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F r o .  1. P h a s e  d i a g r a m  f o r  a n  oleie  a c i d ,  eo t tm~seed  oil,  9 8 %  
methanol sysgem. 

renlains low, changing from 0.75 at 86F to 1.0 at 
260F. 

When the above information was available, it be- 
came apparent  that  the proposed process was not 
commercially attractive. Although the selectivity was 
excellent, the distribution ratio never exceeded 1.0. 
Systems where this ratio is 1.0 or less usually require 
excessive amounts of solvent. This is definitely true 
for the methanol system studied. 
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Time, and Aeration 

Abstract 

In order to determine the biological signifi- 
cance of the changes which occur when fats are 
heated to high temperatures  in air, cottonseed 
oils were heated and aerated under  several con- 
trolled conditions. In general, the data indicate 
that the changes induced are proportional  to 
the severity of the conditions and that  treat- 
ments more severe than those usually eneoun- 
tered in processing or cooking are necessary to 
produce detectable damage. 

Oils which had been subjected to prolonged 
aeration at 60C (16 days or more) or exposed to 
air in thin layers maintained at 180-220C sup- 
plied less available energy and caused develop- 
ment of larger livers than untreated samples 
when compared in ra t  feeding tests. Heating 
in deep layers caused less damage than heating 

to the same temperatures in thin fihns, indicatin~ 
that exposure to oxygen accelerates nutr i t ional  
impairment. 

The cooking of food in fats changes condition 
so greatly that  direct extrapolation of data ob- 
tained in tests using fat  alone is not  justified. 
Fa t  extracted from foods has not been found to 
contain harmful  substances by the tests used. 

Introduct ion 

N US[EROUS IN'VESTIGATORS have indicated that execs- 
sive laboratory heating and /or  oxidation impairs 

the nutr i t ive value of fats and may result in the 
formation of substances which give adverse physi- 
ological reactions when fed (1-14).  While this type 
of research is of utmost importance in demonstrating 
the tendencies of fats to undergo changes under vari- 
ous conditions, most of it has not been designed to 
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determine changes which may occur dur ing conven- 
tional processing or cooking. 

General ly speaking, laboratory  t rea tments  of fa t  
have been more severe than conventional food process- 
ing with respect to temperature ,  heating time, degree 
of aeration, or combinations of these factors. More- 
over, laboratory  t rea tments  represent relat ively con- 
stant, " p u r e "  systems; whereas, dur ing cooking the 
volume and t empera tu re  of the fat  varies, and this 
system contains food particles, water, steam, and 
added make-up fat. Studies of samples obtained 
f rom food processors or experimental  kitchens have 
demonstrated that  marked changes in nutr i t ional  
value do not occur in food fats (2,15). 

The experiments  reported in this paper  are par t  
of a general  p rogram to determine the nutr i t ive  value 
of fa ts  obtained f rmn commercial  and home cooking 
operations. They were designed to s tudy the iltfiu- 
enee of temperature ,  heating time, and aeration on 
the biological effects of fats  when fed to rats. 

Materials and Methods 

Biological Testing Procedure. The biological meth- 
ods used throughout  these experiments  have been pre- 
viously reported (2,19). h~ practice, male wealfiing 
rats  i weighing 40-50 g were fed 5.0 g of basal ra- 
tion daily for  a 9 day ad jus tment  period. At the 
end of this period the ra ts  were weighed, those fall ing 
within a 10 g weight range, usual ly  60-70 g, were 
divided into the test groups. Then, for a 7 day test 
period, each ra t  received 5.0 g of basal rat ion sup- 
plemented with a fixed quant i ty  of test mater ial  each 
day. Under  the conditions of the experiment the only 
known limiting factor  is energy, and growth is pro- 
portional to the energy supplied by supplements.  The 
total available energy of a test material  may  be de- 
termined by  comparing the gains of rats  fed the test 
material  with the gains made by control groups fed 
va ry ing  amounts of pr ime steam lard as a source of 
energy. Based on data  f rom 333 rats, assmning lard 
to contain 9.0 cal of available energy, the equation 
relat ing weight gain to available calories ( C = k c a l  in 
the equation) has been characterized by the method 
of least squares, as follows: 

g gained = 6.25 + 2.49C - 0.0426C 2 

The energy content of a test substance may be cal- 
culated f rom the equation using the weight gains of 
rats  fed the test materials  and solving for C, or frmn 
a reference eurve represent ing this equation. 

At  the end of the 7 day  test period, the animals 
were weighed, chloroformed, and autopsied within 
two minutes af ter  death. Experience had indicated 
that  l iver weights may  va ry  depending upon the 
length of period between the last meal and autopsy. 
For  example, when rats which had been fed at the 
same time one day  were autopsied the following 
morning and afternoon, the l iver as per cent of body 
weight averaged 5.16% for  the morning series (38 
animals) and 4.48% for  the af ternoon series (38 
animals) .  Therefore,  in the tests repor ted hereafter ,  
a s taggered feeding technique was used to assure that  
every ra t  was autopsied 24 ~+ 1 hours af ter  the last 
meal. 

Calculations of Liver Size. Based on data accumu- 
lated over a number  of years involving 381 rats fed 
fresh fats  and other nutr i t ious materials  of unques- 
tioned wholesomeness, a normal  l iver-body weight 
relationship has been established for weanling rats  

1 Ilqlt~zmalt Compap.y. 

VoL. 39 

fed under  these conditions. This relationship is essen- 
t ially a s t ra ight  line function for  body sizes of 60- 
110 g. The equation of the line as determined by 
the method of least squares is: 

g of liver = 0.95 + 0.0538 • (g of body weight ) 
This normal curve represents data  f rom 16 experi- 
ments in which weanling rats  were fed according to 
the technique described by Rice et al. (19). Da ta  
f rom the following four  experiments  were included 
as par t  of the normal curve, inspection of the equa- 
tion makes it apparen t  that  the liver as per cent of 
body weight is not constant but that  it increases with 
increasing body size under  these die tary  conditions. 

Since it has been established that  rats  fed fresh fat  
will grow more rapidly  than those fed equal amounts 
of abused fats, a method was needed for  comparing 
liver weights of animals  differing in body size. In  
order to make such comparisons, it has been assumed 
that  the above curve will indicate the " n o r m a l "  or 
expected liver weight for a rat  of any  weight within 
the accepted range and fed under  the conditions of 
the test. The per cent liver enlargement  may  then be 
calculated as follows: 

% Enla rgement  = 
exptl  liver wt - normal  liver wt f rom curve 

• 100 
normal  liver wt 

This method of compar ing liver size is essentially the 
same as that  of Kauni tz  (4) except that  the normal 
curve is a s t raight  line over the range of body sizes 
used. The actual  amount  of liver enlargement pro- 
duced by fa t  depends on the level fed. Thus, by cal- 
culating the per  cent liver enlargement per g of fat, 
the resu]ts of two or more experiments can be conl- 
pared with some degree of validity, even though the 
levels fed are not exactly the same. 

Experimental 
Experiment No. 1. Winterized cottonseed salad oil 

was heated in a 28 lb commercial deep fa t  f rye r  for 
120 hours at 182C. The surface of the oil was ful ly  
exposed to the air, but the oil was not stirred. This 
t rea tment  differs grea t ly  f rom the condition used in 
res taurants  where make-up fat  is added and where 
the fa t  is s t i rred by the addit ion of food. Small  sam- 
ples of heated oils were collected daily. The results 
of the feeding of these samples appear  in Table I. 

The weight gains, which reflect available energy of 
the fats  fed, decreased constantly with increased 
durat ion of heat t reatment .  Co-variance analyses of 
liver and body weights likewise revealed highly sig- 
nificant increases in adjusted liver sizes with in- 
creased time of heating. Oil f rom the same lot was 
used in a comparable setup for the product ion of 
5 lb quantit ies of potato chips twice daily as de- 

T A B L E  I 
In f luence  of Pro longed  H e a t  Trea tmml t  ut)on the Avai lable  Eue rgy  

of Cottonseed Oil and upon I t s  Abi l i ty  to Cause Heav i e r  L ivers  

No f ry ing  

Avg. Avai lable  L ive r  % Liver  
t t e a t i n g  we igh t  % enlargement 

time ga in  a energy body weight  per g of fat 

h r  (; k e ( d / g  

0 32.8 9,36 4.33 O.0 
24 31.1 B 52 5.60 19,3 
48 30.5 8,22 6.19 29.0 
72 29.1 7,62 6.45 33.5 
96 25.6 6,12 6.66 37.3 

120 26.3 6,42 6.97 42.0 

I n t e r m i t t e n t  f ry ing  

126 I 3~  ! I 598 I 
All an imals  were fed 5.0 g of basal -}- 1.5 g of f a t  per  r a t  per  day. 
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TABLE II 
I n f l u e n c e  of S a m p l e  S ize  on C h a n g e s  in  V a r i o u s  Oi ls  H e a t e d  6 H o u r s  at  200C .  
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C o r n  Oil  No. 1 
U n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 K g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
400  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
200  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o r n  Oil  No. 2 
U n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 K g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
400  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
200 g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Co t tonseed  Oi l  
U n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 I~g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
400  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
200  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L a r d  
U n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 I~g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
400  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 0  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H y d r o g e n a t e d  V e g e t a b l e  Oil  
U n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 Kg" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
400  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
200  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T a l l o w  
U n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 K g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
400  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
200  g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

S a y b o l t  I o d i n e  No, of Avg .  A v a i l a b l e  L i v e r  % L i v e r  
v i s cos i t y  w e i g h t  e n e r g y  % e n l a r g e m e n t  

2 1 0 F  No. r a t s  g a i n  b o d y  wt  p e r  g of f a t  

8ee 

57 
59 
71 

128  

64  
62 
77 

166  

65 
67 
64 

124  

86 
118  

64  
67 
75 

111  

1 2 1 , 0  
121 .1  
113 .8  

97 .2  

122 .7  
1 2 3 . 7  
1 1 2 . 0  
1 0 0 . 0  

1 1 1 . 4  
108 .9  

98 .2  
82 .4  

60 .8  
60 .6  
53 .2  
42 .5  

72 .2  
70 .7  
66 .9  
57 .2  

41 ,1  
43 .4  
36 .7  
29 .2  

g 

30 .5  
32 .5  
29 .8  
23 .5  

32 .1  
33 ,0  
31 .0  
28 .8  

30 .5  
33 .3  
29 .0  
17 .3  

32 .9  
30 .3  
30 .0  
22 .8  

32 .0  
30 .3  
30 .0  
27 .0  

31 .3  
29 .0  
29 .8  
24 .5  

k c a l / g  
o f  f a t  

8.22 
9 .18  
7 .92  
5 .34  

9 .00  
9 .48  
8 .46  
7 .50  

8 ,22  
9 .60  
7 .56  
3 .24  

9 .42  
8 .10  
7 .98  
5 .10  

8 .94  
8 .40  
7 .98  
6 .72  

8 .58  
7 .56  
7 .92  
5 .58  

4 . 5 7  
4 .84  
5 .46  
6 .26  

4 .35  
4 ,69  
5 ,27  
6 .75  

4 .43  
4 .33  
5 .61  
7 .29  

4 .69  
4 .33  
5 .60  
6.33 

4 .55  
4 .59  
4 .98  
6 .67  

4 .48  
4 . 2 7  
4 .91  
6 .05  

2 .7  
6,5 

15 ,5  
31 .3  

- - 1 . 2  
4.0  

13 .1  
37 .7  

1 ,1  
- - 0 . 8  
18 .2  
50 .1  

3 .8  
0 .0  

19 .0  
32 .7  

1.9 
3.3 
9.9 

36 .9  

1.1 
1.2 
8 .0  

2 7 .5  

scribed by Rice et al. (20). The oil used intermit-  
tent ly  produced significantly smaller changes than 
the oil with no food added (see last line, Table I ) .  

While this exper iment  demonstrates  that  oil heated 
in a res taurant - type  f rye r  at pract ical  heat ing tenl- 
pera tures  can be abused if it is heated long enough, 
it should be emphasized tha t  fa ts  obtained f rom actual  
res taurants  do not show this damage even though the 
tempera ture  and times are similar (2). Apparent ly ,  
the rate of fa t  turnover ,  the effect of s team distilla- 
tion due to the addit ion of water, and other factors  
al ter  the reaction. Hence, data  obtained with the one 
system cannot be depended upon to reflect changes 
in the other. Moreover, it should be pointed out that  
even under  the eondition~ of this labora tory  experi- 
ment, the change occurred slowly. " D a y s "  were re- 
quired to produce appreciable damage ra ther  than  
' ' hours '  ' or " m i n u t e s . "  

Experime~t No. 2. In  this experiment,  3 kg, 600 g, 
and 200 g portions of different types of fats  were 
heated for six hr  at 200C. The 3 kg and 400 g sam- 
ples were heated in a 4 liter stainless steel beaker 
placed direct ly on a hot plate. A motor-dr iven st irrer ,  
regulated to produce a gentle agitation, was used to 
insure uni form tempera tu re  conditions throughout  
the oil without appreciable inclusion of air  bubbles. 
The 200 g samples were heated in a 10 in. a luminum 
electric skillet of a type used in home cooking. Tem- 
pera tures  were measured by thermoeouples. In  this 
skillet, s t i r r ing was not feasible but  the sample had 
a large exposed surface. 

There were no significant differences between rats  
fed unheated fats  and those fed fats  heated in 3 kg 
quantit ies (Table I I ) .  There were highly significant 
differences in weight gains and adjusted liver sizes 
between anitaals fed fa ts  f rom the 400 g and the 200 
g t rea tments  and both of these groups were signifi- 
cantly different f rom both the controIs and f rom ani- 
mals fed oils heated in 3 kg quantities. There were 
no significant differences between the various types 
of fats. 

The batch sizes and the tempera tures  used in these 
experiments  are in a range which might  be found in 
home cooking. However,  it should again be empha- 
sized tha t  no foods were cooked in the fats. No evi- 
dence of damage was noted (15,20) when fat  was 

extracted f rom meats which are fried, roasted, or 
broiled under  practical  home conditions, or f rom com- 
mercial potato chips and fed to rats. The data does 
show a s tr iking increase in the rate of deterioration 
with increased exposure to air. 

Ezperiment No. 3. In  this experiment,  a balanced 
3 x :3 x 3 design was used to s tudy the effect of sample 
size (which indirectly controls the air  exposure per  g 
of fa t ) ,  temperature ,  and heating time on the biologi- 
cal value of a winterized cottonseed oil. Samples 
weighing 50, 100, and 200 g were heated to tempera-  
tures of 180, 200, 220C for  30, 120, or 360 rain. All 
samples were heated in a flat bottom a luminum cake 
pan 11/.2 in. deep by 81/2 in. diameter.  The cake pan  
was positioned in an oil bath which was heated to 
192, 212, or 232 C on a hot plate. A s t i r rer  was used 
ill the bath to insure uni form conditions but the test 
samples were not stirred. At the s tar t  of each run, 
the cake pan was preheated in the bath before the 
sample was added. Zero time was recorded as the 
time at which a sample at tained the designated tem- 
perature.  Oils in the cake pan at ta ined tempera tures  
of approximate ly  180, 200, or 220C (about  12 degrees 
lower than that  of the bath) in about 3 min. The pan 
and samples were cooled rap id ly  af ter  the experi- 
nlental period had elapsed. 

Even gross inspection of the samples indicated 
differences in color and viscosity. Since it is well 
established that  viscosity increases and iodine values 
decrease with increased heat ing time, no a t t empt  was 
made to determine these changes. However,  the 50 g 
samples which had been heated for 2 hr. or more 
became so viscous that  they would have been com- 
pletely unsuitable as f ry ing  agents. All samples 
which had been heated for  the longer periods of 
t ime and at the higher tempera tures  became viscous 
and some of then1 were converted into gum-like ma- 
terials. The 50 g and 200 g samples heated for six 
hr  at 200C were converted to their  methyl  esters and 
the volatile port ion analyzed by  gas chromatography.  
Results of this analysis (Table I I I )  indicate tha t  
]inoleic acid is the component showing the greatest  
change dur ing this heating period. 

Very  few, if any, biological differences were appar-  
ent in samples that  had been heated for  30 min or 
less (Table IV) .  hi  general, however, the data indi- 
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T A B L E  I I I  
C h a n g e s  in F a t t y  Acid Composi t ion  of Cottonseed Oil 1200 

:Heated 6 h r  a t  2 0 0 0  

Na t ty  es ter  
detected 

Composi t ion of volat i le  Corrected to  same  
or t ion t p a n m t a t e  Das s 

P _  u n u s e d  oil_ b 

Typica l  50 g 200 g 50 I 200 
unhea t ed  I hea ted  I hea ted  I heated  I heate~ t ~ / ~ / ~ / i "  

1 1  1 2  1 2  / 0 6 8  0 8 7  
2o:7 / 3o:5 ~8:4 I 20:7 20:7 
2.4 ~ 3.~ I 1.3 } 1.8 / 1.0 

18.7 } 29.4  / 23.6  I 16.7 / 17.2 
56.4 ] 29.9 / 45.4  I 17.0 ~ 33.1 

Myr i s t a t e  ........................ 
P a l m i t a t e  ....................... 
S tea ru te  ......................... 
Oleate ............................. 
L inolea te  ........................ 

C H E M I S T S ~  S O C I E T Y  

a Also 0 , 7 %  palmi to lea te  detected. Th i s  cot tonseed oil sample  was  
d i f fe ren t  f r o m  the starting" m a t e r i a l  u sed  to p r e p a r e  heated  samples ,  
bu t  was  f r o m  a s imi la r  lot.. 

b Since  only the  volati le f r ac t ion  can  he analyzed by g a s  chromato-  
g r a p h i c  methods ,  po lymers  p roduced  by h e a t i n g  were  not r ep resen ted  
in the analyses ,  and  r a b i e s  for the  vola~,i]e f a t ty  es te r s  a re  t~i~h. To 
correc t  for  Eqis, i t  was  a s s u m e d  tha~ p a h n i t a t e  was  unaf fec ted  by tl~e 
h e a t i n g  process ,  and  o ther  va lues  w e r e  corrected by the ~ame fac tor  
needed  to r educe  the pa tmi t a t e  va lue  of the  hea ted  oil to the in i t ia l  
n-alue. 

cute that  all three variables affect deterioration of 
the oil. Increasing the temperature ,  length of treat-  
ment, or exposure to air (by decreasing sample size), 
decreased the available energy contents of the t rea ted  
oils and increased their  liver enlarging capacities. 

I t  should be noted in the 50 g series that  the liver 
enlarging capaci ty  leveled off at the two higher teln- 
pera tures  as the heat ing time progressed f rom 2-6 hr. 
However,  the available energy content continued to 
decrease dur ing this same time interval.  Since the 
drop  in available energy and the increase ill l iver 
enlarging capaci ty  do not occur together, the two 
effects are appa ren t ly  not caused by the same mate- 
rial. A similar  effect has been repor ted by Rice et al. 
(20). Crampton  et at. (13) postulated the presence 
of a relat ively harmless indigestible polymeric mate- 
r im in heated fa t  along with a digestible but rela- 
t ively more ha rmfu l  substance. 

Experiment No. 4. 3'0 determine the influence of 
oxidation upon nutr i t ive  value, a 3 kg quant i ty  of 
winterized cottonseed oil was mainta ined at 60C in a 
4 liter stainless steel beaker which had  been positioned 
in an oil bath heated by  a hot plate. Motor driven 
st i rrers  were used in both bath  and beaker. Ini t ial ly,  
air was pumped  at a rate  of 450 m l / m i n  through a 
gas bubbler  placed near  the bottom of the beaker and 
close to the blades of the stirrer.  F ine  bubbles were 
dispersed in the oil by  the s t i r rer  blades. A t  the end 
of 10 days, the flow rate of air was doubled with no 
appreciable change in the rate of peroxide formation.  
Peroxide n, alues were measured at least once every 
day. 

On the 161h day  a change in odor was detected, so 
a 200 g sample was removed for  feeding. On the 
17th day  there was a large increase in peroxide value. 
A 200 g sample was removed tha t  day and each day 
unti l  a max imum peroxide value was reached on the 
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19th day. Aerat ion of the oil was continued unti l  
the 29th day, at which time the viscosity was so great 
that s t i r r ing was difficult. All samples were stored 
in the freezer until  fed. The peroxide curve (Figure  
1) shows the characteristic induction period followed 
by a period of rapid oxidation, then gradual  decline. 
Feeding tests indicated that  there had not been ap- 
preciable change in the available energy or the liver 
enlarging capaci ty of the fat  at the end of the indue- 
tion period, although peroxide values had increased 
to 300 me/kg.  

I t  is significant that  the greatest  increase iu liver 
enlargement  and the greatest  drop in available energy 
occurred in the period dur ing which the peroxide 
values were increasing rapidly.  I t  should also be 
noted that  l iver enlargement values increased and 
available energy values decreased even af ter  per- 
oxide values had reached a maxinmm and began to 
decline. 

D i s c u s s i o n  

In  line with the purpose of this research, tempera-  
ta res  were seleeted to be similar to those used by food 
processors. Several investigations have demonstrated 
harmful  effects when fats were t reated at tempera-  
tures above the smoke point. Such conditions were 
considered beyond the scope of this paper.  However,  
even if the t empera tu re  and heat ing time used to 
prepare  a laboratory  sample are the same as those 
used to prepare  foods, the effects upon the fats  should 
not be expected to be similar. Many other important  
factors such as degree of aerat ion and amount  of 
make-up fat  added have to be considered. 

Exper iment  No. 1 shows that  a fa t  heated at 182C 
ill a eonnnereial type deep fa t  f rye r  required "days" 
for development of appreciable damage. Tile pro- 

T A B L E  I V  
Re la t ionsh ip  of Sample  Size, T e m p e r a t u r e ,  and  L e n g t h  of K e a t i n g  P e r i o d  to the N u t r i t i v e  Va lue  of Cot tonseed 0 i i  

@ L i v e r  e n l a r g e m e n t  p e r  g of fa t  s 

H e a t i n g  180(;  200C 220C 
t ime  

5Og 1O0g 200g  50g  10Og 200g  50g 100g  200g  

~ / n  
0 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 

30 4.9 2.6 --7~8 2.2 - -3 .8  - -1 ,0  2,7 2.8 1.7 
120 21.3 18,3 2.3 35.4 12.8 1.3 42.3 20.2 9.0 
360 51.5 38.2 20.6 35.8 37.6 27.1 38.1 47.8 29.2 

E n e r g y  ut i l izat ion,  k c a l / g  of fa t  a 

O 8.93 I 8,93 8,93 8.93 / 8.93 8.93 8.93 8.93 8.93 
30 9.34 I 9,52 9 .67 8.48 / 9.37 8,85 8.92 10.05 9.52 

120 8.85 8,10 8.47 8.10 8.47 8.62 7.13 8.25 9.52 
360 4,50 7,28 8.35 5,48 6.90 8.85 4.35 6.38 7.35 

a Each  va lue  in  the  table r ep re sen t s  the  a v e r a g e  for  f o u r  rats. 
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sumed reason for this slow rate of deterioration is 
that  the depth of the fat  allows only a relatively 
small area to be exposed to the air per unit of fat. 
I f  the air exposure had been reduced or eliminated 
altogether, one would expect the time required t() 
produce nutri t ional  damage to be even longer. 

In Experiments  No. 2 and 3 the air exposure per 
unit  of fat  was increased by regulating the depth of 
the fat. Striking" increases were noted in a mat ter  
of " h o u r s "  ra ther  than " d a y s . "  Because of the rela- 
tively small amounts of fa t  heated iu these experi- 
ments it  is only natural  that a comparison be made 
with smMl cooking operations encountered in the 
home and smalI restaurants. However, some impor- 
tant  differences should be noted. Fi rs t  of all, f ry ing  
of food is completed in a mat ter  of nfinutes; whereas, 
in the above experiments only moderate changes were 
noted af ter  two hours. Secondly, the evaporation of 
water present in most foods lowers the temperature  
of the surrounding fat. The temperature  of meat in 
a hot oven, even near the surface, never reaches the 
boiling point of water (15). Finally,  the per cent fat 
exposed to the air is relatively small since most of the 
fat  is beneath the surface of the food. 

The two characteristics measured in this research, 
liver size and growth, are not necessarily affected by 
the same substance. The possibility that more than 
one substance is involved was par t icular ly  empha- 
sized in Exper iments  No. 3 and 4, and is in line with 
the observations of Crampton (13) and Rice (20). 
The decrease in growth seems to be due to lower 
digestibility (1) and /or  metabolic disturbances while 
the increase in liver size is presumably caused by a 
digestible substance. 

Peroxide value per se does not necessarily correlate 
with either increased liver size or decreased caloric 
value. In the first three experiments the tempera- 
tures were too high for a buildup of peroxides in the 
fats;  yet, af ter  a sufficient period of time, changes 
in the two physiological measurements were noted. 
Dur ing  the induction period, in Exper iment  No. 4 
(aeration at 60C) no changes in liver size or calorie 
value were noted, although the peroxide value reached 
300 Ine/kg. Also, af ter  29 days of aeration, when the 
peroxide value of the fat  had dropped to ~/.~ of max, 
liver sizes remained maximal. Kauni tz  also observed 
increased toxicity in samples aerated past the point 
of maximum peroxide (21). Andrews (23) fed frac- 
tions of aerated soybean oil obtained by extraction 
with solvents of increasing polari ty and noted a 
correlation of peroxide value with growth. However, 
Rice (20) fed fractions presumably low in peroxides 
(i.e., derived from cottonseed oil which had been 
heated to 360F for 120 hr) and noted lowered growth 
and increased liver size in the more polar fractions. 

In Exper iment  No. 4, the only period during which 
the liver enlarging capacity and the peroxide value 
increased simultaneously was the period of rapid auto- 
oxidation. However, even during this oxidative phase 
it is not clear whether the changes are due to per- 
oxides, breakdown products, polymers, or some other 
material which was formed simultaneously. While 
peroxide value does not necessarily correlate with 
either increased liver size or decreased calorie utili- 
zation, the data do not rule out the possibility that 
peroxides are precursors of the effective substance(s).  
Also, the evidence tends to emphasize the importance 
of the overall oxidative process in producing changes 
of biological importance. 

There is no doubt that  fats can be abused to the 

T A B L E  V 

Aera t ion  of Cottonseed Sa lad  Oil at  60C 

Level  Aera t ion  
fed t ime  

dags 

0 , 6 g  10 

17 
18 
19 
29 a 

1 . 2 g  0 
16 
17 

I 18 
19 b 
29 e 

L 
} Avai lable  �9 , I A v e r a g e  l)eroxl(ie �9 ;~ e n e r g y  

�9 ~ we lgn t  p e r  
_ _  I v a m e  g a i n  g / f a t  

m e 'kg g kcal  

2 ...... 
305 17.7 8.25 
828 17.3 7.95 

1030 15.7 6.75 
1135 14.0 ! 5.40 

400 5.0 ...... 

2 27.0 8.40 
305 26.7 8.25 
828 25.0 %35 

1030 19.3 4.88 
1135 1.7  ...... 

400 --I ...... 

L ive r s  

I En la rge -  
% Body meri t  
w e i g h t  / p e r  

_ _ ,  g / f a t  

% 

i:b%' , -f~:~ 
4.56 ] 10.3 
4.97 | 27.2 
5.31 41.5 
5.81 64.2 

3.96 --  4.9 
4.42 0.8 
5.34 18.8 
6.23 37.3 
6.97 59.3 
6.71 68.8 

One r a t  d ied ;  a v e r a g e  of two ra t s  (one r a t  ate 9 6 %  of food;  o ther  
ate 8 7 % ) .  

b N o  dea ths ;  ate a v e r a g e  of 7 6 %  food. 
c Two ra t s  d ied;  r e m a i n i n g  r a t  ate 73~Y~ of food. 

point of bein~ toxic. However, Meluick, Rice and 
others (2,15,16,18,20) have shown that fats obtained 
under  practical conditions from large food manu- 
facturers,  restaurants,  bakeries, and home cooking 
operations show vir tual ly none of the damage so 
characteristic of severe laboratory treatments. Also, 
it should be pointed out that histopathological exami- 
nation of animals fed excessively aerated or heated 
fats have been negative (2,6,11,22). While it has 
been adequately demonstrated that  heated fats will 
produce elevated organ weights, it is not clear whether 
or not this condition is harmful .  

The appearance of materials in abused fats which 
do not have full  energy value and which produce 
changes in orgau size obviously suggests that  the ex- 
treme handling conditions conducive to such changes 
should be avoided in the preparat ion of food unti l  
such tinle as the significance of these changes can be 
more ful ly  evaluated. Since at present there is no 
indication that  appreciable quantities of deleterious 
materials appear  in commercial or home processed 
foods, the data on hand relating to the damage caused 
by abused fats is more a precaution against the use 
of unnecessarily severe cooking conditions than an 
indication of damage occurring under  conventional 
procedures. 
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Fatty Acids, Fatty Alcohols, and Wax Esters from Limnanthes 
c/ou ,lau) (Meadowfoam)Seed Oil 
T. K. MIWA, and I. A. WOLFF, Northern Regional Research Laboratory, ~ Peoria, Illinois 

Abstract  
Limanathes douglasii seed oil glyeerides contain 

f a t ty  acids which predominant ly  (975v,) have 20 
or more carbon atoms. F a t t y  acids were pre- 
pared  by saponification; f a t t y  alcohols, by so- 
dium reduction of the glycerides; and liquid wax 
esters, by  p-toluenesulfonic add-cata lyzed reac- 
tion of the f a t ty  acids with the f a t ty  alcohols. 
Solid waxes were prepared  by  hydrogenat ion of 
the glyceride oil and of the wax esters. Chemi- 
cal and physical constants were determined for 
Limna,~thes dougtasii seed oil and its derivatives. 
The liquid wax esters had propert ies  very similar 
to those of jojoba (Simmondsia chi~tc~sis) seed 
oil. The solid hydrogenated wax ester was identi- 
cal in physical appearance and melt ing point to 
hydrogenated jojoba seed oil. 

In t roduct ion 

L im~tanthes douglasii (meadowfoam) (3) is a ha rdy  
a lmual  herb native to Califomfia and adjoining 

Pacific Coast States. I t  is grown as a garden orna- 
mental  and has f r ag ran t  flowers, about 1 in. across, 
with white or roseate petals, which are yellowish 
toward the base. I ts  seeds are 2-2.5 mm in diameter  
and 3-5 mm long. The first chemical s tudy (5) of the 
seeds showed tha t  the extracted oil contained a large 
amount  of long-chain f a t ty  acids, 94% of which are 
longer than  C~8. The isolation and chemical charac- 
terization of the major  C2o and C2,_, acids also have 
been repor ted earlier (2,13), as well as the amino 
acid composition of the seed meal (14). These in- 
vestigations were made as par t  of a research pro- 
gram to discover new crops that  have agr icul tural  
and industr ial  potentials  (16). 

The present  s tudy  reports  selected chemical and 
physical propert ies  of oil, f a t ty  acids, f a t ty  alcohols, 
and wax esters derived f rom seeds of Liml~anthes 
douglasii. Because of their  s imilari ty a comparison 
of chemical composition and physical propert ies  be- 
tween the wax esters and jojoba oil (4,9) is also pre- 
sented. Jo joba  oil is a liquid ester wax of long-chain 
f a t ty  acids and f a t t y  alcohols ra ther  than a glyeeride 
fa t  and is potential ly a useful raw mater ial  for the 
chemical and allied industries in such fields as plastics, 
lubricants,  pharmaceuticals,  and cosmetics (6,8). 

Materials 
Limnanthes douglasii seed was obtained f rom H a r r y  

Saier of Diamondale,  Michigan. Botanical ident i ty  
was verified by botanists of the Crops Research Divi- 
sion, USDA, Washington, D.C. The jojoba oil was 
extracted f rom Simmondsia chi~teusis nuts acquired 
f rom Boyee Thompson Insti tute,  Superior,  Arizona. 

The bp range of the petroleum ether solvent was 
33-57C. Purified ethanol was p repared  by reflnxing 

c A  laboratory of the Northern Utilization Research and Develop- 
merit Division, Agricultural Research Serviee, USDA. 

bulk. 9554 ethanol with ACS-grade potassimn hydrox-  
ide, 5 g per liter, for 4 hr, and distilled through a 
colunul of glass helices; bp 78C at 760 ram. E thy l  
ether, toluene, and xylene were ACS grade. Methyl 
isobutyl carbinol ( l -methyl-3-pentanol)  was distilled 
through a column of glass helices; bp 130-132C at 
760 nun. 

Preparation of Samples 

Oil. Oil was obtained by 60 hr Soxhlet extraction 
with petroleum ether of 0.5 and 1.0 kg. seed samples, 
which had been ground in a 6 ill. hannner mill. The 
solvent was removed by bubbling through tile solution 
a s t ream of nitrogen under  reduced pressure (ca. 20 
nun) and elevated tempera ture  (heating mantle  at 
ca. 80C) unti l  no change in weight was observed. 

Fatty Acids. The tr iglycerides were saponified by 
calculating the average molecular weight of the f a t ty  
acids f rom the saponification value of the oil (5) and 
adding 2 meq of potassium hydroxide and 1 meq of 
water  for every meq of fa t ty  acid. F i f t y  g of oil 
was saponified in 300 ml of purified ethanol. Af ter  
refluxing for 2 hr, 1 1. of water  was added, and the 
unsal/Olfifiables were extracted with ethyl ether. The 
ether extract  was washed with 1X K,_,COa and distilled 
water, theu dried and weighed. The acids were re- 
covered f rom the combined washings and soap solu- 
tion by I tCI  acidification and ethyl ether extraction. 
The extract  was demineralized by washing with water,  
and the f a t ty  acids were obtained by removal of ether 
at reduced pressure and elevated tempera ture  under  
an atmosphere of nitrogen. 

Fatty Acid Methyl Esters. Six g of mixed methyl  
esters were prepared  by react ing the f a t ty  acids with 
diazomethane (1) for  use in gas-liquid chromatog- 
r aphy  and for physical p roper ty  measurelnents. 

Fatty Alcohols. Sodium reduction of the triglye- 
erides to f a t ty  alcohols was carried ou t  by following 
the procedure of Hans ley  (7). A slight modification 
was introduced for the hydrolysis  of the sodium alk- 
oxide and recovery of the f a t ty  alcohol. The alkoxides 
(0.63 mole) were hydrolyzed in the original reaetion 
flask by refluxing first with 100 ml of water  and then 
with 1% excess of tIC1. The acidulated system was 
cooled and washed with ethyl ether to extract  all the 
organic compounds. The extract  was washed with 
water  and concentrated at ca. 20-ram pressure and ca. 
150C pot temperature .  The f a t t y  acids present  in 
the concentrate were removed by  (a) extraction f rom 
ethyl ether with dilute sodium hydroxide (0.5N) and 
(b) adsorption on an activated alumina column with 
ethyl ether as eluting solvent. The f a t ty  alcohols 
thus purified were washed with water  and concen- 
t ra ted to constant weight at ca 20 mm and 150C. 

Wax Esters. Xylene as solvent and p-toluenesul- 
fonie acid monohydrate  (rap 104-106C) as catalyst  
were used for the esterifieation reaction. The weight 
and mole ratios of f a t ty  acids, f a t ty  alcohols, solvent, 


