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ABSTRACT 

Veal calves reared by the Animal Physiology and 
Genetics Institute, USDA, on milk supplemented 
with tocopherol then on a diet containing encapsu- 
lated safflower oil demonstrated increases in the 
concentrations of linoleic acid (18:2) and tocopherols 
in their depot fats. The expected decrease in the 
induction period of  oxidation for these fats with 18:2 
levels of 7-12.9% was not observed in the fats with 
increased tocopherol content.  The fat of the treated 
calves was more stable to oxidation than the fat of 
commercial veal or pork. 

I NTR OD UCTI ON 

Increased evidence that linoleic acid (18:2) is an 
important factor in human nutrition and tends to favor low 
concentration of serum cholesterol has given substantial 
impetus to efforts to increase the level of polyunsaturated 
acids in the fat of  ruminants (1-6). Ca. 14% fat consumed in 
the average American diet is derived from the meats of 
these animals in which the polyunsaturated fatty acids 
(PUFA) seldom exceed 4% of the fat fraction. Ruminant 
animals, such as sheep, cattle, etc., consume PUFA in grass, 
forage crops, and grains; but microorganisms in their rumen 
hydrogenate these fatty acids before they enter the body 
tissue. 

Cook, et al., (2) Scott, et al., (3) and Plowman, et al., (5) 
reported a new process whereby polyunsaturated oil drop- 
lets are protected from ruminal hydrogenation by encapsu- 
lation with formaldehyde-treated protein. When these 
protected oils are fed to ruminants, the formaldehyde 
complex is hydrolyzed in the abomasum; and the fatty 
acids are absorbed from the small intestine. This results in a 
substantial increase in the proportion of PUFA in the 
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triglycerides of  milk fat and tissue fat. 
Work was undertaken, in cooperation with the Animal 

Physiology and Genetics Institute, U.S. Department of 
Agriculture, Beltsville, Md., to determine the effect of 
feeding calves milk and encapsulated safflower oil with high 
concentrations of  18: 2 upon: (A) the proportion of 18: 2 in 
the triglycerides of veal fat, (B) the palatability of the fresh 
and frozen veal cuts, and (C) the stability of rendered veal 
fat. 

This report primarily concerns the oxidative stability of 
the rendered veal fat in relation to changes in the 
proportions of  18:2 and the tocopherols. Such a study 
should be of considerable interest to the meat industry and 
consumer since the induction period of oxidation in 
rendered fats may be an indicator of the freezer storage life 
of veal. 

EXPE RI MENTAL PROCEDUR ES 

Experimental Animals 

The experimental animals were fed and reared by the 
Animal Physiology and Genetics Institute, USDA, Belts- 
ville, Md. (4). A more complete history of these animals 
will be reported by the authors cited in reference (4) in the 
near future. Eight 4-day-old bull calves were selected. Four 
calves (G-l,  G-5, G-3, and 5750) were given milk obtained 
from cows fed safflower oil coated with formaldehyde- 
treated casein (5) which contained 14% 18:2 in the milk fat 
for 10 weeks; the other four (G-4, G-8, G-6, and 5751) 
were fed normal milk, which contained 3.0% 18:2 in the 
fat. Both milks were supplemented with vitamin E. At the 
end of 10 weeks, two calves of each group were transferred 
to an 8 week feeding regimen of formaldehyde-treated 
casein-coated safflower oil mixed with calf starter, and two 
from each group were fed casein-coated, but not formalde- 
hyde-treated, safflower oil mixed with calf starter. All eight 
calves were slaughtered after 8 weeks (18 weeks of age). 
The carcasses were allowed to hang for 24 hr at 3 C. 
Samples of round, kidney, and caul fatty tissue then were 
removed and stored at -18 C for 3 days. Ground fatty 
tissues, in a beaker, were placed in a 90-95 C water bath 
and stirred occasionally. The rendered fat, at a temperature 

TABLE I 

Fatty Acid Composition of Veal Round Fat a 

Experimental animals 

Fed milk high in 18:2 

Protected Unprotected 
safflower oil c safflower oil c 

Fatty 
acid o G-1 G-5 G-3 5750 

Fed normal milk 

Protected 
safflower oil c 

Unprotected 
safflower oil c 

G-4 G-8 G-6 5751 

Commercial 
animals 

1 2 

14:0 4.9 5.2 4.8 3.7 6.2 5.3 6.2 7.2 2.6 2.5 
16:0 24.7 24.4 23.5 21.3 30.2 25.6 30.4 32.5 23.5 23.2 
16:1 2.6 2.8 2.9 2.7 4.1 3.2 3.2 4.4 4.3 4.3 
18:0 18.1 16.0 16.0 18.7 16.4 21.0 18.6 14.2 14.3 14.9 
18:1 35.7 36.9 39.9 42.1 34.9 34.1 36.9 37.4 48.0 48.1 
18:2 12.2 12.9 10.8 9.6 7.0 9.4 3.2 2.9 5.6 5.4 
18:3 1.8 1.8 2.1 1.9 1.2 1.4 1.5 1.4 1.7 1.6 

awt% 
bCarbon chain length: number of double bonds. 
CSupplement to milk. 

4 
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TABLE II 

Fatty Acid Composition of Veal Kidney Fat a 

Fatt~¢ 
acid ~ 

Experimental animals 

Fed milk high in 18:2 

Protected Unprotected 
safflower oil safflower oil 

G-1 G-5 G-3 5750 

Fed normal milk 

Protected Unprotected Commercial 
safflower oil safflower oil animals 

G-4 G-8 G-6 5751 1 2 

14:0 4.0 4.5 3.5 1.7 
16:0 24.0 21.7 21.6 15.3 
16:1 1.6 1.3 1.9 1.2 
18:0 26.7 27.2 24.6 35.5 
18:1 30.5 31.5 37.6 37.2 
18:2 14.8 12.4 9.2 7.6 
18:3 1.4 1.4 1.6 1.5 

3.4 3.2 4.8 4.4 2.3 2.1 
20.6 19.8 24.1 25.0 22.0 21.1 

1.4 1.4 1.8 2.2 3.5 3.3 
32.1 30.6 28.5 27.5 18.5 18.9 
27.6 29.2 35.4 36.1 46.1 47.3 
13.8 14.7 3.6 3.5 5.9 5.7 

1.1 1.1 1.8 1.3 1.7 1.6 

awt%. 
bCarbon chain length: number of double bonds. 

of  less t h a n  75 C, was f i l te red  t h r o u g h  cheesec lo th .  
Commerc ia l  veal samples  were o b t a i n e d  f resh f r o m  the  

ki l l ing f loor  of  a local  s l augh te r  p lant .  The  samples  t h e n  
were t r e a t e d  in  t he  same m a n n e r  as the  ones  f r o m  the  
e x p e r i m e n t a l  animals .  

Beef and  po rk  t issue fats  ana lyzed  for  c o m p a r i s o n  also 
were f r o m  A n i m a l  Physio logy and  Genet ics  Ins t i t u t e ,  
USDA,  Beltsville,  Md. The  samples  also were t r e a t ed  in the  
same m a n n e r  as the  ones  f r o m  t he  e x p e r i m e n t a l  animals .  

Stability Test 
The s tab i l i ty  of  the  r e n d e r e d  fat  was d e t e r m i n e d  by  an  

oven m e t h o d  at  60  C us ing  15 m m  layers  of  r e n d e r e d  fat  
(7) .  

Peroxides Determination 

Peroxides  were d e t e r m i n e d  by  the  i o d o m e t r i c  m e t h o d  of  
Kenas ton ,  e t  el . ,  (8)  a n d  t he  values expressed  as mil l iequiv-  
a l en t s / 1000  g fa t .  

Tocopherols Determination 

Total  t ocophe ro l s  in  the  r e n d e r e d  fa t  were d e t e r m i n e d  
by  t he  c o l u m n  c h r o m a t o g r a p h i c  m e t h o d  of  Er i ckson  and  
Dunk ley  (9) .  

Fatty Acids 

Procedure  for  f a t ty  acids was essent ia l ly  t ha t  of  Schmi t  
and  Wynne  (10) .  All solvents  were redist i l led.  A m i x t u r e  of  
1 d rop  of  r e n d e r e d  fa t  (ca. 20 mg),  9 ml e t h a n o l ,  and  1 ml 
33% aqueous  KOH (p repa red  dai ly)  was p laced in a 50 ml 
tes t  tube ,  f lushed  w i th  N2, t igh t ly  s toppered ,  and  h e a t e d  in 
a water  b a t h  at  55 C for  20 min.  Af te r  cool ing  in an ice 

ba th ,  t h e  m i x t u r e  was acidi f ied w i t h  c o n c e n t r a t e d  HC1 and  
ex t r ac t ed  w i th  t h r ee  10 rrd p o r t i o n s  of  hexane .  The 
c o m b i n e d  h e x a n e  ex t r ac t s  were washed  w i t h  two  10 ml 
po r t i ons  of  H 2 0  , dr ied over  Na2SO4,  and  f i l tered i n to  a 50 
ml r o u n d - b o t t o m  flask and  the  solvent  r e m o v e d  wi th  a 
s t r eam of  N 2. To t he  f lask was added  10 ml 5% HC104 in 
MeOH. The flask was f lushed  w i th  N2,  loosely  s toppered ,  
and  h e a t e d  in  a wa te r  b a t h  at  55 C for  20 min.  The  m i x t u r e  
was coo led  in an  ice b a t h  and  e x t r a c t e d  w i th  th ree  10 ml  
por t ions  of 1:1 hexane -e the r .  The  c o m b i n e d  ex t rac t s  were 
washed  w i th  t h r ee  10 ml po r t i ons  of  H 2 0  , dr ied over  
Na2SO4,  a n d  f i l tered.  Solvent  was r e m o v e d  w i th  a s t r eam 
of  N2 and  0.2 ml of  500 mg % m e t h y l  h e p t a d e c a n o a t e  in  
CHC13 was added.  The  m e t h y l  esters  were ana lyzed  using 
an  F&M Model  810  gas c h r o m a t o g r a p h  e q u i p p e d  w i th  a 
dual  h y d r o g e n  f lame de tec to r .  The c o l u m n  was I / 4  in  x 6 f t  
s tainless s teel  t u b i n g  packed  w i t h  10% DEGS on  60-80  
mesh  acid-washed,  C h r o m o s o r b  W, t r e a t ed  w i th  d i m e t h y l -  
d ich loros i lane  (DMCS),  p r o g r a m e d  f r o m  1 0 0 - 2 1 0 C  at 
4° / ra in .  T e m p e r a t u r e  of  the  in j ec t ion  por t  was 235 C, of  
the  d e t e c t o r  240  C; and  the  f low rates  were:  He, 35 
m l / m i n ;  H2,  32  m l / m i n ;  and  air,  300  ml [min .  A s t a n d a r d  
m e t h y l  es ter  m i x t u r e  on  an  equa l  wt basis was prepared .  
The  peak-he igh t  r e sponse  ra t ios  of  the  s t anda rd  C17 were 
de t e rmined ,  a n d  these  ra t ios  were used  for  no rma l i z ing  the  
peak he igh t  for  the  sample  runs  c o n t a i n i n g  the  CI 7 in te rna l  
s tandard .  N u m e r o u s  m i n o r  peaks  wh ich  r ep re sen t ed  ca. 5% 
or  less o f  the  t o t a l  peak he ights  were no t  cons ide red  in the  
analysis.  

RESULTS AND DISCUSSION 
Fatty Acid Composition 

The f a t t y  acid c o m p o s i t i o n s  o f  r o u n d ,  k idney ,  and  cauI 

TABLE III 

Fatty Acid Composition of Veal Caul Fat a 

Fatty 
acidO 

Experimental animals 

Fed milk high in 18:2 Fed normal milk 

Protected Unprotected Protected Unprotected 
safflower oil safflower oil safflower oil safflower oil 

G-1 G-5 G-3 5750 G-4 G-8 G-6 5751 

14:0 4.5 4.8 4.4 6.1 3.3 4.9 5.9 7.2 
16:0 22.9 22.2 23.0 27.4 19.7 25.5 28.2 29.9 
16:1 1.6 1.5 1.9 1,9 1.6 1.9 2.2 2.1 
18:0 24.9 25.9 23.6 26.8 27.8 28.0 25.9 23.4 
18:1 30.1 32.2 35.4 28.4 36.4 28.8 32.8 32.9 
18:2 14.6 12.0 10.1 8.4 9.6 9.8 3.6 3.3 
18:3 1.4 1.4 1.6 1.0 1.6 1.1 1.4 1.2 

awt%. 
bCarbon chain length: number of double bonds. 
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T A B L E  IV 

Ef fec t  of  18:2 and  T o c o p h e r o l s  u p o n  Stabi l i ty  of  R e n d e r e d  F a t  

Kidney  fat  R o u n d  f a t  

A n i m a l  no .  #g  T o c o p h e r o l s / g  fa t  ~g T o c o p h e r o l s / g  fat  Pe rcen t  18:2 

I n d u c t i o n  a 
per iod  
(days)  

G-5 32.0 53.0 12.9 19 
G-1 30.0 60.0 12.2 27 
G-3 18.7 25 .4  10.8 17 
Pork  back  fa t  - -  7.5 9.9 8 
5750  20.3  25 .7  9.6 21 
G-8 28.9 36.3 9.4 25 
G-4 21.9 30.5 7.0 28 
1 9.4 8.0 5.6 14 
2 11.7 9.0 5.4 15 
G-6 I 5 . 4  25 .8  3.2 42 
5751 25.0  34.4 2.9 47 
Beef fat  10.1 8.6 . . . . . .  

a T i m e  in days to reach  a pe rox ide  value o f  15 m e q / 1 0 0 0  g at 60 C. 

fat from calves fed various diets are shown in Tables I, II, 
and III. Wrenn, et al., (4) had reported tailhead fat biopsies 
of these animals at 10 weeks. His data revealed that the 
18:2 content of the depot fat of the calves fed high 18:2 
milk was 11.9% of the fat fraction compared to 3.0% in the 
fat from calves fed normal milk. The results in Tables I, II, 
and III indicate that the proportion of 18:2 in the fat of 
animals 5751 and G-6 remained at the normal level for 
ruminants after they were fed normal milk and unprotected 
safflower oil for 8 weeks. On the other hand, the animals 
fed normal milk and protected safflower oil (G-4 and G-8) 
showed two- to threefold increases in the proportion of 
18:2 in the triglycerides of the round and caul fats and a 
fourfold increase in the kidney fat. Furthermore the 
proportions of 14:0, 16:0, and 16:1 in these animals' 
kidney and caul fats decreased. Cook, et al., (2) observed 
similar results in the adipose tissue of lambs fed protected 
safflower oil for 6 weeks. Results in Tables I, II, and Ill  
indicate that variations were relatively small in the propor- 
tions of 18:2 among the round, caul, and kidney fats of the 
animals that were fed both high 18:2 milk and protected 
safflower oil (G-1 and G-5). 

Fat from the commercial veal animals (1 and 2) had 
higher proportions of 18:1 and 18:2 than fat from the 
experimental control animals and lower proportions of 
14:0 and 16:0 (Tables I and II). The history of these 
animals prior to slaughter is not known, and literature does 
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FIG. 1. Autoxidation of rendered pork and veal fats at 60 C. 

Induction period: time in days to reach a peroxide value of 15 
meq/1000 g. 

not report the normal level of 18: 2 in the fat of young veal 
animals. However, a review of the literature (11) on the 
composition of natural fat indicates that the proportion of 
18:2 in the fat of older ruminants seldom exceeds 3.5%. 

Tocopherols 
Tocopherol levels in the depot fat from the round of the 

experimental animals were three-seven times the levels of 
the commercial veal, which were similar to those of pork 
and beef fats (Table IV). These differences apparently were 
due to the diet, since milk diets of all experimental animals 
were supplemented with vitamin E. Safflower oil also 
contains a relatively high concentration of tocopherols. 
Herting and Drury (12) reported an average tocopherol 
content of 340 /Jg/g for refined safflower oil. The data in 
Table IV show that the tocopherol levels of the round fat 
from animals G-3, C~4, 5750, G-8, 5751, and G-6 were 
quite similar and were three-four times the concentrations 
found in the commercial animals (1 and 2). The tocopherol 
levels of the round fat of animals that were fed both high 
18:2 milk and protected safflower oil (G-1 and G-5) were 
ca. double those of the other experimental animals. Scott, 
et al., (3) suggested that encapsulation may protect soluble 
lipid substances, e.g. steroids, antioxidants, drugs, etc., 
which normally would be metabolized by tureen micro- 
organisms. Therefore, the high tocopherol levels for G-1 
and G-5 may be explained partly by encapsulation; this 
explanation, however, is not applicable to G-4 and G-8 
since they also were fed encapsulated safflower oil. In all 
experimental animals, tocopherol levels of the kidney fat 
were less than those of the round depot fat (Table IV). The 
commercial veal and beef animals showed a slightly higher 
proportion of tocopherols in the kidney fat than in the 
round fat. 

Deposition of dietary tocopherol in animal tissue is 
inefficient, particularly when given to the animal by mouth. 
Caravaggi, et al., (13) reported that sheep fed o~-tocopheryl 
acetate excreted virtually all of it  in the feces in 4 days. 
However, tissue levels can be increased by increasing 
tocopherol levels in the diet over a period of time. 
Buchanan-Smith, et al., (14) reported that an increase in 
the vitamin E level of the diet resulted in significant 
increases in the tocopherol content of the skeletal muscle 
of ewes. Among species, however, differences have been 
shown in the ability to deposit dietary tocopherol in 
tissues. In a classical example, Mecchi, et al., (15) reported 
that the tocopherol of chicken was higher than that of 
turkey fed the same diet. 

The Effect of 18:2 and Toeopherols upon the Stability of 
Rendered Round Veal Fat 

Stability toward oxidation is an important quality factor 
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in mea t .  Fats ,  s u c h  as pork,  wi th  h igh  levels of  P U F A  are 
suscept ib le  to  o x i d a t i o n  o n  f rozen  s torage,  wi th  an accom- 
pany ing  decline in pa la tab i l i ty .  Such fats ,  w h e n  rendered ,  
exh ib i t  a shor t  i n d u c t i o n  per iod  be fo re  rapid  o x i d a t i o n  
occurs .  The i n d u c t i o n  per iod  fo r  the  r e n d e r e d  r o u n d  veal 
fats  is shown  in c o l u m n  5, Table  IV, and  in Figure 1. Fo r  
c o m p a r i s o n  a s tab i l i ty  tes t  w i th  r e n d e r e d  po rk  back  fat  was 
carr ied ou t  s imul t aneous ly  wi th  the  veal samples.  

Oxidat ive  s tab i l i ty  o f  the  fa t  was re la ted  inversely to  the  
18 :2  c o n t e n t  w h e n  the  t o c o p h e r o l  levels were similar  
(Tab le  IV). Commerc ia l  veal fa t  (2) ,  wh ich  con ta ins  ca. 
one -ha l f  the  18 :2  level of,  and  one - f i f th  greater ,  t o c o p h e r o l  
t h a n  the  pork  fat ,  h a d  an  i n d u c t i o n  per iod  twice as long  as 
t h a t  observed  for  pork.  Increas ing c o n c e n t r a t i o n  of  18:2  in 
the  fat  p resen t  in  animals  G-6, 5750 ,  and G-3 was 
a c c o m p a n i e d  by  co r r e spond ing  decrease  in the  i n d u c t i o n  
period.  

The  t ocophe ro l s  appea red  to  increase  subs tan t ia l ly  the  
i n d u c t i o n  period.  The  fa t  f r om an imals  G-8 and  5750  
c o n t a i n e d  ca. the  same level of  18 :2  as the  po rk  back  fat ,  
bu t  the  Iength  o f  i n d u c t i o n  per iod  for  these  veals was ca. 
th ree  t imes  t ha t  for  pork.  T o c o p h e r o l  levels,  however ,  were 
3.5-5 t imes  the  levels in  pork  fat .  The  fat  of  veal an imals  
G-1 and  G-5 c o n t a i n e d  12.2 and  12.9% 18:2,  respect ively ,  
and  would  be e x p e c t e d  t o  have i n d u c t i o n  per iods  cons ider -  
ably shor t e r  t h a n  those  for  e i the r  the  c o m m e r c i a l  veal or 
pork  back  fat ,  w h i c h  c o n t a i n e d  lower  c o n c e n t r a t i o n s  of  
18:2.  However ,  t he  i n d u c t i o n  periods for  G-1 and  G-5 were 
1.5-3.0 t imes  as long  as t hose  for  the  c o m m e r c i a l  veal and  
pork,  respect ively ,  a p p a r e n t l y  because  of  t he  h igh levels of  
t ocophe ro l .  

The act ivi ty  e x h i b i t e d  by  d ie tary  t o c o p h e r o l  on  the  
s tab i l i ty  o f  veal fa t  appears  to  be  c o n t r a r y  to  t h a t  r epo r t ed  
for  hogs. Watts ,  e t  al., (16)  f o u n d  t h a t  the  a m o u n t  of 
d ie tary  t o c o p h e r o l  depos i t ed  in hog  fat  was t oo  small  to  be 
of  pract ica l  value. Species d i f ference  in abi l i ty  to  deposi t  

d ie ta ry  t o c o p h e r o l  in  t issue already has  been  ci ted.  
Our  resul ts  ind ica te  tha t  w i th  an  increase  in the  18:2 ,  a 

co r r e spond ing  increase  in the  depos i t ion  of  t ocophe ro l s  will 
m o d e r a t e  the  e x p e c t e d  decrease in s tabi l i ty  of  the  depo t  fat  
of  veal an imals  to  ox ida t ion .  It  is suggested t h a t  the  f reezer  
storage life of  meat  samples  f r o m  these  animals  will be as 
great as, or  greater ,  t han  c o m m e r c i a l  po rk  mea t  samples .  
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