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the melting dilation of the corresponding f a t ty  acid. 
The melt ing dilations of the f a t ty  acids and their 

glyceryl  esters, as functions of the chain length, are 
plotted in F igure  2, which includes both observed val- 
ues and values calculated by  means of the equations. 

When calculated by  the equations given the melt ing 
dilations of those compounds which contain less than  
10 carbon atoms deviate f rom the observed values be- 
cause of the increased importance of the end-group as 
the length of the carbon chain decreases. This result  
was experienced by  Garner  and associates (3) in their  
work on heats of fusion. Consequently the equations 
are not valid for  such materials.  Also unsa tura t ion  
in a f a t ty  acid or its glyceryl  esters grea t ly  influ- 
ences melting' dilation (2), and the equations herein 
presented are not valid for  unsa tura ted  compounds. 
The melt ing dilation of mono-olein was approximate ly  
one-lmlf that  of monostearin although the number  of 
carbon atoms is the same for  each. 

Summary 
Melting dilations have been determined for  the 

even-numbered, sa tura ted  n- fa t ty  acids in the series 
laurie through stearie, and some of their  glyceryl  
esters. These data have been correlated with data 
obtained previously to determine tile relationship be- 
tween melt ing dilation and the effective chain length 
of these c(/nq)oun(ls. 

The melting (lilatiolls of the mono-, (It-, and |r igly, ' -  
eryl esters of a f a t ty  acid were foun(l to be proper-  

t ional to the acid residue content of each compound. 
The melt ing dilation of a monoglyceride was one-half 
that  of the diglyceride and one-third that  of the tri- 
glyceride of the same fa t ty  acid. 

The increment  of melt ing dilation of the f a t t y  acids 
and glyceryl  esters increased regular ly  with each ad- 
dition of two methylene groups, with the end group 
components exert ing a contant  effect on the volmne 
change. 

Equations were developed for  calculating the melt- 
ing dilation of the n- fa t ty  acids and their  glyeerides 
as a function of chain length of the f a t ty  acid radical. 

The melt ing dilations of those compounds which are 
unsaturated,  or have less than 10 carbon atoms, can- 
not be calculated by  these equations. 
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Biochemical Studies on Vitamin A. 
X. A Nutritional Investigation of Synthetic 
Vitamin A in Margarine 
STANLEY R. AMES, MARION I. LUDWIG, WILLIAM J. SWANSON, 
Research Laboratories, Distillation Products Industries, Division of 
Eastman Kodak Company, Rochester, New York 

and PHILIP k. HARRIS, 

C E R T A I N  types of natural  vi tamin A are cur- 
rently permit ted  for use ill margar ine  at a level 
of at least 9,000 [LS.I  ). units per poun(l (5). 

A(.tually the level of fol'tifieation generally used ill 
the II .S.A. is 15,000 U.S.P.  units of vi tamin A pet' 
pound. Margar ine  is thus all important  food source 
of vi tamin A. Two ounces supply  1,875 units or 
47% of the F. 1).A. mininmm daily requirement  for 
humans (6). With the avaihd)ility of commercially 
pro(llw~ed synthetic vi tamin A (2), its addit ion to 
margar ine  is of current  interest. Synthetic vi tamin 
A concentrates are suitable for  use since their  bland- 
:ness and high concel,tration obviate objectionable fla- 
vors and odors ill the margarine.  

This investigation was designed to s tudy the effect 
in margar ine  of vi tamin A in tile form of synthetic 
vi tamin A palmitatc  in amounts larger  than usual. 
Three generations of rats were maintained on ade- 
quate diets containing 7.5% of margar ine  oil, one 
containing natura l  vi tamin A ester at tile usual level 
(18,500 I I .S .P .  uni t s /granl )  and the other fortified 

1Presented at the 25th Fall Meeging, American Oil Chemists' Society, 
Chicag'o, ]ll., Oct. 8-10, 1951. 
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with synthetic vi tamin A pahnitate at a level 100 times 
tha t  or(linarily used. The criteria of response were 
growth rate, reproductive i)erformance, and lactation 
ability. No diffel'enecs of pract ical  or statistical sig- 
nificance were discovcrcd in the nutr i t ional  value of 
the two margar ine  oils. 

Experimental 
Diets. The detailed composition of the diets used in 

this s tudy is given in Table I. These diets are com- 
posed of natural  materials  and a similar diet with 
hydrogenated vegetable shortening in place of mar-  
garine oil as tile source of fa t  has proven to be ade- 
quate for growth, reproduction,  aml lactation of our 
sleek colony rats  ow~r a period of ntany years. Tile 
margar ine  oil consti tuted 7.5% of the diet. Fresh  
diets were p repared  weekly, and the p repared  diets 
were stored in the re f r igera tor  until used. All diets 
were fed ad libitum. 

Supplements .  The margar ine  oil used to prepare  
the " r e g n l a r  margar ine  oil d i e t "  was obtained by  the 
clarification of commercial margar iue  ( " M a y f l o w e r "  
b rand  made by  Armour  and Company)  labeled as 
containing 15,000 units of vi tamin A per  pound of 
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TABLE I 

Diet Composition 

% 
I. Corn (ground)  ....................................................... 20.0 
2. Wheat (ground) .................................................... 30.0 
3. Dry skim milk ........................................................ 21.0 
4. Crude casein ........................................................... 5.0 
5. Calcium carbonate ................................................. 0.5 
6. Iodized salt ............................................................. 1.0 
7. Alfalfa meal ............................................................ 2.0 
8. l~eat-bone scraps .................................................... 3.0 
9. Liver ....................................................................... 1.0 

i0. Yeast ...................................................................... 2.0 
11, Soybean meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . 0  

12. Marga r ine  oil a ....................................................... 7.5 

100.0 

Components 4 th rough  11 are  premixed and  then added to compo- 
nents 1 th rough  3. After  thoroughly mixing these dry  ingredients,  the 
marga r ine  oil is added and  the ent i re  diet again  thoroughly mixed. 

aThe " r egu la r  marga r ine  oil diet" contained m a r g a r i n e  oil prepared  
f rom commercial m a r g a r i n e  (18,500 U . S . P .  uni ts  of na tu ra l  vi tamin A 
per  pound) .  The "high vi tamin A marga r ine  oil diet" contained com- 
mercial marga r ine  oil fortified with synthetic vi tamin A palmitate to a 
level of 1,850,000 U . S . P .  uni ts  of vitamin A per pound.  

margarine.  Actually,  15,000 un i t s /pound  is a mini- 
mum value since it is common practice for  manu- 
facturers  to add overages of as much as 20%. On the 
basis of an 81% fa t  content of commercial margarine,  
the regular  margar ine  oil contained 18,500 units of 
v i tamin A per  pound of fa t  (40.75 un i t s /g ram) .  The 
high vi tamin A margar ine  oil used in the " h i g h  vita- 
min A margar ine  oil d i e t "  was p repared  by  fortifica- 
tion of the regular  margar ine  oil to a level of 1,850,000 
units of v i tamin A per  pound of fa t  (4,075 un i t s /  
gram)  with commercial concentrates of synthetic vita- 
min A palmitate  ( " M y v a x "  b rand  manufac tu red  by  
Distillation Products  Industr ies) .  The fortification 
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AGE-WEEKS AFTER WEANING 
F r o .  1. G r o w t h  o f  F2 g e n e r a t i o n  r a t s  ( 1 5  p e r  g r o u p )  r ece iv -  

i n g  d i e t s  c o n t a i n i n g  7 . 5 %  m a r g a r i n e  oi l  f o r t i f i e d  w i t h  v i t a m i n  A .  

was based upon the potency as determined by  U. S. 
Pharmacopeia  X I V  spectrophotometric procedure (3). 
Analysis of the " h i g h  vi tamin A margar ine  oil d i e t "  
indicated tha t  no significant destruction of the vita- 
min A in the diet occurred in one week under  the 
conditions of storage used. 

Treatment of Animals. Sixty albino rats, 30 males 
and 30 females, were selected at time of weaning f rom 
our stock colony. The animals, 15 per  group, were 
placed immediately on the two diets described above. 
The growth of the male animals was observed over a 
26-week period. The growth of the female animals 
was observed over a 12-week period, at which t ime 
reproduction and lactation experiments were started. 
The females f rom each dietary group were bred  and 
were mainta ined on the same diets previously fed. The 
young of the parenta l  group of animals (F1 genera- 
tion) were t reated in a similar manner  throughout  
growth, reproduction, and lactation. The young of the 
F~ generation were treated in a similar manner.  

Growth. The results of the growth studies for  the 
parenta l  group and the F~ and F_~ generations of ra ts  
fed the two margar ine  oil diets were very similar. The 
growth curves for  the F2 generation (Figure  1) are 
representative.  There was no significant difference in 
the rate of growth between animals of the same sex 
on the two diets. Average weights of all groups of 
animals at 12 weeks af ter  weaning are given in Table 
I I  so that  a direct comparison can be made between 

TABLE I I  

Growth Response of Rats  on Margar ine  Oil Diets 
(12th week af te r  weaning)  

Sex 

Males 

Females 

enera- 
ti on 

Fe 

Total 

P 
Ft  
F.2 

Total 

I Regula r  
marga r ine  

ell  Av. wt. No 
-rats ~ . + - S . E : J  

14 I 335.9+_4,o 
14 [ 2 9 2 . 7 + 8 . 5  
12 13_17.6u 

40 1 3 1 5 . 3 + 5 . 2  

15 [ 198.7+--4.4 
15 I 2 0 2 . 3 + 3 . 6  

43 I 201.9+-2.4 

o. ( 
"at~ 

15 
15 
15 

45 

15 
15 
15 

High 
vitamin A 
marga r ine  

oil diet b 

Av. wt, 

3~4.--~5+ 5.8 
292.2 ~-7.2 
339.5~-5.S 

3 2 2 . 1 + 4 . 8  

2 0 3 . 1 + 3 . 8  
207.7~-3.5 
2 0 9 . 4 ~ 1 . 8  

Significance 
of difference 

between means  

t P 

0.g0 0.8 -0.9 
0.05 ~ 0.9 
1.91 0.05-0.1 

0.96 0.3 -0.4 

0.76 0.4 -0.5 
1.07 0.3 
0.88 0.4 

1.64 0.1 

aMarga r ine  oil contained 18,500 U . S . P .  uni ts  na tu r a l  vitamin A per 
pound.  

bMargar ine  oil contained 1,850,000 U.N.P .  uni ts  synthetic vi tamin 
A per pound.  

the diets with and without  the large supplement  of 
synthetic vi tamin A. Results of the accompanying 
statistical analysis indicate that  there is no statistical 
difference in average weight of either male (p = 0.3- 
0.4) or female (p = 0.10) rats  on the two diets. 

Reproduction. The reproductive performance of the 
three groups of female rats is summarized in Table 
I I I .  Comparable  fert i l i ty was observed irrespective 
of diet or generation. The nlean size of the litters was 
also comparable.  No differences in reproductive per- 
formance were observed in female rats  fed either the 
regular  margar ine  oil diet or the high vi tamin A 
margar ine  oil diet. 

Lactation. The body weight of the young at wean- 
ing was used as the principal  criterion of lactation. 
Lactat ion performances of the parenta l  group and the 
F1 and F 2 generations are summarized in Table I I I .  
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TABLE I I I  

Reproduction and Lactation of Rats on Margarine Oil Diets 

Reproduction Lactation 

Litters, 
Genera- Females, Mean mean Mean 

ation pregnant  litter weight Weaned weaning 
/mated  size (3 4ays) /born, weight, 

g. % g. 

Regular Margarine Oil Diet (Margarine oil contained 18,500 U . S . P .  
units natural  vitamin A per pound) 

P ........................ 10.1 14/15 90 35.a 
F . . . . . . . . . . . . . . . . . . . . .  9.8 13/15 910 92 36.3 
F ...... ::: ............... 7.3 11/13 8.3 89 41.8 

High Vitamin A Margarine Oil Diet (Margarine oil contained 1,850,000 
U . S . P .  units synthetic vitamin A per pound) 

P ........................ 9.5 12/15 96 35.1 
F . . . . . . . . . . . . . . . . . . . .  7.3 15/15 817 100 40.3 
F ...... ::..: ........ : . . . . .  8.3 13/15 8.2 88 40.4 

The ratios of mean li t ter size at weaning to mean 
lit ter size at bir th  were very similar, and the mean 
weaning weights of the young were not significantly 
different between groups fed either the regular  mar- 
garine oil or the high vitamin A margarine oil diets. 

General Appearance. The animals on both marga- 
rine oil-containing diets appear  to be normal in every 
respect. Compared with stock colony animals of the 
same age and sex, they are identical with respect to 
growth, fu r  condition, " f e e l "  and gelmral appearance. 

Pathological Examination. Ten rats identified only 
by number  were submitted to Karl  E. Mason, l[niver- 
sity of Rochester School of Medicine and Dentistry, 
for gross and histological examination. The animals 
were F~ generation males, 33 weeks of age. Five were 
r e p r e s e n t a t i v e  of tile regular margarine oil group 
(511, 512, 524, 530, and 536) and five of the lligh 
vitanlin A margarine oil group (520, 526, 52S, 538, 
and 539). Dr. Mason's detailed report  may be sum- 
marize(l as follows. Gross observations of all  10 rats 
at necropsy showed theln to be in good physical con- 
dition with no unusual changes. ()he rat  (5121 showed 
some adhesions armlnd the pericardium, and 7 rats 
had slightly enlarged eecums. Histological examina- 
tion of skeletal muscle, heart,  liver, spleen, large and 
small intestine, thymus, and adrenals showed ttlem 
to be normal for adult  rats. Some tissues showed ab- 
normalities, but  it should be emphasized that  such 
deviations from normal occur with variable f requency 
in animals of the age represented by those of this 
group. Some local degeneration of acinar tissue of 
the pancreas occurred in two animals (512 and 520). 
Advanced degeneration of the testes was found in one 
rat  (520) and partial  degeneration in another (524). 
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Two animals (538 and 539) showed hydronephros is  
of the right kidney. Moderate hyperplasia of lymph- 
oid tissue as commonly occurs in older animals was 
generally present. Peribronchial  lymphocytic  infiltra- 
tion, combined with some vascular congestion, was 
common in most animals of this series. In  general, 
the pathological findings indicated no marked differ- 
ences in the tissues and organs of animals maintained 
on the two diets. 

Discuss ion  

Results of these nutri t ional  studies on albino rats 
show that  the feeding of margarine oil fortified to 
100 times the usual amount of vitamin A with syn- 
thetic vitamin A palmitate, compared with regular  
margarine oil, results in comparable response for 
growth, reproduction,  and lactation. The two groups 
of rats in these experiments consumed, respectively, 
about 30 and 3,000 units of vitamin A daily (assum- 
ing 10 gms. of diet eaten per day) .  On the basis of 
body weight the animals given the highly fortified 
margarine at the start  of the experiment r ece ived  
about 30,000 units/kg.  (50 gms. body weight;  food 
intake about 5 gms.), which gradual ly decreased to 
about  11,000 units/kg.  (400 gms. body weight;  food 
consumption about  15 gins.) at the end of the study. 
At these levels of synthetic vitamin A no deleterious 
effects were observed. Ttlis is in accord with previous 
observations on hypervitaminosis A in the rat  ob- 
tairled with both natural  and syntlletic vitamin A 
concentrates (1, 4). 

S u m m a r y  

The growth, rcl)rolluction, and lactation of three 
gene, rations of albino rats fed diets containing 7.5% 
of margarine oil fortified with syntlle, tie vitamin A 
palmitate to contain 1,850,000 units of vitamin A per 
l)Olmd of fa t  (1,501/,0tl0 units l>er pound t>f marga- 
rine) was investigated. This level o1' Slq)ph,nlentation 
gave normal responses comparable to ttlose shown by 
animals fed regular  margarine oil (18,500 units of 
natural  vitamin A per pound of fat  or 15,000 units 
per pound of margar ine) .  
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Effect of Over-Cooking of ,Cottonseed Meats on 
Quality of Meal 
JOHN W. DUNNING and ROBERT J. TERSTAGE, V. D. Anderson Company, Cleveland, Ohio 

T H E  cooking of cottonseed meats has received much 
attention during the past years in an a t tempt  to 
decrease oil mill maintenance costs, increase mill 

capacity, and improve oil quality. In pursuing these 
goals, a cooking process was defined in July,  1950 (11 
wherein the necessity of a minimum of 12% moisture 
during the cooking stage was emphasized. This cook- 

ing process consists of maintaining the meats at 185 
to 200~ at the minimum 12% moisture content for  
a period of time of 15 to 17 minutes. The cooked meats 
are then dried for expression of oil. Ear l ier  reports 
(1, 2) showed that  this cooking process made it possi- 
ble to produce a low refining loss oil from cottonseed 
when the seed were milled by  the Exsolex process. 


