it should be the Congress , whi ch should make 
speci fic  exempt ions for each s ing l e  add it ive when it conc ludes that the 
benefi t s  exceed known risks or known pos s ib l e  risks . Such balancing 
should  never occur at FDA . I say thi s  not because the Congress i s  
always ideal , but because we run tremendous risks in gett ing unbiased 
groups for balancing i f  we do not use the Congress . 

The second consumer princ ip l e  i s : Evaluate the negat ive data as 
critical l y  as the posi t ive data . We have seen here today the vul tures 
c l ose  in on the pos i t ive data on sacchar in , the two reports determined 
to show a s igni ficant increase in b l adder cancer from saccharin . Sud 
denl y  the troops are cal l ed into act ion . Suddenl y  b l adder stones be
come a maj or concern to inval idate these test s . Then we have the 
prob l em of impurit ie s , and consensus has deve l oped t hat OTS , whi ch i s  
no t  a proven carcinogen , must  b e  respon s ib l e  for the pos it ive resu l t s . 
We have no proof of this  at a l l . We have chronic  an imal studies o f  
saccharin and OTS together , n o t  of either alone . Y e t  everyone i s  
desperate to abso lve saccharin i t se l f .  

Then the comments are made that these s tudies  are inval id because 
the animal s  lost we i ght . Where i s  the equal l y  crit ical attent ion 
given to the negat ive studies , the studies that are al l eged to show 
that saccharin i s  safe , that s accharin does not cause cancer? 

Let me t e l l you briefl y what I found in l ooking at the al l eged l y  
negative studies . O f  eigh t  chron i c  feed ing studies , I could not get 
aho l d  of two o f  them -- the German and the Shubi k  studies  -- from the 
NAS or the FDA (which raises  the ques t i on of  how they could  have been 
studied) . Four of the studies  were essent ial l y  use l ess for any 
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in format i on a t  al l .  Two had total l y  inadequate examinat ion of anima l s . 
In  one , onl y  seven animal s  were examined ; in another , there was no 
microscop i c  evaluat ion of  the b l adder . ( B l adder tumors are not always 
v i s ib l e  to the naked eye . ) Another study , the Bionet i c s  study , had 
such a high rate of p i tuitary tumors in the contro l s  that according to 
a Nati onal Cancer Inst i tute anal ys i s , you cou l d  not show that any chem i 
c a l  was carc inogeni c  re l at ive to  those contro l s . I n  summary , four o f  
t h e  studies  c ited b y  t h e  Food Protect ion Committee and other speakers 
here as be ing negat ive were essent ial l y  us el ess . 

Four others , by our pre l iminary ana l ys i s , were pos i t ive - - and I say 
pre l iminary because more work wi l l  be done . In the Bio- Research mouse 
study , the overal l tumors were s ignifican t l y  increased . Primar i l y  they 
were lung  tumors . Thi s  corroborates the ear l y  F i t zhugh findings of  in 
creased lung tumors . 

In the Japanese study , whi l e  there were not b l adder tumors and the 
Food Protect ion Committee was correct  that it did not show increased 
b l adder tumors , there was a dramat i c  excess of  overal l  tumor inc idence 
in anima l s  fed sacchar in . 

In the Canadian study , i t  i s  true there were no b l adder tumors . 
However , there was a twofold  increase in l eukemias and l ymphomas . 

In the area of cancer , mul t i s it e  cancer i s  common . Initial l y  v inyl 
chl oride was found in animal studies  to produce angiosarcoma on l y .  
Recent an ima l studies  have shown that vinyl chl oride can a l so induce 
brain tumors and lung tumors .  Yesterday , at the New York Academy of 
Sc iences meet ing on occupat ional cancer , evidence was presented that 
v inyl ch l oride workers not on l y  contract angiosarcoma , but also  brain 
tumors and lung  tumors from exposure to this  chemical . Saccharin may 
we l l  be responsib le  for cancer in s ites other than the b l adder . 

I disagree with the derogatory remarks that merely aommeraia t sac 
charins were used in these pos i t ive studies . When we are exposed to 
saccharin , we are not exposed to pure saccharin ; we are expos ed to the 
commerc ial  variety . 

Wes s e l  says that unfortunate l y  the resu l t s  o f  the NAS report are not 
c l ear to the publ ic .  I say the report is ent ire l y  c l ear to the pub l ic . 
Saccharin has caused pos i t ive resu l t s  in two we l l -de s i gned , respon s ib l e  
experiments  that were conducted b y  pre s t i gious sc ient i sts . How can we 
go on inges t in g  thi s  material unt i l  we have proof of safety? It has 
no bus iness  on the market unt i l  the cancer questions  are answered . 

The third consumer princip l e : Do not refer important heal th dec i 
s i ons  t o  commi ttee s . The committee menta l i ty hits  everyone . In  a 
committee there are perhaps s ix to ten or fi fteen peop l e  s i t t ing around 
the tab l e  nodding comfortab l y .  The old  schoo l att i tude prevai l s  - -
"Joe l ooked at the data . I t  must be okay . "  Who goes home with that 
data and takes out a calcu l ator to go through i t ?  How many peop l e  
have even l ooked a t  these negat ive studies?  How many peop l e  have 
real l y  l ooked at these pos i t ive stud ies ? Who knows whether the l ines 
of f i gures are the same as the committee summaries ? Thi s  has been a 
terri b l e  prob l em throughout the FDA advi sory commi ttees . When an 
adv i sory committee enters the p icture , al l of a sudden the hard , serious , 
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sc ient ific work that goes on i n  individual o ffices s l acks off for som
no l ent avoidance of controversy . 

Las t , I fee l strongly  that FDA should regard one of its  primary 
miss ions as being a cancer-prevent ion agency . Cancer i s  epidemic in 
our society . One - quarter of us wi l l  contract cancer , and two - thirds 
of thi s  group wi l l  die  from it . About 80 percent of cancers are caused 
or influenced by exposures in the environment , such as chemical s .  As 
Dr . Shubik stated at the Nat ional Cancer Advi sory Committee last week , 
the old  idea t hat viruses cause cancer has pretty much gone down the 
tubes .  Cancer is caused by chemical s .  When we have a widespread 
chemical that almost  al l of us are exposed to , the first thing that 
should come to our mind is if 1 case of cancer , if  10 cases of cancer , 
1 0 , 000 cases of cancer might be caused by this  chemical with two pos i 
t ive studies , w e  shou l d  not b e  taking i t  in . Coo l Whip , Squigg l e s , 
Pink Panther , diet sodas , and the rest  are pos s ib l e  for us onl y  through 
the use of addit ives . 

I t hink that the question that we must  ask - - and the context of 
carcinogens i s  a very good p l ace to ask it  -- is whether our technol o g i 
cal abi l i t ies  wi l l  dictate our human values , o r  whether our human values 
wi l l  determine the course of our techno l ogy . With what we know about 
saccharin today , i f  we cont inue to use it in the absence of further 
studies , it would be one examp l e  of a society abandoning its humanity 
for the  chance to  disp l ay its  techno l ogical gimmicks . 

SAMUEL E .  STUMPF 

As I have l i stened during the past two days , some i s sues seemed to 
crystal l i ze .  There has been some talk that we find ourse lves funct ion 
ing in a democracy , and I think i t  i s  worth rai s ing this  issue , i n  a 
general way , in the form of quest ions . What i s  the j ust i fi cat ion for 
government intervent ion in the l ives of the members of a society? At 
what point is it appropriate to l imit the freedom of our c i t i zenry? 
Or to be more specific in re l at ion to the subj ect of this Forum : Should 
we  be free to bring onto the  market a new food , a new add i t ive , a new 
drug? What are the appropriate l imits  to the freedom of any member of 
our society? 

Some comment was made by Dr . Crampton that there i s  a discernib l e  
l ine , and I know h e  was referring to a p l atonic  reference here . Inc i 
denta l l y ,  i t  i s  interesting that he referred to a l ine that takes 
freedom al l the way to t yranny . The Greeks had a concept of democracy 
that P l ato part icu l ar l y  d id not fee l  was a good mode of government , be
cause he thought there was something about freedom , something specifi
cal l y  about freedom , that inev itab l y  l ed to tyranny .  He  made it  very 
c l ear in the Repub lia that it was a part i cu l ar use of freedom that 
leads to tyranny , and he gave a rather intere s t ing examp l e  that is 
pertinent to  the concerns of  thi s  Forum , because he described what 
happens in the ind ividual as an anal o gy to what happens in col l ective 
society . 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


220  

He  t alked about unrestrained freedom and t hat in  the  concept of free 
dom in Athens at t hat t ime , even the dogs did anything they wanted and 
would not even get out of your way when you were wa lking down the 
street . Everybody seemed to have the same right s . What he was real l y  
driving a t  was that w e  have certain inborn capac i t i e s , w e  have certain 
drives , certain appetites  -- thi s  is  what he cal l s  them - - and that if 
we permit each appetite  to have the same right s ,  to express  itse l f  at 
any t ime and every t ime , a part icu l ar appetite  may overcome the ind i 
vidual and the t ime wi l l  come when h e  can no l onger restrain that 
appet ite , and it tyrann i z e s  his own l i fe .  

I n  trying t o  sort thi s out in re l at i on to sugar , l et ' s  make the 
question very sharp : At what point is it  appropriate for government 
to come into the p icture and to regu l ate human l i fe ?  I think that 
probab l y  the most coherent answer that we have ever had to this par
t i cu l ar quest ion comes from a nineteenth- century phi losopher , John 
Stuart Mi l l , in which he said , in essence , that it is never appropriate 
for the government to try to make an ind iv idual a better person . The 
on ly j ust ificat ion for the intrus ion of government into our l i fe is if  
a mode of act ion on  the  part of somebody wi l l  have a del eterious ef
fect upon someone e l se . Then i t  is  no l onger my private freedom that 
is  invo lved , but the col l ect ive we l fare . At that t ime it  is  appropriate 
to come in . 

With respect to  sweeteners , then the quest ion i s : Has something 
happened that now j u s t i fies  the bringing of government regul atory 
powers into the picture ? Thi s  i s , in a sense , the question that I had 
asked yesterday morning : What i s  the evidence of a fundamental soc ial 
prob l em? I distinguished var ious ways of putt ing it , and I think we 
have had some examp l e s  very recent l y  on how it pos s ib l y  cou l d  be ex
pressed from the point of view of pub l ic opinion . 

I t  seems to me that it  i s  not suffic ient simp l y  to have an emot ional 
react ion to a pos s ib l e  danger . To suspect that there i s  a pos s i b l e  
danger i s  n o t  yet suffic i ent grounds to  mobi l i ze t h e  regulatory power 
of a government , because at that rat e , you see , we can suspect a great 
deal in the env ironment . Thi s  i s  not to say that we shou l d  not have 
any cri t ical atti tudes toward things ; but I am fundamenta l l y  rai s ing 
another quest ion : What is there here that j u s t i fies , at the moment , a 
regul atory exc lusion or contro l ?  

I t  i s  very interest ing the way the logic o f  the Forum has developed . 
There are those who wou l d  point to the sugars as hav ing genuine l y  
dangerous characteristics  s o  far a s  the hea l th of the popu l at ion i s  
concerned ; but a t  the same t ime , great quest ion has been rai sed with 
respect to the safety , l et ' s  say ,  of  sweeteners . The pos s ib l e  con 
c lusion is  that w e  shou ld eat nei ther sugar nor the sweeteners , which 
i s  to say that you are go ing to have to e l iminate or remove an ent ire 
category within our food supp l y .  

Here , then , i s  thi s question : Has this  Forum a t  thi s  point defined 
a c l ear and present danger , - i f you p l ease , to the safety,  to the hea l th ,  
t o  the we l fare o f  the peop l e ?  That leads me t o  the next point , which 
I think i s  provoked here and with which I have a rea l concern . 
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Approximat e l y  ten years ago i n  a conference here , one o f  m y  col 
l eagues on the p l at form was Al l i ster Fra zier from Great Britain . The 
fundamental  point of his  presentat ion had to do with what I am going to 
cal l methodo logy . Throughout these two days I have been very concerned 
about the constant anal ogy between man and an ima l , or the anima l orga
nism and the human organism .  I have been recal l ing Al l ister Fraz i er ' s  
statement that there are some chemical s , some substances ,  which react 
identical l y  in man , on the one hand , and in the animal , on the other ; 
whereas , there are other thing s for which there i s  no rea l anal ogy in 
man and in anima l . Al though that was recogni z ed up to a point , it  was 
referred to onl y  with respect to two things , namely , dosage and the 
method of induction or intake . Al l i ster Fraz ier raised a quite  dif
ferent kind of a prob l em with respect to the contrast between man and 
animal , and that has to do wi th metabol i sm ; in other words , the thing 
j ust  does not have the same consequence in man as it does in animal s .  

I wou ld have thought , as a l ayman , that the scient i s t s  themse lves 
wou ld have c l arified thi s  part icular methodo logical prob l em somewhat 
more than this  Forum has ind icated . There is more di scuss ion , more 
disagreement about the appropriatenes s  of experiments than I woul d  have 
expected the front l ine of experimental scient ists  to be hung up on . 
In other words , there are prob l ems enough on the logic of the science 
that i t  i s  too bad that one wi l l  have to invoke this  parti cu l ar methodo
logical princ ip l e , which it  seems to me i s  very important to c l arify .  

We are hearing now that not on l y  d i fferent animal s ,  but di fferent 
strains of the same animal make a b i g  d i fference . We heard a very 
powerful  point from Morl ey Kare indicat ing how s ign i ficant it is how 
something i s  given . But I am t a l king about this possible  gu l f  between 
man and anima l s . 

Al l this  rai ses a very maj or ques t ion with respect to the first 
quest ion : What i s  the j us t i fi cat ion for government coming into the 
picture ? The j us t i ficat i on is a genuine danger . How do you know the 
danger? I yet have not sensed any kind of informat ion about a danger 
coming from an ana l ys i s  of human evidence , that is to say , any epidemio
logical informat i on about human consequences from the use of sweeteners . 
There have been some few instances of  animal experimentation that are , 
at most , equivoca l ,  espec i a l l y  s ince one can read the NAS report and 
come to a conc lus ion that there i s  no danger . 

I daresay that i f  I were to  ask the members of this  audience what 
their reaction is to the scient ific  response to the present knowl edge 
of  these  matters , I think we would al l come away fee l ing that on the 
who l e  the scient i fic evidence indicates that there is not that much 
danger , except in rare cases . 

We cannot expect , of course , a perfect logic here . The question of 
DES was brought up . We are al l aware that there was a t ime when DES 
was banned for the purposes of rai sing beef , whi l e  at that very time i t  
was permitted to be inge sted b y  females  as a morning- after b irth con 
tro l p i l l and approved , to  my understanding , b y  t h e  same Food and Drug 
Admin istrat ion . Then somebody calcu l at ed that inasmuch as you can find 
one part per tri l l ion of DES in beef l iver , you wou ld have to eat one 
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mi l l ion pounds of l iver t o  ingest  as much DES a s  a woman wou ld take in 
one p i l l . Now j ust  how that was rat ional i z ed in the FDA is not exac t l y  
c l ear to me . 

At what point i s  it  j us t i fied for the government to come in , to re 
strict the freedom e ither of science , of commerce ,  or for that matter , 
of any indiv idual ?  The sc ient i fic evidence regarding smoking i s  so 
defini tive and so dec i s ive by compari son to what i s , to my knowl edge , 
avai l ab l e  with respect to saccharin or cyc l amate that one wonders how , 
with such minimal inference , such a s i gn i ficant  deci s ion can be made 
with respect to these sweeteners , whereas with respect  to c igarettes , 
we are a l l  aware of the enormous del eterious and tragic consequences  o f  
a product that is  at the moment n o t  banned . 

RICHARD L .  VEECH 

I don ' t  rea l l y  know what I am supposed to  say . I am onl y  rare l y  out of 
the l ab ,  but I wi l l  make a try . 

The on l y  point I would  l ike t o  make i s  that in regard to the evalua
tion of the  re lat ionship of carbohydrate intake to atherosc l eros i s ,  
animal s tud ies suggest that sucrose i s  the most  lipogenic substrate 
that can be given . It seems to me that this should  serve as a warning 
to a society in which this is a maj or d isease . I further think the 
t oo l s  are now read i l y  avai l ab l e  to evaluate the re lationship between 
diet and atherosc l eros i s  more thoroughl y  than they have been eva luated 
in the past . 

Having said that , however , I do not wish to imp l y  that the govern
ment shou l d  ban sucrose . Perhaps I am not used to  these kinds of 
sess ions , but I tend to see basic sciences under attack by peop l e  who 
want instant answers ,  who perhaps don ' t  understand how hal t ing and 
frag i l e  a fl ower science i s , and in fact how approximate i t s  answers 
must be . 

In  regard to the question of sucrose , there i s  no doubt in my mind 
that the rates  of fatty acid synthes i s  are much higher with sucrose 
than with glucose or with starch , and this  can be documented . What we 
cannot say is what this increased rate of synthes i s  means in t erms of 
the atheroscl erotic process . 

But that i s  not to den igrate science . That i s  to  say ,  rather , that 
you need more good science to study the effect s  of an increased rate of 
synthes i s  on the deposit ion of  pl aques in the vascu l ar endothel i um .  We 
real l y  do not know how to hand l e  thi s ,  and we need to understand more 
the ro l e  of the degradat ion of l ip id . We a l so need to understand what 
contro l s  the rate of l ipoprotein synthes i s .  

These are the prob l ems , and th i s  i s  a cal l for more science , not a 
denunciation of  its  admi tted defi c i encies . The same things could be 
said for the question of cho l e stero l synthe s i s . We shou l d  admit that 
maybe these have very l i t t l e  to do with atherosc l eros i s , but at any 
rate this is obviou s l y  a maj or health  prob l em and studies of this bas i c  
kind are warranted . 
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I fee l  compe l l ed to make one further comment . I think the mot ives 
of the pub l ic in watching what industries are pushing on them or what 
they are giving you in your baby food and al l of this is very reason 
abl e ;  but somet imes the answers are not so c l ear .  At that point the 
pub l ic may opt for legal  fiat in contro l of  its diet s , out of d isen
chantment with the waffl ing of the sc ient i s t , or it may opt for more 
and better sc ience to an swer these questions . 

In  the part icu l ar fi e l d  where I work , which i s  ethano l , we know that 
thi s is  a very tox ic substance . There is good data now from the Worl d  

. Heal th Organ i z at i on that many of you are going to g o  out and have two 
mart ini s . We know that thi s  is going to doub l e  your cirrho s i s  rate if  
you cont inue i t . But the government tried 50 years ago to have pro
hib i t i on , and al l that happened was that i l l egal boo ze was made , the 
Mafia came in , and you got al l sort s of nonsense . 

We know , for instance , that al coho l causes increased rates  o f  car
c inoma of  the l iver , carc inoma of the esophagus , carc inoma of the bowe l . 
There i s  no quest ion about i t . What a society does to i t s e l f ,  a sel f
indul gent society , a soc iety that i s  based on excesses - - and thi s  i s  
what we have - - i s  often extreme l y  upsett ing t o  a sensit ive and we l l 
intentioned observer . I n  medi c ine we deal with a society that overeats 
and get s  premature athero s c l ero s i s , diabetes , obe s i t y ,  and hypertension . 
I t  drinks too much and makes  cirrhos i s  the seventh cause of death , 
s ince 90 percent of  these deaths resu l t  from too much a l coho l . We now 
see that gonorrhea is more preva l ent than influen z a . So in almost any 
aspec t , this society i s  a s e l f- indu l gent one , given to excesses  that 
are destruct ive to its own hea lth and we l l -being . 

We eat too much sucrose on the face of it , but this form of over
indul gence i s  not unique . In my opinion , neither government nor science 
can rea l l y  ban overindu l gence . Sc ience can on ly inform . Why do 
peop l e  do what hurt s them? I don ' t  know , nor does  anyone e l s e ; but 
more regu l at i ons are un l ike l y  t o  help . 

In  science you can pick your prob l em .  In med icine the prob l em wal ks 
through the door , and you are forced to dea l with i t . I think the FDA 
is forced to deal with many things that wa l k  through the door a l so , and 
it has my sympathy . 

MI LTON R .  WESSEL 

The hour i s  l ate and the t ime i s  short . For these reasons I wi l l  not 
present at this t ime the paper I have prepared . (See Appendix B . )  

But this i s  a terrib l y  important  subj ect , and I think i t  i s  important 
for a l l  of  you to understand i t . There was l aughter when Mi ss  Johnson 
said something . Don ' t l augh . She has the ear of the pub l i c far more 
than any of you ; she has the ear of Congre ss  far more than any of you . 

I hes i tate to say thi s , but I wi l l  say i t  blunt l y : You are talking 
to yourse lves , and you cannot do that . The i s sues are not the same as 
they were when this  great inst itution was founded . The l aw and soc iety 
and consumerism and environmental i sm and the who l e  gamut o f  how we l ive 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Sweeteners:  Issues and Uncerta int ies.
ht tp: / /www.nap.edu/cata log.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


224 

and what we do i s  no l on ger what i t  once was . If you cont inue to 
speak to yourselves , without be ing aware that others wi l l  take what 
you say ,  as Mi s s  Johnson j ust did so effec t ive l y  with your report , 
then you wi l l  find that the voice of science wi l l  cont inue to be heard 
inadequate l y  in the hal l s  of Congress and in the community . 

Thi s  i s  part of the process . Thi s  gathering i s  not a meet ing of 
scient i s t s . It i s  a pubZia Forum . It is the fourth pubZia Forum , and 
that dist ingu i shes it from everyth ing e l se that you do . You are 
speak ing to the pub l i c ; you are speaking to the pub l ic because i t  is  
important that you do so . The pub l ic needs what you have to say . But 
you have got to  speak in a way that the pub l i c  can understand , because 
in a democrat i c , free soc iety the pub l ic i s  going to make the dec i s ion 
about what i t  is  the pub l ic i s  to have , and what it i s  the pub l ic is  
not  to have . 

The l aw has changed . Thi s  hearing i s  part of a l egal process al l 
the way on up through final appeal . Those who don ' t  be l i eve i t  can go 
and watch the next l it i gat i on ,  at which the report of thi s Academy wi l l  
be quoted against Dr . Coon on cross - examination , before l ay j udges on 
appeal , in admini strat ive agencies , in the press , on both s ides , wher
ever you go . 

You must  recogn i z e  that . You must recogni ze that your communication 
has to inc lude in i t  a sat i s factory exp l anat ion to l aymen , a lbeit in
formed l aymen , of what they need to be ab l e  to understand . You must 
put i t  in their l anguage . You must inc lude a l l the components . You 
must speak to them at the ir l eve l . What cannot be understood by l ay
men must  be ident ified to them . 

The l aw used to be much more s imp l i st i c : Who shot the gun ? Who 
s i gned the contrac t ?  Who did what to whom? But thi s  is no longer a 
case between two ind ividua l s  or between the government and one ind i 
vidua l . Now there are a t  least three part i e s , and b y  far the most 
important party in any one of  these new scient i fi c , pub l i c - interest 
l it i gations is  the pub l ic . I t  i s  not you and some consumer advocate . 
I t  i s  you and the pub l i c  and the consumer advocate in a court , trying 
to reach a dec i s ion in which the party real ly  at greatest concern and 
at interest i s  the pub l i c . 

Incident a l l y ,  this  i s  not l imited to the kinds of  i s sues before us 
here . I t  inc ludes the ant i -trust case , because that invo lves the 
i s sue of what conduct is reasonab l e ?  What conduct wi l l  soc iety accept , 
and what wi l l  i t  rej ect ? I t  inc ludes the civi l right s case : What 
di scriminat ions  are reasonab l e ?  What d i s criminat ions are to be crit i 
ci zed and condemned ? In every one o f  these new kinds of  matters , the 
pub l ic is the key and third part y .  I t  n o  longer is  a matter of taking 
one s ide of an equat i on alone and hoping that some informed s c i ent ific  
peer wi l l  make a dec i s ion on the  bas i s  of a scient i fic  report . 

Our soc iety depends upon d ifferent v iews being brought together in 
these k inds of matters , with the pub l ic u l t imat e l y  dec id ing between 
them . Mi ss  Johnson and others have l earned how to communi cate to the 
pub l ic . Un l e s s  you do the same thing , the pub l i c  wi l l  never have the 
benefit of  your necessary contribut ions to the equat i on .  
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ALEXANDER LEAF 

When I was invited to participate in thi s  Forum , I wrote back and 
asked why would anybody want a profes sor of medicine to participate in 
a di scus s ion rel ated l argel y  to sweeteners , and I was told , "We l l ,  
after al l ,  we need a nonexpert on the pane l . "  I am trying to  ful fi l l  
that ro l e .  

After l i st ening for two days , one can justifiab l y  ask why have we 
he ld thi s Forum and what have we accomp l i shed? I would l ike to respond 
to that question with two points .  

F irst , has i t  c l arified our understanding regarding the risk of 
saccharin and other nonnutrit ive sweeteners ? Before I comment on that , 
I would l ike to put one point of perspect ive as a consumer myse l f  into 
this . I think I have to cons ider t hat we are deal ing , in terms of 
these nonnutritive sweeteners , with agents that are rea l l y  not es sen
tial  to l ife .  They may be necessary for pl easure , i f  you wi l l ,  but 
they are not es sent ial  for l ife , and I have seen many cu l tures where 
peop l e  have l ived to a vigorous o l d  age and never were exposed to any 
of the compounds we have heard t a l ked about today . 

Therefore , i t  seems to  me that we have a right  to expect that the 
regu l atory agencies wi l l  b e  a l it t l e  bit more critical in grant ing 
permi s s i on to  al l ow these agen t s  to be distributed to the pub l ic than 
i f  we were deal ing with i t ems that were real l y  e ssential  to l i fe .  As 
Dr . Veech said , we are deal ing wi th compounds that have come out of  
the  exces ses , perhaps , and luxury of our cul ture , and they are not 
neces sari l y  going to help anybody l ive a better l ife , and certain l y  
they are not essential  for the l i fe of any individual i n  our societ y .  
W e  cannot b e  influenced b y  cons iderations of commercial i sm o r  profit 
here ; on l y  the hea l th of the pub l ic can serve as a basi s  for our 
j udgment . 

I woul d  l ike to  refer momentari l y  to the Academy report on sacchar in . 
I was rather d i smayed when I read this report to see the recommenda
t ions on page 63 that have been referred to repeatedl y . I say thi s 
with regard t o  the point that Dr . Stumpf mentioned , name l y ,  the val id 
i t y  of interpreting an imal experiment s of the kind that have been 
done in trying to j udge the s afety of these  agents for the human , and 
the dose l eve l that the human would be consuming is  microscopic rela
t ive to the doses that were used in these test s . 

So that I am rather disturbed that the panel  that deve loped thi s  
report ins isted that many more animal studies had t o  be done i n  order 
to as sure it is otherwise safe in the human d i et to have sacchar in . I 
wou ld submit that the ir point (E) , which i s  a request that some epi 
demiologic studies re lating to the incidence of  cancer w i t h  t h e  l ong
term consumption of saccharin be made , is essent i a l . We heard today 
the report that Sir Richard Dol l and Armstrong have a paper in press  
on  a very extens ive epidemiol ogical study . As  a phys ician who i s  con 
t inuous l y  having to make j udgment , often with inadequate fac t s , I wou ld 
much rather lean on an epidemio logical study by we l l -trusted and we l l 
known co l l eagues than upon further animal experiments , whi ch I don ' t  
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think , no matter how many we do , are going to as sure me of the safety 
or of the danger of  saccharin to the human as we are l ike l y  to use it . 

I think , furthermore , that we as scient ists  and members of  the pub
l i c  have to begin to ask whether an experiment i s  real ly  worth doing . 
We could go ahead and support the recommendat ions here to do more ex
periments , but s ince a j udgment has to be made as to  whether these 
experiments  wi l l  answer the ques t ions that we are faced with ; and i f  
so  o r  i f  not so , what i s  the cost of doing these ? And I wou l d  submi t  
that there are many more pert inent quest ions rel ative to t h e  hea lth of 
the American pub l ic than the further detai l ed test s requested at the 
great expense that wi l l  be required to determine whether or not saccha 
rin i s  toxic at these dose l eve l s ,  even in rodent s .  

I think it has been more interest ing to watch the dynamics o f  our 
interaction as audience and panel and speakers than perhaps the infor 
mat ion that i s  being conveyed at thi s meet ing , because I am very con 
cerned about the rol e  of science in pub l ic po l icy today . Sc ience does 
have a contribution to make , but that contribut ion can on ly be made if 
the pub l ic i s  informed and real i zes the l imitat ions  within which the 
s c i entist  has to act . We cannot do experiment s on saccharin to  answer 
the quest ion of the di fference of how man might react to large doses 
versus how the an ima l s  respond ; it i s  proper that we cannot do such 
human experiments , but it does mean that we have to use great j udgment 
in interpreting the anima l experiments .  

I think that the audience probab l y  fee l s  that this  performance by 
the scient ists  in the community who have been looking at thi s  is j ust 
another examp l e  of how the scient i st obfuscates , drags his feet , and 
hesitates to make a dec i s ion .  But we are asked to find the fac t s  on 
a certain que s t ion . The facts  often are very , very di fficu l t  to  come 
by , and we have heard repeated l y  through the Forum about peop l e  who 
were ins i s t ing on a very s imp l i s t i c  ye s or no an swer . As a scient ist  
I get  as frustrated as many members of the  audience do  when they can 
not g e t  a c lear-cut answer upon which to j udge future behavior , o r  t o  
l e gi s l ate  future behavior . 

But I think that i f  the pub l ic i s  not sensit ive to what the l imita
t ions of  science are and doe s not real i ze that we can on ly l ook at 
fact s  or try to garner out what the fact s  in the s i tuat i on are , then 
our cul ture is in great risk  of sweeping as ide the values that science 
can provide , because I think no other group in our cul ture i s  seeking 
in an obj ect ive manner the actua l facts bas ic to the prob lems that 
confront our society . Don ' t  be too hasty in expect ing these resu l t s  to 
be forthcoming . Be a l it t l e  b i t  tol erant . 

We have j ust  heard from Mr . Wessel  how scient i s t s  have to communicate 
better with the pub l ic ; I accept that and think it was very we l l  stated . 
But I think a l so that the pub l i c  has to be informed of what the l imita
t i ons are on the kinds of answers they can get from the scient i st s , 
and be a l i t t l e  tol erant a l so .  

I wou ld agree with Dr . Veech that what we need more than a lot of  
talk  i s  a lot more research to  get  at actua l information . I hope 
j udgment s as to what research is init iated wi l l  be done with the k ind 
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o f  cost -benefit approach suggested b y  one of the economi sts here . We 
need to have a l l k inds of inputs now in set t l ing these maj or i s sues 
today , and I hope everyone w i l l go away fee l ing a l it t l e  bit tol erant 
about the other person ' s  ro l e  and pos i t ion in thi s Forum . 

VI RG I L  0 .  WODI CKA 

I asked to be l ast in this group not because I lay c l aim to any special 
wi sdom , but because after a l l , the announced purpose of this  gathering 
was to set a background for the determinat ion of  pub l ic po l icy :  pri 
mari l y  for the Food and Drug Admin istrat ion ; s econdari l y ,  probab l y  for 
the Federal Trade Commi s s ion ;  and probab ly with some overtones for the 
Congress . I was hop ing that I might serve as a transit ion between the 
comment s of the pane l and those from the aud i ence in t erms of perhaps 
be ing an agent provocateur and supp l ying some sharpening of the is sues . 

Start ing with the fact that we are t a l k ing about sweeteners in gen
eral , about the on l y  thing they have in common i s  sweetness . We have 
heard a number of presentat ions centering on this fact , which has st im
ul ated the reaction with me - - and I see that Mor l ey Kare got it too - 
that one segment o f  the body o f  opinion bearing on thi s  sweetener i s sue 
undoubted l y  is taking the pos i t ion that sweetness  is a p l easurabl e  
sensation ; therefore , it i s  hedon i st i c ; hedon i sm i s  wicked ; therefore ,  
we should  take act ion against anything that i s  swee t . Some ment ion 
has been made about the Vo l stead Act and the Eighteenth Amendment ,  and 
I think that is enough of a commentary on that part icular background 
and the ind icated action . 

From there on out , I wou ld tend to  dichotomi ze  between carbohydrate 
sweeteners and noncarbohydrate sweeteners . Summing up what I heard , 
setting aside for a moment the i s sue of cariogene s i s , the best thing I 
can come up with is  that the scient i fic c l imate of the twent ies put the 
b l ack hat on proteins . In  the sixties , saturated fat s were out . In 
the s event ies , we are l ooking at carbohydrate sweeteners . 

The sc ienti fic l i terature reviews of the carbohydrate gums that are 
a part of the GRAS review would suggest that aside from cariogenes i s , 
the ev idence against the comp l ex carbohydrates , part icu l ar l y  the in 
digest ib l e  ones , which you might a l so ca l l  fiber or roughage , i s  about 
as alarming as that against sucrose or any of the other sugars . The 
symptoms are di fferent , it i s  true , but there are some unp leasant 
things in there , too . Maybe that w i l l be the vi l l ain of the eighties . 

Now , if  that kind of suspic ion is  real l y  the b as i s  for our act ion 
against carbohydrates , or rather against  sugars , it is a l it t l e  hard 
to see what pub l ic po l i cy shou ld resu lt  from thi s . One sugges t i on has 
been , "Pass the buck to the pub l ic by te l l ing them how much sugar i s  
in there , and letting them take i t  from there . "  Even that breaks down 
into two , because two courses of act ion have been suggested . One of  
them would state the  percentage of  added sugar , which would have to be 
on the bas i s  of  the b l ack hat theory , as I see it ; the other one would 
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state t h e  total sugar , which would more d irec t l y  address t h e  prob l em of  
cariogene s i s . 

The onl y  argument that I can see supporting the added- sugar the s i s  
i s  the point on nutrient d i lution that was addres sed i n  pass ing i n  the 
di scuss ion . I wou l d  suggest  here , by the way , that there is  l e s s  d i s 
crepancy between Dr . Sebre l l  and Dr . Stare than appeared o n  the surface , 
because Dr . Stare was pointing out that the normal diet can contain 
something of  the order of  2 0-percent empty calories without serious 
harm . Dr . Sebre l l was talking about a restricted calorie l eve l , in 
which obviously  every calorigenic  food has to pul l  more wei ght in terms 
of trace nutrients , so obvious l y  these two diets do di ffer in terms of 
the importance of nutrient di lut ion . 

I might point out that techno l ogical l y  the l abe l ing of added sugar 
woul d  present some d i fficu l t i es because many foods , such as canned 
fruit , are formu l ated not to a fixed recipe , but to a fixed product .  
In other words , i t  i s  the total sugar in the can from both the syrup 
and the fruit that i s  the target , and there is not a fixed percentage 
of sugar added . So thi s  woul d  present some comp l i cations i f  that ap
proach were taken . The other al ternat ive is that you could  add an 
extra l ine to the nutrit ion l abel  that states X grams of carbohydrate 
per serving . You could  put another l ine that states Y grams of sugar , 
and sugar would then be defined by some appropriate analytical method , 
meaning total sugar . 

Beyond this ,  what cou l d  be done in terms of cariogenes i s  i s  not 
c l ear . Offhand , I do not see any authority in the Food , Drug and 
Cosmetic  Act that g ives the Food and Drug Administrat ion a hand l e  on 
thi s . Cariogenes i s  i s  not a funct ion of any systemic act ion . I t  i s  
l ocal  act ion within the mouth that gives rise  to t h e  prob l em and i s  not 
necessar i l y  re l ated to the speci fic sugar involved , but rather to the 
form of the sugar , the res idence t ime agains t  the teeth , the frequency ,  
an d  various other man i festations not re l ated to the chemistry of the 
diet . So this  get s  into a comp l ex prob l em that perhaps should be more 
fu l l y explored . 

Now , when we get over to the s ide o f  the noncarbohydrate sweeteners , 
except for the wickedness of hedon i sm ,  they do not share much with the 
carbohydrate sweeteners , and we are rea l l y  l ooking at the rami ficati ons 
of the Food Addit ives Amendment .  Mr . Harvey made the interest ing point 
that there have been on ly a sma l l  handfu l of d irect food add i t ives 
authori z ed s ince the passage of the Food Addi t ives Amendment in 1 95 8 , 
and the l ikel ihood of adding to that l i s t  diminishes year by year as we 
add new impediment s  to approval .  The l aw requires that any new food 
addit ive be demonstrated by the pet itioner to be safe for its  intended 
use . As we add more requirements to thi s proof of safety , we obvious l y  
reduce the incent ive to deve l op any such new materi al s . I t  wou l d  be 
interesting , for instance , if  somebody were to demonstrate that nickel  
salts  are deficient in  the d iet and should be added , because they wou ld 
obviously  be food additives that are not genera l l y  recogn i z ed as s afe , 
and would  have to go through a mu l t imi l l ion dol l ar safet y  testing pro
gram before they cou ld be added as an es sential  nutrient . 
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So in t erms of the noncarbohydrate sweeteners , the onl y  i s sue worth 
tal k ing about is that of safety . As Mi ss John son pointed out , the l aw 
does not require that a benefit be shown , onl y  a function ; and i t  re
quires that the addi t ive not be used at a l eve l higher than necessary 
to  accomp l ish  that funct ion .  So you can take i t  from there . 

D I SCUSSI ON 

EDWARD HAENN I : I should  qua l i fy myse l f  as having ret ired two years ago 
as the Director of the D ivision of Chemistry and Phys ics in the 
Bureau of Food in the Food and Drug Administrat ion . I t  seems to me , 
after these two days , that �tr .  Wes s e l  has indicated the most  impor
t ant matter that has come before thi s Forum . There is  one aspect 
of thi s  that I would l ike to comment on and that I think i s  rel ated 
to part of  our communicat ion prob l em with the pub l ic . 

The pub l ic i s  exposed by and large - - through t e l evis ion and 
even through education in the schoo l s  - - to exact phys ical sciences . 
I t  i s  conditioned to expect that you can fire off a mi ss i l e  today , 
knowing that two years from now a second one wi l l  pass Jupiter . I t  
has come t o  expect that when you shoot off a rocket hal f  way around 
the worl d  it wi l l  land within a quarter of a mi l e  of where it was 
intended . Somet imes you can determine an e l ement within parts per 
tri l l ion perhaps . But thi s condit ioning in terms of  phys ica l  
sc iences means that the pub l ic must  l earn to rea l i ze that exac t i 
tude i s  poss ib l e  on l y  when you have contro l of the variab l e s . Usu
a l l y  you can contro l them , and if you do wrong , you can repeat your 
experiment ordinar i l y ' without too great expense . 

But in the toxicological field and the general biological fie l d  
n o t  on l y  are there end l e s s  variab l es , many of  whi ch you don ' t  know , 
but i t  i s  very cost l y  to do these experiments . You therefore try to  
get  as much as you can out of  an experiment . You cannot test each 
variab l e  at once . I think we have got to get the message to the 
general pub l ic that you cannot expect out of the toxicological fie l d  
and from the biological  sc iences , first o n  cost bas i s , and second l y  
within t h e  realm of  pos s ib i l i ty ,  t h e  k ind of  exactness  that can 
enab l e  you to run the experiment and say yes or no . 

ROBERT CHOATE : To help c l ose thi s meet ing , I congratu late you on run 
ning an exce l l ent show . I would  l ike to  answer Dr . Stumpf for a 
second . He brings up the bugaboo of  federa l regu l at ion . I f  
Dr . S tumpf wou ld stop and think o f  the fut i l e  exerc i ses  that many 
of us have been through trying to beg sponsors and advert i s ers , 
broadcasters , and the nutrition i s t s  and food techn i c i ans who work 
with the food industry to he lp them reform how they sel l food to 
chi ldren in this  country t hrough private s e l f-regu l at i on , on l y  to 
end up with pract ica l l y  nothing after eight years of endeavor , then 
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he would  know why so many of us now start to  think about turning to 
government . 

On a final note , I hope that you w i l l remember the remark of 
Mr . Ronk , who portrayed this  auditorium as being covered with palm 
fronds . I did  not quite get that connect ion ,  but I do hope that i f  
you wi l l  al l l ook at the cei l ing , you wi l l  rea l i z e  that the number 
of cav i t ies in this room is the number o f  cav i t i e s  that are found 
in t ypical  1 5 -year-olds  in thi s  country . 

PFAFFMANN : I th ink i t  is  the moment to return the meet ing to 
Dr . Hand l er ,  who has been s i t t ing here during a good part of this  
last and , from my own point of v i ew ,  most  st imulat ing and importan t  
d i scuss ion and exchange .  
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CLOS I NG 

Ph i l ip Handl er 

I have heard a good deal of ph i l o sophy in the l ast hour . I gather that 
thi s  Forum has been a success in that it has al l owed the vent i l at ion of 
v i ews and a certain amount of di scourse between peopl e  who ordinari l y  
don ' t  speak to  each other on matt ers o f  their common int erest . Thi s  is  
among our principal purpo ses . Those who eas i l y  u s e  words l ike safety 
have di scovered , I hope , how d i fficu l t  it i s  to estab l i sh what the word 
mean s in any g iven context and , hav ing stated what is meant , how d i ffi 
cu l t  it is to establ i sh whether someth ing rea l l y  is  or i s  not safe . 

In the di scussion I have been privi l eged to hear this  aft ernoon , 
Mr .  Wessel  shot c l o sest to home for me . L i ke Dr . Veech , you s ee , we 
never know what probl em wi l l  come through t hes e doors . When one i s  
pl aced before us , w e  do our best to l earn how t o  addres s  the specific  
prob l em ,  to gather the expert ise  necessary to look at  it , to as sure 
ourse lves that there is no bui l t - in b ias or pre j ud i ce among those whom 
we ask to address  a g iven ques t ion . I f  bias or prej udice should be 
present , we then proceed to ba l ance the committee so that al l po s s i b l e  
biases are ev ident . I n  trut h ,  it  i s  very d i fficu l t  for any somewhat 
informed indiv idual to come into any quest ion without a bias . 

In the end , we f ind ours elves in d i fficul ty . There nev er i s  enough 
informat ion . Al l reports from this  inst itut ion inevitab l y  ask for more 
research . I find noth ing wrong in that . There i s  the probl em ,  however , 
that under tho se circums tances the government w i l l always be  faced with 
the task o f  making dec i s ion s in the face of  unc ertainty . Our task is  
to reduce the  ext ent of  t he uncerta inty and to make c l ear just  what t hat 
degree of uncertainty real l y  is . I t  is then up to the government to 
undertake i t s  act ion s .  We rare l y ,  if ever , t e l l the government what to 
do ; rather , we do state what the circumstances  are in which the govern 
ment must act . Inevitab l y ,  there are con fl ict ing v i ews from di fferent 
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quart er s that a l l  too frequent l y  take on a strong ly  part i san character .  
I t  is  much eas ier t o  cry al arm than i t  is  to prove safety .  

Some of what you have heard i n  the l ast two days is  the resu l t  o f  a 
k ind of growing " chemophob ia, " a di strus t of  the introduct ion o f  chem i
cal s into our society .  There is good caus e for such di strust , and it 
behooves us - - as indiv idual s ,  as  members of t he sc i ent ific community , 
and as the government - - to as sure ourselves each t ime a new chemical 
ent ity i s  introduced in our soci ety that its  propert ies are both des ir
ab l e  and acceptab l e .  Unfortunat e l y ,  prov ing e ither of those  is  extraor
dinari l y  difficu l t , and we have l earned t h i s  repeated l y .  

What is  mo st d i fficu l t  of  a l l  - - and that is  my int erpretat ion o f  
what Mr . We s s e l  was saying - - i s  accustoming t h e  nonsci ent ific publ ic 
to speak ing in quant itat ive t erms . Safety and ris k always requ ire def
in it ion , and no law known to  me has ever spec i f i ed what those  words 
rea l l y  mean . Risk  i s  a stat i s t ical concept . I t  i s  the stat ist ical 
l ike l ihood of an undes irabl e  outcome , given some spec i f ic ,  finite  num
ber of event s .  Safety i s  the l evel  of r i sk that soc i ety ha s decided to 
accept ; if  it  ever asks for zero ris k ,  then it is b e ing foo l i sh indeed , 
because there are no such c ircumstances as z ero risk . 

Everything in our env ironment poses a hazard of some degree . Some 
we have  decided to l ive w ith , some we wish we did not have to l ive with 
but we don ' t  know what to do about , and some we can manage to bring 
under contro l . Our task in the Academy and occas iona l ly  in these fo 
rums i s  to determine whi ch s ituati on i s  in  whi ch category . I f  it  i s  one 
on wh ich our soc iety has dec ided to act , then it is our further task to 
estab l i sh what the degree o f  uncertainty i s ,  how to reduce the degree 
of uncert a inty ,  and how to make the government as comfortab l e  as po s s i 
b l e  with an unavo idab l e  dec i s ion . 

To the ext ent that these i s sues have been i l luminated here in  these 
l ast two days , our purposes have been achieved . To al l of you , I thank 
you for coming and hope that you wil l be  h ere w ith us again for the next 
Forum . 
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SUMMARIES BY THE CO-CHAI RMEN 

MI CHAEL KASHA 

In th ink ing back over these two days , the large number of part icipant s ,  
the batt ery o f  data and ideas put before the Forum , certain sal i ent 
i s sues remain with me , some of  which are in contrast to the expre ss ion 
g iven . 

I n  the i s sue of  the psycho logy of tast e ,  in contrast to the nones
sent ial ity of sugars in nutrit ion , everyone seemed to stre s s  that the 
qual ity of taste i s  improved by sweetness . But I t h ink that i s  onl y  a 
fashion . That sweetness improves tast e i s  not neces sari l y  true . How 
oft en we are served g la zed carrot s ,  sugared tomato sauce over stuffed 
cabbage ,  and sugar- frosted app le p i e , none of wh ich tast es l ike carrot s ,  
stuffed cabbage ,  and app l e  p i e .  They tas t e  l ike sugar . And I real l y  
think t h e  quality of taste , a s  broad l y  described b y  Morl ey Kare , does 
not nece ssari l y  invo l ve sweetne s s . I don ' t  th ink anyone has proved 
that qual ity is improved by sweetnes s .  So that was an i s sue that I 
thought was brought up , but l eft somewhat open . 

We are unwitt ing v ict ims of industrial changes , and i t  was stre s s ed 
that there i s  a revo lut ion in the product ion and use  of  sugar : a shift 
from carbohydrates general l y  t o  sugar ; a sh i ft from sucrose  to other 
sugars ; and the shift from home use to  industrial us e of sugars . And 
aga inst th i s  great change in our hab it s ,  wh ich is being put upon u s ,  I 
think a re sponse m ight be that there be l abe l ing as to  total sugar 
content accompan ied by some informat ional or educat ional program to  
a l low the pub l i c to decide what k ind of  food t hey wou ld l ike to use . 

There was a ment ion made of the revo lut ion in nutrit ion and a change 
in emphas i s  from min imum dietary essent ia l s  as a quant itat ive matter to 
the qual itat ive nature of food : the qual ity , the tast e ,  the t exture , 
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and so forth . There were suggest ions made about how that shift might 
take p l ace . I t  sounds l ike go ing to an old- fash ioned diet (grains , 
fruit s ,  and fibrous vegetab l e s ) . 

I t  was rather disappo int ing to l earn that there i s  a contrast 
between the data for caloric sweeteners and that a l l eged to be avai l 
abl e  for noncaloric sweeteners . The remarkab ly  good k ind o f  epidemio
logical evidence avai l ab l e  for saccharin , we were told , i s  impossibl e 
to find for sugars as influencing Western diet s ,  because so many other 
influences are in the Western diet and in the Western environment . 

So we were told  that perhaps we wil l never know dec i s ive l y  what i s  
opt imum and what i s  hazardous regarding sugar intake un l es s  there i s  
found a caus al effect . The mul t ifactorial nature of t h e  metabo l ic ab 
errat ions ment ioned were so comp l ex that it seems as if the medical ad
vice might be very res tricted . We were to ld very general things about 
what opt imum l imit s there m ight be on the use of sugars . We a l so were 
told  early in thes e talks that the use of sugars has gone from nearly  
zero to  a l arge fract ion of  the  total  carbohydrate diet . Th i s  was an 
is sue that was rather unsat i s factory from the scient ific point of view 
because it was not sharp ly  defined . 

I n  the i s sue of the spec i fi c  Academy report on saccharin , one of the 
pos sible  requ irement s for a defini t ive stat ement was an epidemio log ical 
study that has been compl eted on ly recent l y .  So there is a different 
status of  that subj ect today as compared with the date of i s suance of 
the report . 

But i t  may we l l  turn out that scient ists  as ked to interpret l abora
tory experiments  wil l a l ways ask for more , and there has to be then a 
po int of dec i s ion . Perhaps  some s econd panel  wi l l  have to come in and 
say ,  "We are ab l e  or wil l ing t o  make the pub l ic affairs deci s ion that 
this  mat erial , at l east on the l evel  of safety , is now comparab l e  with 
other risks in society . "  

Those are some of the i ssues that were brought out . In answer to a 
vo iced crit icism ,  I feel  that we are not t a l k ing to ourselves  - - we are 
tal king to  each other . I n  the sense that this was one of  the most 
heterogeneous groups that we could  pos s ib l y  have as semb l ed ,  I was qu ite 
pl eased to see the fresh confl icts  and the interact ions between peop l e ,  
and I hope w e  l earned something about our own l imitat ion s  from t h i s  
kind o f  Forum . 

CARL PFAFFMANN 

The second day of this Forum was a succe ss in ident ifying the nature of 
the c l ash of  ideas , methodo logies , and mot ivat ions between various sec
tors of  the sc ient ific community,  governmental regul atory agent s ,  the 
general pub l ic as consumers and their advocates . One quest ion ,  as a 
broad carry-over from the first day , was : Why s hould  sweet eners , natu
ral or synthet ic , be app l i ed to food product s  at a l l ?  

Sugars and other carbohydrat es are sources o f  calories , an d  man and 
other organ isms hav e ,  through evol ut ion , acqu ired a s ensory apparatus 
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for the ir detect ion in rel at ion to food- seeking and appet ite . We can 
as sume that at one t ime in the "wild  state" such biolog ical mechani sms 
ensured adequate finding , s e l ection ,  and ingest ion of nutrit ious mate
rial s ,  inc luding those  both sweet and not sweet . Current probl ems in 
part derive from the fact that process ing of food , s e l ect ion of various 
ingredient s ,  and their combinat ion in a variety of ways occur in a more 
or l es s  free market s ituat ion where what is attract ive sel l s  better . 
Thus , there i s  the pos s ib i l ity that overuse of a natural "s ign st imulus" 
to exc ite eating might be exaggerated and made use  in a way that woul d  
prove de l eterious to general wel l -being . 

Etho l og i ca l  studies o f  an imal behavior are rep l et e  with examp l e s  of 
man-made " super" re l ea s ing stimu l i or sign s . An art ificial  egg four 
t imes norma l s i z e  i s  preferred by the ringed p l over to it s own natural 
egg when both are presented . I ndeed , the b ird w i l l cont inue att empts  
to  ro l l  the  super egg into the  nest  even though it  is  unabl e  to sit  on 
it and incubat e it properl y .  Are sweeteners super s t imu l i ?  

I w i l l not di scuss sugar but wi l l  focus o n  the second day and the 
use of synthet ic  agent s as sweeteners , most of which have no or l e s s  
ca lori c value than sugar . I n  our affluent soc i ety sweeteners t end to 
be regarded as sugar subst itut es and l ess  damag ing to the wai st l ine . 
I t  was not ed , however , that the way synthet ic sweet eners are used in 
coffee or tea in plac e  of sugar probab l y  aids very l it t l e  in the reduc
t ion of  ca l oric intake . More important and of more conc ern is  the 
widespread use of synthet ic sweeteners in proces sed foods and beverages , 
such as soda and other drinks , that may be  consumed in l arge quant it ies . 
Stat ist ics on the vast l y  inc reas ed saccharin product ion in wart ime as 
an alt ernat ive in sugar - s carce nat ions was cited as h istorical  val ida
t ion of man ' s  des ire for sweet . As the Forum approached these quest ions 
in t erms of  risk-benefit ratios , risk  was much c l earer of definit ion as 
toxicological or other untoward phys io l ogica l effect s ;  the benefit s ide 
of the p icture was l ess  c l ear . 

Accept ing the fact that peop l e  l i ke sweet things for their own sake 
or as a masking agent , for examp l e , o f  the b itterness of coffee , three 
rather spec ial  cases were cited ,  probab l y  of l esser quant itat ive s i gn i f
icance in proport ion to the tota l pub l ic wel fare . One was the use of 
synthet ic sweeteners in medical and nutr it iona l management of diabetes . 
There seems l ittl e doubt of this part icu l ar benefit . Another i s  the 
re l at ionship between dental caries and sugar ingest ion . Good oral hy
giene could  or might count eract the car i e s -produc ing t endenc i e s  of 
sugar- cont aining cand i es , dr inks , and de l icac ies ; but as a pract ical  
matt er , the  corresponding hyg i en ic measures are  rare l y  carried out . 
Synthet ic sweeteners in a sense avoid the i s sue . A third and fina l 
cas e  i s  that of the obese  pat ient in his/her effort to control weight , 
as in "weight watcher" programs . Pract ical management of  d i et in such 
cases is said to be fac i l itat ed and remarkab l y  eased by avai l ab i l ity of  
good synthet ic sweet eners . 

Toxicity was the central concern of the Academy report on the safety 
of sacchar in . It became qu ite  c l ear in the presentat ions of  the s c i en
t ist s that the weight of ev idence did not permit the committee to 
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condemn saccharin for widespread use . But the report was suffici ent l y  
condit iona l o n  t echn ical matt ers , e . g . , w i t h  regard t o  tox i co logical 
tests on anima l s , that the Academy committ ee cou l d  not conc lude there 
was absolut e l y  no cause for concern . The qual ificat ion that tox i co l ogy 
on animal s did not neces sari l y  solve the human cas e was count ered at 
the Forum by report s of widespread epidemiological  studies in Canada 
and the Un ited K ingdom with a negat ive outcome . The fact t hat some of 
the tox ico log ical studies showed b l adder calcu l i ,  especi al ly  in cases 
where doses were administered through two generat ion s  inc luding one 
pregnancy , was di sturb ing . The final proviso that further research on 
this prob l em was warrant ed s eemed to reg ister uncertainty on this  i s sue . 
Usua l l y  accustomed to treat ing data in stat ist ical terms , coup l ed with 
the concept that one cannot prove the nul l  hypothes is , mo st sc i ent ists  
in the audience appeared sat i sfied with the commi t t ee ' s conc lus ions . 
But it was apparent in the response from attorneys and consumer advo
cates that al l th i s  was not sat is factory . I n  cons idering the report 
the nonsc i ent ist  seemed to take the v i ew that a l l data were to be 
we ighed equal l y  in reaching a conclus ion . S c i ent ists  want ed to evalu
ate the methodo logy of the different studies and downgrade some . To 
the non scient i st ,  any evidence of presumed risk  seemed to j us t i fy ban
n ing the pot ent ial l y  offending agent . Consumers and con sumer advocates 
were l ook ing for proof pos it ive of no de l eterious effect of saccharin . 
They were not sat isfied w ith a conc lus ion of  h i gh probab i l ity of safety . 
On this  part icu l ar i s sue the Forum ended in a confrontat ion , not a res 
o lut ion . A s  one con sumer advocat e as ked , "How can w e  g o  o n  ingest ing 
thi s mat eri al  unt i l  we have proo f of safety?" 

I n  revi ewing other sweeteners , quest ion s  of t he val idity of banning 
of cyc l amat e were rai s ed with new evidence re l at ive to a hearing soon 
to be he l d .  Another new product , the dipept ide aspart ame , i t  was em
phas i z ed ,  i s  compo sed of  substances occurring natural l y  in foods .  But 
one of thes e i s  phenyl a l anine , which requires spec i fi c  safeguards in 
the case of chi l dren ( 1  in 1 0 , 000) who su ffered from the genet i c  meta
bo l i c  de fect phenyl k etonuri a .  Test tria l s  at 1 0 0  to 200 times estimated 
l eve l of normal consumpt ion were reported without de l et erious effect , 
yet one sc ient ist  part icipant obj ected that such t ests  did not take in
to account other amino acids being ingested at  the same t ime with 
po s s ib l e  effec t s  on brain funct ion .  Dosage l eve l appeared to b e  cru
c i a l  here and wou l d  undoubted l y  feature in forthcoming hearings on this 
material .  From the s c i ent ist s '  po int s of v i ew ,  the divers ity of other 
potent ial synthet ic or natural sweet eners prov ided a vast array of  pos 
s ibi l it i e s  yet t o  b e  tapped . Al l agreed that adequat e and sat i s factory 
tests must be part of the devel opment and eva luat ion in each case . 
However , further debate and l it igat ion focus ing on the cri teri a of  
safety and the  nature of the  toxico logical  and other tests can b e  an t i c 
ipated . 

One shortcom ing of  the Forum may have been too great an emphas i s  on 
deta i l  o f  s c i ent ific  presentat ion (an informat ion over load) by the par
t ic ipant expert s ,  with inadequate preparat ion for cross- examinat i on in 
the sense  of true debat e rather than confrontat ion . Could  more of a 
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working panel format with  a crit ic for each pres ent er have better 
elucidated prob l ems and pub l ic i s sues and brought the fact ion s  c l o s er 
to d i scourse? Yet th i s ,  of  cours e ,  was the aim of  the Forum . The l ong 
proce ss of mutual exchange and educat ion takes t ime . 

I n  the present scen e ,  i t  could  be ant icipated that the l egal process 
of scient ific pub l ic interest l it igat ion wou l d  be an increas ing l y  im
portant veh i c l e  in resolving such is sues . In this  l it igat ion , s c i en 
t is t s  were warned of the ir di sadvantage i n  communicat ion with the 
pub l ic and with lawmakers .  They were urged t o  l earn how t o  pres ent 
their finding s in language understandab l e  to in formed l aymen so that 
what s c i ence had to offer coul d  be understood and appreciated . 

The Forum addit ional ly was admon i shed of the broader ph i l o sophical  
terms behind the i s sues it had been cons idering . John Stuart Mi l l  was 
quoted to  the effect that it is  never appropriate for the government to 
try to make an individual a better person . The onl y  j ust ificat ion for 
intrus ion of government into our l ives is if a mode of act ion on the 
part of someon e j eopardi zes someone e l se ,  i . e . , the co l l ect ive we l fare 
is at stake . D id the meet ing estab l i s h  a c l ear and pres ent danger to 
the wel fare of the peop l e ,  at l east in the case of the spec ific  Academy 
report under cons iderat ion? Here the consensus was negat ive . But a l so 
into the ba lance mu st be p l aced the cost of  answering with greater pre 
cis ion some of the quest ions raised in the Academy report as against 
devot ing l imited resources to other recogn i z ed and more demanding 
heal th prob l ems . 

Dr . Hand l er noted in his fina l remarks that some of what the Forum 
had been concerned with was the refl ect ion of a growing "chemophob ia , "  
a distrust o f  the introduct ion of chemicals  into our soc i ety . There is  
good cause for such di strust , h e  noted , and i t  behooved s c i ent i st s ,  as  
individual s  and as members of the  scient ific commun ity ,  and the govern 
ment to as sure thems elves and everyone that each t ime a new chem ical  is 
introduced,  it is both des irab l e  and acceptab l e .  Proving either is 
j ust extraord inar i l y  difficu l t , he conc luded . 

P erhaps more than any other part i cipants , the s c i ent i st s  came away 
with more of an appreci at ion of what they must do and the k ind of scru
t iny to which the pub l ic  and their advocates wou l d  subj ect their pro 
cedures and conc l us ion s . I t  is  not c l ear that nonscient ist s came away 
assured nor with much change in att itude . 
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APPENDI X  A 

SWEETENERS : NO UNCERTAINTIES 

Robert B .  Choate 

As the Nat ional  Academy of Sciences Academy Forum cons iders the i s sues 
and uncertaint ies  of sugar and other sweeteners , it  needs to  address  
some facts about which there are no uncePtainties . 

1 .  Dental caries  are so numerous among chi l dren in the United 
States as to  suggest that the s i tuat ion i s  pandemic . 

2 .  One maj or factor causing cavities  in chi ldren i s  the cont inuing 
presence of sucrose in c l ose prox imity to their dental surfaces . 

3 .  Cavities  among poor chi l dren receive less  corrective treatment , 
l eaving l ong-term effects upon their dental  and general hea l th .  

4 .  Chi ldren who are moderate television watchers see approximate l y  
2 2 , 000 commerc ial s each year . As many a s  1 4 , 000 o f  those mes sages may 
be for food and beverage products . 

5 .  A large number of such commerc i a l s  promote product s with a h igh , 
but unas certainab l e ,  sugar content . The sugar content of  these products 
is  kept secret from the pub l ic ,  whi le competitors have the fac i l i t i e s  
t o  examine the ingredient s .  

In 1 97 2  we asked the maj or cereal companies to te l l  us the percent 
age content of each of  the three maj or ingredi ents ,  by weight , for each 
of their product s .  General Foods and Quaker Oat s  responded prompt l y .  
General Mi l l s ,  Ke l logg , Nab isco , and Ral ston Purina chose not to answer 
our request for ingredient d i s c losure . We neverthe l e s s  cal cu l at ed the 
percentage of sugar in many popu l ar cerea l s : 

Product 

Ke l logg Cocoa Krispies 
Ke l logg Sugar Frosted F l akes 
Ke l logg Special  K 

24 1 

Cereal Grains 

4 5 - 5 0% 
55 -60% 
60-70% 

Sugar 

4 0 -4 5%* 
30-35%* 
30-35%* 
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Product Cereal Grains Sugar 

General Mi l l s  Trix 50-60% 30-35%* 
General Mi l l s  Frosty O ' s  40-45% 40-45%* 
General Mi l l s  Count Chocu l a  35-40% over 40%* 
General Mi l l s Total  80 - 85% 8 - 1 0%* 

Quaker Oats Captain Crunch 49% 4 1 % 
Quaker Oats Quangaroos 43% 43% 
Quaker Oat s King Vitamin 33% 4 7% 
Quaker Oats Puffed Wheat 99% 
Quaker Oats Li fe 70% 1 8% 

General Foods Fruity Pebb les  4 8% 4 7% 
General Foods Cocoa Pebb l es 4 6% 46% 
General Foods Alpha Bits  44% 42% 
General  Foods Super Sugar Crisp 42% 43% 
General Foods Post Toas ties  85% 8% 
General  Foods Forti fi ed Oat F l akes SO% 2 1 % 

*Ca l cu l ated values . F i gures not provided by the companies . 

One indi cat ion of the vo lume of  thi s advertis ing i s  to l ook at the 
do l l ars spent on adver t i s ing edib l e  products during those hours when 
chi l dren constitute the primary viewing audience . 

Desserts $ Spent (000) * 
Hunt Foods 

Snack Paks 323  
I c e  Cream 1 4 8  

Meal s 
Chef Boyardee 

Beefaroni 2 1 4  
Chef Boyardee 

Raviol i 2 8 1  

Drinks 
Funny Face 4 0 7  
Tang 661  
Sunkist  308 
Qui k  3 7 5  
Hawai i an Punch 1 0 1  
Koo l Aid 631 
Borden ' s  Wyl er 245 

Snacks 
Pop Tarts 290 
L i fe Savers 320 

Gums $ Spent ( 000) * 
-xdams 478  

Beechnut 3 1 0  

Cereal s  
Crunch Berry 207 
Peanut Butter 

Crunch 260 
Captain Crunch 437  
Cheerios 406 
Cocoa Puffs 1 4 5  
C innamon Crunch 349 
Appl e  J acks 1 7 1 
Cocoa Krisp 5 2 1  
Froot Loops 331  
Rai s in Bran 329 
Rice Kri sp ies 568 
Sugar Frosted 

F l akes 734 
Sugar Pops 305 
Sugar Smacks 283 
Lucky Charms 4 1 8  
Honey Crunch 1 26 
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Snacks 
Candies 
Crackerj acks 
Popcorn 

Cookies 
Keeb l e r  
Nabisco 
Sunshine 

$ Spent (000) * 
1 1 82  

241  
232  

253  
870  
4 39 

Cereal s 
Alpha Bits  
Honeycombs 
Pebb l es 
Rai s in Bran 
Super Sugar Cri sp 
Trix 

243 

$ Spent ( 000) * 
562 
7 1 5  
396 
296 
9 1 2  
458  

*Figures in hundreds of thousands of do l l ars for network ads in first 
six months of  1 974 . 

A l arge number of the commercial s for foods and beverages use the 
sweetness of the product as a part of  the sales  message . For chi l dren , 
thi s re inforces the exi s t ing pred i spo s i t i on to seek out sweeter foods . 
The pub l ic ' s  ignorance about the sugar content of these products can 
onl y  be corrected if the manufacturers dec l are that informat ion on their 
l abe l s  and in the ir advertisement s .  Without such informati on ,  parents 
are unab l e  to make inte l l igent dec i s ions  about their chi l dren ' s  food
consumption patterns . They are unab l e  to defend their chi ld ' s  teeth 
and health against the profit mot ives of those  who want to increas e the 
consumpti on of sweetened products . Manufacturers are s e l l ing chi l dren 
a cavity-prone product whi l e  hiding that fact from consumers .  Adver
t i s ing to chi l dren should  occur onl y  under the highest ethical  con
s iderat ion s ;  their heal th interests  should be supreme . 

There are no uncertainties about cavities  in chi ldren or about the 
connect ion between the ir incidence and the consumpti on by chi ldren of 
products with a high sugar content . There can be no justification for 
withhol d ing informat i on concerning the hazards that lurk within the 
products chi ldren consume . The uncertainties of sugar content must be 
erased . We need v igorous l abel ing and advert i s ing standards that make 
informati on about sugar content avai l ab l e  to everyone . 
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APPENDI X  B 

THE PROCEDURAL RULE -OF-REASONING : 
A Better Way to Reso lut ion of 
Scienti fi c  Pub l ic Interest D i sputes 

Mi l ton R.  Wes sel  

Two ful l  days of formal and informal pre sentati ons to the  Nat ional 
Academy of Sciences ' Forum on Sweeteners sure l y  served to he lp  ident i fy 
and sharpen the i s sues . But they have brought us l itt l e  c l o ser to the 
answers . Indeed , by and l arge , those who came with a perm i s s ive point 
of v i ew remain unconvinced by the oppo s i t i on ;  and those who came in 
favor of restriction remain equa l l y  adamant . Quite  probab l y  each even 
bel ieves his  ini t ial  pos i t ion has .been confirmed . 

I t  i s  onl y  a very few of the previous l y  uninvolved and therefore 
uninformed who have come to new j udgments . Most of  these undoubted l y  
have done so i n  . accordance with some ear l ier predi l ect ion , a l b e i t  sub 
conscious . We al l l ike to bel ieve we are obj ect ive , fair , and impar 
tial , but those who have heard ten honest witnesses test i fy to the same 
automobi l e  acc ident , al l different l y ,  know how much we are the victims 
of our backgrounds . 

By and l arge , there has been l it t l e  d i spute as to faats , inc lud ing 
sc ient ific ana l ys i s  and even some op inion as we l l  as observed data - 
s o  l ong onl y  a s  pure scient ific aona Zusion i s  not cons idered " fact . "  
I f  informed sc ient ists  cannot agree under such circumstances , what i s  
the l ayperson t o  do ? B y  c l assical  defini t i on , a l ayperson i s  of course 
even less competent to evaluate such di sputed expert scient ific con
c lus ion than the scientific  ingredients of opinion , ana l ys i s  or data . 
Yet u l t imate l y ,  in a democrat i c  society , it  must be an essent i a l l y  lay 
pub l ic that wi l l  somehow determine the r i sks to wh ich it  wil l accept 
exposure or the benefits that it  wi l l  be denied . 

The pub l ic needs and i s  ent i t l ed to greater help in its  hand l ing of  
such controversies . I t  needs and i s  ent it l ed to as surances as to the 
credib i l i t y  and integrity of the process by which dec i s ions are made in 
scien t i fi c  di sputes involving the pub l ic interest . And it needs and i s  
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entit l ed to a maj or by-product of  such a proce s s , which i s  a s s i stance 
in separat ing out the l ay component of the scient ific conc lusion for 
l ay evaluation by those who choos e  to make i t . The we l l - informed l ay
person is  j us t  as we l l  qua l i fi ed to j udge that component as the most 
l earned scient i s t . 

When a scient ist  says "the r i sk i s  acceptab l e , "  he i s  expressing a 
view made up of s c i ent ific  obs ervati on (data) ; scient ific  analys i s ; 
scient ific  opinion - - about which there i s  often l it t l e  d ispute ; and 
personal j udgment derived from general background - - about which under 
standab l y  there may be many differences . Usual l y  these two components  
are confused subconscious l y  or unwi t t ing l y ;  somet ime s , however , they 

.are confused to buffal o  the l ayperson . I n  either case i t  is wrong and 
must somehow be stopped . 

The key task at hand , then , i s  to devel op a tru l y  cred ib l e  procedure 
for resol v ing these d isputes , which wi l l  permit the layperson to under
stand that the scient ist  states his conclusion part l y  because he values 
one set of concerns ( e . g . , more food) over another ( e . g . , survival of 
an endangered speci es ) , and thus make i t  poss ib l e  for those who w i sh to 
do so to arrive at their own independent and informed bal ancing of 
these values . I t  seems we do not yet have such a process .  

Unfortunate l y ,  much of the b l ame for thi s fai lure to furni sh cred i 
b i l ity and t o  d i s t ingu i sh , must b e  l aid a t  the bar o f  our l egal profe s 
s i on .  I t  cont inues a lmost dogged l y  devoted to the o l d  adversary 
" sport ing" or "game" theory of l i tigat ion and d i spute resolut i on , 
seeming l y  unaware of how much the world has changed around us . One 
wou l d  think that the Watergate reve l at ion s  would have effec t ive l y  
sounded the al ert i n  v i ew of the numbers o f  once respected l awyers in 
vo lved , on up even to Cab inet mini s ters and a Pres ident . And there 
have been some changes . But general l y  it is s t i l l  very much bus iness 
as usual in the admini strative agencies  and the courts ,  with even the 
most eminent scient i s t s  cros s - examined about their  fees , mot ivat ion s , 
or drinking hab i t s . I t  i s  l it t l e  wonder that science descends into the 
foray so re luctant l y  - - and so rare l y .  

We need a new l egal approach t o  the resolut ion of these scient i fic , 
pub l ic  interest d i sputes .  We need recogn i t ion that a burgeoning number 
of present -day societal controversies  are very d ifferent than those of 
a generat ion ago , and therefore require d ifferent treatment . We need 
recognit ion that so lutions to the maj or i s sues are no l onger b l ack and 
white , ri ght and wrong , "did he or didn ' t  he do i t ? "  as they once were . 
More often these solut ions  are shades of gray that are d i fficu l t  to 
di scern and d i s t ingu i sh . More and more , as in thi s  Forum , two profe s 
s iona l s  of equal qual i fi cat ion , reputat i on ,  and integrity wi l l  describe 
essent ial l y  the same data and test resu l t s , and then come to diametri 
cal l y  opposite conc lus ions : 

The discrimination i s  ( i s  not) j usti fied . ( c ivi l 
right s)  

The risk is  (is  not ) acceptab l e . (env ironmental ) 
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The restraint i s  ( is not) reasonab l e . (ant i - trust) 

Our traditional adversary dec i s ion proces s  is in s i gn i fi cant part 
geared to the determinat ion of contests between two part ies through 
obj ec t ive proof o f  di sputed fact by eyewitness and document . That part 
is particularly sus cept ib l e  to abuse in these modern cas es where soci ety 
is a thi rd and key party , and where yes -no answers s imp l y  do not exi s t  
t o  sat i s fy the uncertain . I t  can and does  l ead to dec i s ions based 
upon i gnorance , fear , and prej udice , rather than upon the best avai l 
ab l e  l earning and democrati ca l l y  ascertained societal values . I t  i s  
l it t l e  wonder that the con fidence w e  seek i n  the dec i s ion process i s  
s o  sore l y  l acking . Certainly  for at l east these  new prob l ems , we need 
a new procedure that permi ts the reso lut i on of disputes  in a way that 
i s  credib l e  to the l ayperson . That way i s  through app l i cat ion o f  the 
rul e - o f- reason . 

Rul e - o f- reason general l y ,  means deci s ion by use o f  s c i ent i fic 
method -- fact , exper i ence ,  and logic -- in a t t  aspects o f  the process 
by whi ch i s sues are reso l ved . I t  s eeks to opt imi z e  solution o f  com
p l ex environmental risk-benefit i s sues , for exampl e ,  by balancing a t t  
known risks against a t t  known benefits i n  l ight o f  a t t  avai l ab l e  data 
and expert i s e . It is distingui shed from deci s ion based exclus ive l y  or 
l arge l y  upon emotion , surmi se , or conj ecture . 

Food , raw mat eri a l  and energy shortages , the accel erating infl ation 
of recent years , and the increas ing economic and soc ial  demands o f  a 
burgeoning world population have created a growing awareness o f  the 
need to us e modern techno l ogy to so lve modern prob l ems , despite  some 
unavoidab l e  risks . The "no ri sk" theory o f  the s ixt ies  has b een d i s 
credited among most scient ists . A s  a resul t ,  al though sometimes 
honored primar i ly by l ip service , the need for a rul e-of- reason approach 
is today l argel y  acknowl edged by scient i s t s  for the determinat ion o f  
substantive scient i fi c  i s sues . 

Credibi l i ty in di spute reso lution , however , requires app l ication of 
thi s  scienti fi c  method j ust as much to deci s ion procedure - - the l aw
yer ' s  bai l iwick , as to u l timate s c i ent i fi c  subs tance - - the s c i entist ' s .  
The procedural rul e - o f- reason i s  thus in sharp contrast to that part of  
the  trad i t i onal adversary l egal process that permi ts and al l too  o ften 
actual l y  encourages use of  procedural weapons , such as de l ay ,  conceal 
ment , o r  personal abus e ,  for tact ical  purpose i n  an effort to reach a 
des ired resul t .  

The o l d  adversary syst em fai l s  to recogni ze the enormous changes in 
soc ial  atti tudes that have taken p l ace s ince World War I I ,  especial l y  
regarding c i vi l rights and the environment . A corporate board o f  
directors that today sought t o  app l y  a s imi l ar approach t o  the treatment 
o f  minori ties  or po l lut ion prob l ems would  qui ckly find its e l f  in deep 
troub l e . But our pres ent l ega l di sput e resolving process s eems unaware 
that inso far as modern soci etal d isputes are concerned , the procedural 
technique o f  the trad i t ional adversary process i s  back in the Midd l e  
Ages . I n  i t s  p l ace w e  need a "new l ook" in d i spute - s o l ving . 
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The procedural rul e- o f- reason recogn i zes that l aymen are incapab l e  
of ful l y  unders tanding al l the comp l ex i s sues , especi al ly  when even 
qua l i fi ed profes s iona l s  d i sagree . Yet l aymen are persuaded to pl ace 
their trust in the brain or open-heart surgery , which they cannot ful l y  
understand and over whi ch they have no control once o n  the operat ing 
tab l e .  In  s imi l ar fashion ,  l ay soci ety must dec ide how to deal with 
even the mo st technical di sputes . The proc edural rul e -of- reason s eeks 
primar i l y  to as sure l aymen of  the credib i l i ty of the dec i s ion process , 
so that they may re l y  on the intregrity of  the ul timate substantive 
evaluat ion . I t  seeks a l so to as sure them that conc lus ions bas ed upon 
mora l , ethical , economic ,  and social values wi l l  not be traded off as 
esoter i c  science , so that they may parti cipat e in the decis ion process 
to the maximum pos s ib l e  extent . 

The procedural ru l e-of-reason emphas i zes  tota l credib i l ity in al l 
aspects of the dec i s i on proces s .  I t  antic ipates that a l ay pub l ic  wi l l  
p l ace confidence in the credibi l ity o f  qual i fied opinion i n  areas it 
canno t comprehend if furni shed as surances of such credib i l i ty in areas 
it can understand . Thus , to take examp l es out of our recent pas t ,  the 
pub l i c may not be ab l e  to evaluate al l the con s iderat ions incident to 
j udging the safety of a product ;  i t  can evaluate the merits  (or l ack 
thereof) of a party ' s  attempt to de fend against a charge of product 
defect by reference to the "pecu l i ar" s ex l ife of the compl aining indi 
vidua l . The pub l ic may not be  ab le to understand al l the conceptual 
economic cons iderat ions invol ved in determining whether manufacturing 
and marketing conduct is  ant icompetitive ; it can draw conclus ions 
advers e to a defense of fair competit ion where there has been wi l l ful 
destruct ion of the means to recapture rel evant dat a regarding such activ
ity . Th e pub l i c  may not be ab l e  to determine the extent to whi ch profits 
are needed to finance the search for addit ional raw material s ;  it  can 
draw an inference contrary to the proponent of  need when funds c l aimed 
to be necessary for such a purpos e are l ater diverted to an unrel ated 
effort . 

The procedural rul e-of- reason is  "non- advers ari a l "  in the sen s e  that 
it recognizes  that one ' s  opponent is  not usual l y  "bad" in the moral or 
ethi cal s ens e ,  but s imp ly sees things d i fferent l y  because of his total 
env i ronment . But th e ru l e  is in fact the u l t imate in adversari al weap
ons in the sense that it  seeks to maximi z e  success over one ' s  opponent 
for th e view propo s ed .  I n  this s ense  i t  i s  only another step forward 
in the common l aw development of the adversary process , which has s erved 
us so wel l for the l ast thousand years and more , retaining what is good 
of the o l d  but rej ect ing the bad that has l ed to its  Watergates . 

Credib i l ity derives from many things , such as professional qua l i fica
tion and reputat ion . But one of its  primary ingredi ents is  con s i stency . 
Unless  properly expl ained , procedural obstruction may be viewed as 
inconsistent with ass erted con fidence in a resu l t  determined on the 
merits . Th e procedural rul e -of- reason condemns such obstruction .  
Simi l arl y ,  even unauthori zed o r  inadequate l y  considered internal confi
dent ial  statement s may be viewed as  more express ive o f  true op inion and 
atti tude than pub l ic utterances and posit ions . The procedural rul e -o f
reason condemns secret inconsistency o f  motive . 
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The procedural rul e -of- reason cannot be reduced to catech i sm .  I t  
cal l s  for different app l ication i n  different s ituations . Thus , rul e
of- reason does not mean that a Z Z  data  must a tways be d i s c losed .  Some 
data may be proprietary , or not yet properly evaluated , or so sensa
t i onal or otherwi s e  prej udicial  as to be harmful i f  pub l ished at l arge . 
D i s c l osure under such circumstances could  be ant icompetitive , dangerous , 
or even un l awful . But ru l e - o f- reason does mean that there wi l l  be  a 
reason for nondis c l osure - - even if  stri c t l y  an internal one - - and 
that such reason wi l l  be a proper one and not adopted for the s o l e  
purpose of  avoiding an undesired resu l t . 

Rul e -of-reason accord ingl y  means that even the most confidential  
internal discussions and dec i sions wi l l  not  prove embarrass ing if  pub 
l i c l y  d i s c l os ed .  Private conversations  can , of course , be more frank , 
open , and free than those in pub l ic , but the substance of statements 
made and action s  taken wi l l  be the same whether on "center stage" or 
in the intimacy of  a smal l office . Without in any respect compromi s ing 
proprietary rights or management respon s ib i l i t y ,  the procedural ru l e 
of-reason assure s  the pub l ic that the dec i s ion proposed i s  based upon 
integrity . 

The procedural rul e -of-reason i s  not " image" bui l d ing or "publ ic" 
and "press" rel at ions . It gains speci fic  content and detai l with ex
perience and app l icat ion , especial l y  in those cases where it requires 
that the other cheek be turned and that host i l ity and improper tactics  
be countered with continued adherence to scient i fic  method . 

In summary , rul e - of-reason requires that : 

Tact ics  

Data wi l l  not  be withheld because i t  i s  "negat ive" or  "unhelpfu l . "  
Concealment wi l l  not be practiced for concealment ' s  sake . D i s 

c l osure as the pol ic y ,  with concealment the except ion , wi l l  b e  r e 
fl ected throughout . 

D e l ay wi l l  not be employed as a tactic  to avoid an undes i red 
resu l t , even where convinced that the resu l t  sought is  the r ight one . 
The end cannot justify the mean s . 

D i s c l osure wi l l  not be postponed for the purpose of "sandbagg ing" 
so as to  " spring" new evidence on an unsuspecting adversary at the 
propitious t ime when unprepared -- even if the adversary is engaging 
in such tact ics . 

Comp l ex concepts wi l l  be s imp l ified so as to achieve maximum 
poss ib l e  communicat i on and l ay understanding . 

Unfair "tricks" designed to mis l ead wi l l  not be emp l oyed to win 
a strugg l e .  

Borderl ine ethical d i singenuity wi l l  not b e  practiced . 
Mot ivat ion of  adversaries wi l l  not unnecessar i l y  or l ight l y  be 

impugned , nor "overk i l l "  emp loyed . 
An opponent ' s  personal habits  and characteri s t i c s  wi l l  not be  

questioned un l e s s  rel evant . 

Copyright © National Academy of Sciences. All rights reserved.

Sweeteners: Issues and Uncertainties.
http://www.nap.edu/catalog.php?record_id=18498

http://www.nap.edu/catalog.php?record_id=18498


Wherever pos s ib l e ,  opportunity wi l l  be l eft for an opponent ' s  
orderl y  retreat and "exit with honor . "  

249 

Extremism wi l l  be countered forceful l y  but wi l l  not be fought or 
matched with extremism . 

Dogmatism wi l l  be avoided . 
Credib i l i ty and integrity wi l l  be  given first priority . 

Scientific Method 

Effort wi l l  be made to ident i fy and i s o l ate sub j ective considera
tions invo l ved in reach ing a conclus ion . A substantive rul e-of- reason , 
acceptab l e  to pro fess ional s and technic ians , wi l l  be app l i ed fair l y  and 
uniformly in evaluat ing such considerations . 

Re l evant data wi l l  be d i s c losed when ready for analysis  and peer 
review -- even to an extremist opposition or where there is no substan 
tive l egal obl igation t o  d i sc l ose . 

Hypothe s i s , uncertainty , and inadequate knowl edge wi l l  be stated 
affirmat ive l y  -- not conceded on l y  reluctan t l y  or under pressure . 

Unj ustified assumptions and off-the -cuff comments wi l l  be avoided , 
especial l y  regarding such unknowns as organ i zat ional intent and purpose . 

Interest in an outcome , re l at ionship to a proponent , and b ias , 
prej udice and proc l ivity of any kind wi l l  be d i s c l osed vo luntar i l y  and 
as a matter of course . 

Research and inves t i gation wi l l  be conducted , appropriate to the 
probl em invo lved . Although the precise extent of that effort may vary 
with the nature of the prob l em ,  the number of organ i zations involved , 
the effect on other priorities  and s imi l ar cons iderations , it wi l l  be 
consi stent with stated overal l  responsibi l ity to so lut ion of the 
prob l em .  

Certain l y  science has not yet real i zed i t s  proper p l ace in the soci 
etal dec i s i on process , part icu l ar l y  within the execut ive branch of the 
federal government . But at l east it has begun to recogn i z e  i t s  need to 
do so . I t  i s  enhancing its  opportunities  by appl ying the rul e -of
reason to its substant ive sc ient i fic effort s .  

Regrettab l y ,  however , al l too many of those invo lved in the dec ision 
process itse l f ,  inc lud ing members of the l egal profession , do not ap
preci ate that their fai lure to app l y  the ru le-of-reason to their own 
conduct threatens the integrity of the process by which di sputes are 
resolved and thereby j eopardi zes  their roles and harms soc i ety . 

Some of my col l eagues at the Bar contend that the rul e -of-reason 
approach i s  utop i an , ideal i s t i c , and unrea l i st i c , and that i t  won ' t  
work . They are dead wrong . Not onl y  does it  meet the chal l enge of our 
modern soci ety , but where tested it has worked - - magni ficent l y .  The 
controversy regarding use of certain compounds containing tetrachloro 
diben zoparad ioxin (TCDD) i s  an exce l l ent current examp l e . For over 
three years the adversary l egal system produced l it t l e  but antagonism ,  
calumny,  bitterness , attacks on sc ient i s t s , procedural prehearing con 
ferences and appeal s unre l ated to scient ific substance ,  and into l erab l e  
wastes of money , manpower , t ime , and other precious re sources . A few 
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of  the parties  dedicated to the procedural rul e - o f- reason kept p lugging 
away at a more sensib l e  approach - - even going so far as to d i s c l ose  
their evidence vo luntar i l y  at  a maj or conference o f  s c i ent i s t s  attended 
by their adversari es that was he l d  far in advance of the l egal hearing . 
As a resu l t ,  the antagonistic  l egal approach was formal l y  suspended , and 
has now been rep l aced by a cooperat ive work ing effort b etween govern 
ment , industry , and even c iti z en groups , conduct ing j oint s c i entific  
research and sharing data and methodology in  the  best sc ienti fic trad i 
t ion . Certain l y  perfection has not been ach i eved , and there remain 
some suspicions and doubts , especial l y  among the onl ooking l egal 
advocates . But sure ly this  i s  a beginning to a better way . To my 
doubt ing l egal co l l eagues I therefore say , "Try it - - you ' l l  l ike it . "  

A l l segments of society , inc lud ing government , private industry , 
c iv i l  rights , environmental  and po l it ical organ i zat i on s , and individ
ual s ,  have much to contribute to the process by which maj or societal 
i s sues are resolved . Each shou l d  part i c ipate in formu l at ing the final 
dec i s i on .  Where pub l ic  credibi l ity i s  impaired , the opportun i t ies 
both to contribute and to part i c ipate are endangered and society is  
d i s served . 

Each interested party can he lp  achieve publ ic credibi l ity by app ly
ing the rul e -of-reason to i t s  total partic ipat ion in the dec i s i on 
process . To the extent that it does so , it wi l l  also  enl arge i t s  
opportun i t i e s  to part ic ipate in formu lat ing the u l t imate dec i s ions , as 
we l l  as contribute to the deve lopment of a process of reso lving sc i 
ent ific  pub l ic interest di sputes  that i s  geared t o  the i s sues o f  the 
twent ieth century instead of the Dark Ages . It may not abdicate  thi s  
important responsibi l ity i f  society i s  to arrive a t  opt imum dec i s ions . 
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