
aerobic conditions. Thus decarboxyla- 
tion of ascorbic acid or related com- 
pounds cannot be the only source of 
the carbon dioxide production. The  
carbon dioxide production under anaer- 
obic conditions \vas higher than would 
be expected from the pigment produc- 
tion, if these t\vo were related. After 
48 hours under anaerobic conditions: 
the mixtures still contained appreciable 
amounts of ascorbic acid. 

The  absorbance of the solution after 
it first reached a maximum decreased in 
experiments conducted at  50” C.  under 
aerobic conditions. Reactions in the 
other experiments procetded so slowly 
that no maximum was reached during 
the time the reaction was followed. 
Seaver and Kertesz ( i 9 )  fc’und maximum 
color production when ascorbic acid 
was heated in the presence of glycine 
and a t  times when ascorbic acid was 
heated alone. The  reason for this 
is not known. Joslyn (75) more recently 
found that the concentration of ascorbic 
acid in browning systems determined 
whether or not the color production 
went through a maximum. At low 
concentrations of ascorbic acid the color 
increased continuously Lvith time. The  
same relation was observed a t  high con- 
centrations of ascorbic acid, but a t  
intermediate levels the color produc- 
tion went through a maximum. 

In sugar-glycine browning reaction 
considerable amounts of carboxyl carbon 
from glycine become associated with 
the brown pigment produced. This 
was not the case in the ascorbic acid- 
glycine-citric acid browning reaction 
studied. h-o carboxyl carbon was found 
associated Lvith the pigment, and in the 
experiments Jvith 1 -C14 glycine very 

little labeling was found in anything 
except the original glycine. Most of 
the methylene carbon of glycine also 
remains in the original compound, 
although it was detected in a t  least three 
other compounds; of these the major 
one was the pigment. Formaldehyde 
production could not be detected, but 
as some carbon dioxide was derived 
from glycine the glycine was apparently 
degraded to a small degree. 

The  relation between the amount of 
carbon dioxide produced and the pig- 
ment production differs markedly at  
37’ and 50’ C. This is in agreement 
with the findings of Joslyn that a change 
in reaction mechanism may occur in 
ascorbic acid systems between 30” and 
50” C.  (75). At lower temperatures 
the carbon dioxide and pigment pro- 
duction are linearly related. At higher 
temperatures a more complex relation- 
ship exists. Pigment may be formed 
a t  higher temperatures by a separate 
mechanism or course of reaction than 
a t  the lower temperatures, or a second 
pigment-producing reaction may be 
activated a t  the higher temperatures. 
This striking difference is shown in 
Figure 4. 
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The intestinall flora may influence experimental and clinical injury of the liver. Because 
it has been claimed that emulsifiers may change the intestinal flora, their effect on experi- 
mental hepatic injury was studied. Emulsifiers of the polyoxyethylene series, and mono- 
glycerides in doses of 1 yo of total food intake, had no influence on development of experi- 
mental hepatic necrosis. Even in doses up to 10% no effect was noticed on experimental 
cirrhosis of the liver. Some emulsifiers in doses of 5 and 10% slightly retarded produc- 
tion of experimental hepatic necrosis. It is improbable that in the doses used in practice 
these emulsifiers have a deleterious effect on the liver. 

OME NONIONIC: FOOLI EMULSIFIERS, after feeding of high levels (25%) of causally related to the reduced grolvth 
rates of the experimental animals (4) .  
O n  the other hand, Ely (8) reported that 
several surfactants given in small doses 
stimulated growth of chicks in 10- to 12- 

S after prolonged ingestion, may pro- sorbitan and polyoxyethylene sorbitan 
duce changes in the intestinal flora (74, esters of lauric, stearic. and oleic acids 
76). Reduction in the numbers of the in- and of polyoxyethylene esters of stearic 
testinal flora of rats has been reported acids. This effect was thought to be 
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Iveek experiments. The  groivth pro- 
motion by surfactants has been compared 
\vith the much more reproducible and 
more intensive growth-stimulating efl'ect 
of antibiotics in chicks, turkey poults. 
pigs, and rats 1.3, 7 5 ,  77-27). 

In  this metabolic reaction the intestinal 
flora plays a determining, although still 
unexplained, role. Measurements of 
interfacial tension in the presence of 
certain nonionic emulsifiers (6 ,  7, 76) 
make it very improbable that these sub- 
stances ingested at  reasonable dietary 
level materially change surface tension 
in the intestinal tract. 

.4ntibiotics may not only promote 
growth in animals but also delay develop- 
ment. of dietary massive necrosis of the 
liver in rats fed a diet IOIV in vitamin E 
and with yeast as sole source of protein 
( 7 7 :  73), as \\ell as  development of 
dietary cirrhosis of the liver ( 7 7 ,  72). 
Here again the intestinal flora appears to 
be the determining pathogenetic factor 

These observations and analogies made 
it desirable to test various nonionic 
emulsifiers, proposed for use in small con- 
centrations as food additives. as to their 
possible effect on the development of 
experimental dietary injury of liver 
(necrosis, cirrhosis) and on the intestinal 
flora. 

( 7 7 ) .  

Experimental Method 

The  nonionic l~artial  esters of sorbitan 
and 'or polyoxyethylene Lvith long-chain 
fatty acids. kno\vn as Trveen. Myr,j? and 
Span emulsifiers, \cere uscd as food addi- 
tives. I n  a few experiments molecularly 
distilled monoglycerides. Myverol prod- 
ucts, were included ( 7 ) .  The  following 
emulsifiers !\'ere added as supplements 
in varying concentrations to the basal 
experimental diet. 

Tjveen 60, polyoxyethylene (20) sorbi- 

Tlveen 80. polyoxyethylene (20) sorbi- 

Span 60. sorbitan monostearate 
Myrj 45, polyoxyethylene (8) stearate 
Myrj 52, polyoxyethylene (40) stearate 
Myverol 18-40, monoglycerides pre- 

Myverol 18-85> monoglycerides pre- 

tan monostearate 

tan monooleate 

pared from lard 

pared from cottonseed oil 

The basal diet (70. 72) for the produc- 
tion of dietary massive necrosis of the 
liver consisted of yeast (British type of 
baker's yeast) 18 parts. cornstarch 79;  
and salt mixture USP  11, 3. Peanut oil, 
6.2-5 ml., and cod liver oil, 1.25 ml., were 
added to each 100 grams of the mixture. 
The  emulsifiers when used as supple- 
ments \cere substituted for cornstarch. 
The  animals also received daily supple- 
ments of vitamins: 20 7 of thiamine, 25 y 
of riboEavin: 20 y of pyridoxine: 100 y of 
calcium pantothenate, and 20 y of vita- 
min K?  dissolved in l m]. of water. 

Young rats (Carworth Farms or Sprague- 
Dalvley) with a starting weight beween 
45 and 55 grams were used. 

Eietary cirrhosis of the liver ivas pro- 
duced \cith use of the experimental 
ration proposed by Copeland and Salmon 
(,7). The  basal diet consisted of 
methanol-extracted peanut meal (Session 
Oil Mills. Enterprise: Ala.) 30, casein 
(vitamin-test, General Biochemicals 
Corp., Chagrin Falls, Ohio) 6,  sucrose 
40. lard 18. salt mixture (USP No. 2) 4. 
cod liver oil 2. and niacin 10 mg. per kg. 
The  emulsifiers when used as supplements 
were substituted for sucrose. As vitamin 
supplements the animals received the 
same mixture as those fed the necrogenic 
yeast diet, with the addition of toco- 
pherol (3 mg. per week). Rats (Sprague- 
Dawley) with a starting average iveight 
of about 95 grams Irere used. 

The  animals \sere kept in single metal 
cages with \vide-meshed bottoms. Food 
intake and weight were regularly re- 
corded. T h e  food intake in the various 
groups was kept on approximately the 
same level: without direct paired feeding. 

I n  a selected number of rats the effect 
of 5% T\ceen 60 and 5% T\ceen 80 in 
the diet on the bacteriological composi- 
tion of the intestinal flora \vas studied in 
comparison \cith rats receiving the same 
basal experimental necrogenic yeast 
diet without supplements of emulsifiers. 

For bacteriological studies rats were 
killed icith ether after they had been on 
the experimental diet for 2. 4, 7:  14, 21. 
and 45 days. 'The abdominal cavity 
\vas opened, sections of the ileum (about 
6 inches) and the cecum were removed 
aseptically, and the contents of each 
segment were squeezed into a dry sterile 
iveighed glass vial. 

In  other studies fecal samples were 
collected within 2 hours after excretion 
and introduced into sterile glass vials. 
The  Iceight of the sample was deter- 
mined; 10 ml. of sterile saline solution 
and sterile glass beads were added to 
each vial. T h e  samples were thoroughly 
shaken and tenfold serial dilutions were 
made. Inoculations nere  made from 
these dilutions into the appropriate tubes 
or Petri dishes required for each cultural 
procedure. 

One milliliter of the original 10 ml. of 
suspension of intestinal material was 
evaporated with some alcohol on the 
steam bath on dried weighed aluminum 
foil dishes. The  dishes containing the 
residue were dried overnight in vacuo 
over calcium chloride and weighed. 
This weight served as basis for calculation 
of data on the intestinal bacterial count. 
The  data on the fecal material were 
based on the wet \\eight. 

Media and Cultural Procedures. 
Dilution tube counts were used for 
determination of Coliform bacilli, E. 
coli and Enterococci. Tubes containing 
the appropriate selective medium were 
inoculated in triplicate n i t h  0.5-ml. 

aliquots of the dilutions of the original 
sample and incubated for 5 days at the 
appropriate temperature. Calculations 
\cere based on the assumption that the 
highest dilution of the inoculum ivhich 
caused gro\vth in a t  least two of the 
triplicate tubes contained one organism. 

EC broth (Difco) was used a t  37' C. 
for dilution counts of Coliforms and at  
45' C.  for counts of E. coli. The last 
dilution of the EC medium sho\cing gas 
production \\.as strraked on EMB agar 
(Difco) for confirmation of E. coii or 
Coliform. 

SF broth (Difco) wasused a t  37 'C.  for 
dilution counts of Enterococci. The  last 
dilution \vas streaked on blood agar 
plate for confirmation that the growth 
\cas due to cocci. 

Plate counts \\.ere used for the deter- 
mination or total counts. yeast. and 
Clostridia count. Knoivn aliquots of the 
appropriate dilutions of the sample were 
spread on agar plates. Duplicate plates 
were run on each dilution. The plates 
\cere incubated and the colonies counted. 
Counts on duplicate plates lvere averaged 
and this figure served as basis for calcula- 
tion of the numl.er of bacteria in the 
sample. 

Trh-litone ).east agar (Difco) \vas used 
for total count. Duplicate dishes were 
incubated aerot-ically and anaerobically 
a t  37' C. for 48 hours. Potato dextrose 
agar iCifco) a t  pH 3.5 \cas used for yeast 
counts. Plates were incubated at  room 
temperature for 4 to 5 days. 

The  plate techniquc \\.as used for the 
determination of Clostridia. .4 known 
aliquot of tile appropriate dilution of the 
sample \vas introduced on a sterile Petri 
dish and the agar ivarmed to about 40' C. 
\vas poured over the sample. 

Nutrient agar 1Difco). to which 17~ 
bactodextrose (Difco). 1% sodium sul- 
fite, and 0.04% ferric chloride were 
added, \vas used for Clostridia count. 
hfter anaerobic incubation for 18 to 24 
hours. Clostridia gre\v out as character- 
istic black colonies. The  colonies were 
counted and representative colonies were 
streaked on blood agar plates. and. if 
hemolytic, were inoculated into litmus 
milk for further identification. 

Experimental Results 

Sone  of the emulsifiers tested affected 
development of dietary massive necrosis 
when added as lye of the diet mixture. 
In  this concentration they appeared to be 
\vithout influence on the hepatic necrosis 
or the growth rate and general condition 
of the experimental animals. As shown 
in Table I, Tween 60, hfyverol 18-40: and 
hlyverol 18-85 mixed with the basal 
necrogenic diet a t  the 5 or 10% level 
significantly delayed development of 
liver necrosis in rats, with correspond- 
ingly prolonged survival time. In  con- 
trast, Tween 80 and hfyrj 52 were com- 
pletely ineffective, while Span 60 and 
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Myrj 45 showed a slight tendency toLvard 
delaying this acute form of hepatic in- 
iury. The  gain in weight on the basal 
experimental necrogenic diet represents 
only a fraction of that expected in rats of 
similar age, fed a nutritionally complete 
diet. Span 60 and iMyrj 45! mixed a t  
the 57, level with the diet, caused a n  
additional transitory retardation. At 
the end of the experimental period, the 
control animals gained on the average 
11.6 f 2.5 grams, the rats receiving 
Span 60 9 .5  3= 2.4 grams, and those with 
Myrj 45 12.0 f 1.5 grams. S o  such 
effect on growth was noticed with Tlveen 
60, Tbveen 80. Myr j  52, and Myverol 
18-85 fed a t  the 57c level. hfyverol 
18-40 slowed growth, but this retardation 
was not further accentuated when this 
emulsifier was fed a t  the 10% level. 

The  effect of Myverol 38-85 in delay- 
ing the development of liver necrosis in 
rats may reside in the fact that mono- 
glycerides distilled from cottonseed oil 
(such as M y e r o l  18-85) (contain vitamin 
E. T h e  same explanation may not be 
applicable to the other emulsifiers, and in 
particular not to Myverol 18-40 or to 
Tiveen 60, ivhich \vas free from vitamin 
E (Analysis by Food Research Labora- 
tories: Long Island City, X. Y . ) .  

T h e  assumption that TLveen 60 may 
act through modification of the intestinal 
flora \vas not borne out b) direct bacterio- 
logical studies in ivhich the intestinal 
flora was investigated in control animals 
and in rats receiving 5'76 supplements 
of Tween 60 and Tween 80. Minor 
quantitative changes in i.he composition 
of the intestinal flora were statistically not 
significant. .A summary of the observa- 
tions, based on the enumeration of 
various bacterial types in the ileum and 
cecum of rats kept on the necrogenic 
basal diet and supplemented with Tween 
60 or T\veen 80, appears in Table 11. 

I n  some instances, number of intestinal 
bacteria was reduced in the ileum in the 
presencc of loose, water). intestinal con- 
tent. I n  analogous studies of intestinal 
Hora in rats fed the same experimental 
diet separately supplemented with aureo- 
mycin or penicillin. si.milar negative 
results Lvere obtained ( 9 ) .  Ko significant 
modification of the flora \vas sholvn. As 
it seems clear that an1:ibiotics modify 
the intestinal fiora, it is evident that the 
technique used may not demonstrate 
all possible changes. 11 did in this case 
indicate-. ho\vever. that no significant 
changes ascertainable by direct count 
occur. 

Table 111 summarizes [he results of one 
experiment in Lvhich the effect of various 
nonionic emulsifiers ( T u  <-en 60, Span 60. 
Rlyrj 45, M\verol 18-40, and Myverol 
18-85) on dietary cirrhosis of the liver 
\\'as investigated. All groups of animals 
received to 8 grams per day, of the 
basal cirrhosis-producing diet supple- 
mented from the start with emulsifiers. 
.At the end of 120 days all rats were 

Table 1. Effect on Course of Dietary liver Necrosis in Rats 

Group 

A. Controls" 

B. Tween 
35' 

60.11 

C. Tween 80.u 

D. Controlsb 

j C' ,(. 

E. Myrj 52. 5(/; 

A.  Controls' 

B. Span 60.c 5(,, 

D hfyverol 18- 
85.' 5'6 

A.  Controlsc 

C. Tween 60.c 

D. Tween 60,< 

F. hfyverol 18- 

5% 

10c/1 

40.c 5((. 
G. hfyverol 18- 

4 0 , ~  10% 

No. of Survival Time, 
Rots 

10 

9 
1 

3 

9 
1 
9 
1 
9 
1 
9 
2 
9 
1 

8 
4 
1 
7 
2 
1 

10 
1 
8 
4 
9 
2 
9 
2 
1 

7 

Days, Av. 

34.6  f 9 . 3 "  

103 f 7 8 
12 
.54 f 5 5 
11 
68 6 i 19 4 

200 
4 8 5 1 4 4  

200 

40 f 2 7 b  
Alive 200 days 
32 f 4 . 1  

1 9 . 5  

50 f 2 . 0  
21 

64 .5  i 9 7 
16 

.\live 200 days 
28.4 f 1 9 b  
2 9 . 0  

Alive 20C days 
59.8 f 5 5 
2 7 . 0  

'( Sprague-Dawley males. 
(3 Standard error. 
c Carsworth Farm males. 

' 3 3 + 8 4  

75 4 + 16 4 
15 
67 5 f 1' 0 

Alive 200 davs 

17 o 

17 

Weight  Gain 
during First 
4 Weeks, 

G. Av. 

6 . 8  f l . 8 b  

1 7 . 3  i 1 . 6  

13 3 i 3 . 3  

3 0 0 f 2 1  
43.0 
2 3 0 1 2 0  
29 
1 0 7 1 1  91 
3 

1 4 f 2 4  

2 . 6  f 1 . 6  

7 . 7  & 1 5 

0 . 0  

-16 
-4 
9 . 6  zt 1 0 

1 3 . 1  f 1 . 7 '  

1 . 2  + 2 5 

3 2 z k 4 3  

6 . 8  f 2 . 8  

24.0 

Food lntoke 
(Av. G./Day)  

during 
1-4 Weeks 

5 8 * 1 1 b  

6 8 f 0 . 3  

6 . 7  f 0 . 2  

7 2 f 0 4  

7 . 2  f 0 . 1  

6 . 0  f 0.2"  

6 2 i 0 . 2  

6 . 4  f 0 . 1  

6 . 5  f 0 . 1  

6 5 f 0 2 *  

7 . 3  =I= 0 . 2  

7 . 2  * 0 . 2  

7 . 7  f 0 . 2  

6 . 8  i 0 2 

Cause of  
Death 

1,iver ( 1  0) 
necrosis 

Liver necrosis 
Inanition 
Liver necrosis 
inanition 
Liver necrosis 

Liver necrosis 

Liver necrosis 

Liver necrosis 
Inanition 
Liver necrosis 
Inanition 
Liver necrosis 
Inanition 

Liver necrosis 
Inanition 

Liver necrosis 
Inanition 
Liver necrosis 
Inanition 
Liver necrosis 
Inanition 
Liver necrosis 
Inanition 

sacrificed. T h e  salient gross and his- 
tological findings on  the liver and kidney 
and the changes in weight from the start 
to the end of the experiment are in- 
cluded in Table 111. 

I n  all groups very severe cirrhosis was 
found. T h e  incidence of necrotizing 
nephrosis was equally high throughout. 
h-0 significant effect of the emulsifiers in 
the doses used has been demonstrated. 

If anything, the monoglycerides aggra- 
vate both hepatic and renal changes. 
T h e  smallest increase in weight was 
observed in the group of rats receiving 
2TC Myverol 18-40. Hoxvever, the fact 
that 10% of Myverol 18-40 was less 
deleterious in weight increase, seems to 
indicate that the findings with 270 
supplement were more chance than 
real. S o  specifically harmful effect was 

Table II. Effect of Dietary Supplements of Tween 60 and Tween 80 on 
Intestinal Flora of Rats on a Necrogenic Diet 

Effect of  5% Tween 80  Bocteriol Type 

Total count No effect No effect 
Coliform Possible increase in ileum Possible increase in ileum 

E. LO12 Samr as with Coliform Same as with Coliform 
Same as tvith Coliform Enterococci Same as with Coliform 

Clostridia Possible increase in incidence No effect 

Yeasts KO effect No effect 

Effect of 5% Tween 60 

No effect in crcum or in feces KO effect in cecum or in feces 
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Table 111. Effect of Emulsiflers on Dietary Cirrhosis of Liver 

Group Supplement 

I 
I1 
I11 
IV 
V 
VI 
VI I 
VI11 
I X  
X 
X I  

2% Tween 60 
10% Tween 60 
2FG Span 60 
1070 Span 60 
2Cc Myrj 4 5 ~  
10 $c Myrj 4 5 ~  
2Yc Myverol 18-40 
10 Myverol 18-40 
2 5  Myverol 18-85c 
1OYo Myverol 18-85 

Cirrhosis Kidney 
Weight, G. Polyserositisa ++ fo Necr. 

Before Affer 0 + 0 + +++ ++t+ 0 Nephr. 

94 i 2.4* 195 f 4 . 0  8 2 1 0 5 
94.5 f 2 . 2  195 zk 4 .0  9 1 0 2 3 
94 f 1 . 8  202 i 2.75 9 1 0 4 3 
94 zk 1 . 7  193 i 5 . 6  9 1 1 1 2 
94.5 i 1 . 8  182 zk 3 . 9  9 1 0 0 2 
93 f 1 . 6  189 f 4 . 6  9 0 1 0 5 
97 f 1 . 6  184 zk 2 . 4  9 0 0 0 3 
94 f 1 . 5  179 f 5.15 4 6 0 0 3 
94 f 1 . 4  197 f 5 . 8  7 3 0 1 1 
95 f 3 . 8  194 i 4 . 6  8 1 0 0 1 
95 iz 1.75 202 f 7 . 3  7 3 0 0 3 

4 3 7 
5 3 7 
3 6 4 
6 5 5 
8 3 7 
3 1 8 
6 1 8 

0 10 7 
8 1 9 
8 0 9 
7 1 9 

Duration of experiment, 120 days 

a Free fluid in serous cavities. 

c One rat in each experiment died early. 
Standard error. 

induced by the nonionic emulsifiers used 
in this experiment. 

In  an  additional experiment all groups 
of animals received the basal cirrhosis- 
producing diet without supplements of 
emulsifiers. At the end of 4 weeks, a t  
which time it was assumed the basal 
ration must have produced a t  least fatty 
liver, emulsifiers (Tween 60, Span 60, 
Myrj 45) in the concentration of 2 and 
10% were added to the ration of various 
groups; one control group remained 
without such supplement. No signifi- 
cant effect of the emulsifiers in the doses 
used was demonstrated. A slight? but 
statistically significant, retardation of 
growth occurred in rats receiving 107, 
Span 60 or Myrj 45. 

Discussion 

The absence of any discernible effect 
on the development of dietary hepatic 
necrosis following the feeding of 1 7, con- 
centrations of emulsifiers is consistent with 
the assumption that these products do  
not affect the intestinal flora a t  this con- 
centration. At a level of 5%, Myrj 45 
and Span 60 slightly delayed develop- 
ment of hepatic necrosis. Tween 60 and 
Myverol 18-40 have significantly pro- 
longed the survival time of rats, when 
added a t  5 or 10% level to the necrogenic 
basal diet. I n  contrast, Tween 80 and 
Myrj 52 have been found ineffective even 
a t  5% level in the diet. All these emul- 
sifiers are practically free from vitamin E .  
No adequate explanation can be offered 
for their varying effect on the develop- 
ment of experimental hepatic necrosis. 
I t  may be assumed that all are hydro- 
lyzed by intestinal lipase to their com- 
ponent fatty acid and corresponding 
polyhydric alcohol moieties, with result- 
ant  loss of surface activity. Recently. 

Beveridge ( 2 )  called attention to the 
effect of dietary fat on the development 
of experimental dietary hepatic necrosis 
in rats and related it to changes in the 
intestinal flora. In  contrast to the 
authors’ selected observations, in Bever- 
idge’s studies fat enhanced the develop- 
ment of hepatic necrosis. This dis- 
crepancy may be due to difference in the 
chemical n a t u e  of the dietary fats used. 

The  beneficial effect of Myverol 18-85 
has to be related to its high vitamin E 
content. 

In  long-term experiments (150 days) 
no difference was observed in the in- 
tensity of cirrhotic changes between 
groups of rats whose basal cirrhosis- 
producing diet was supplemented after 4 
weeks with Span 60 or Myrj 45 or Tween 
60 or Myverol 18-40 or Myverol 18-85. 
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