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TABLE I I  
Average fatty acid composition of seed oils from four important Florida 

orange varieties and some other Citrus species. 

I00 I10 120 

Variety 

Hamlin 
Parson Brown 
Pineapple 
Valencia 
King Orange 
Dancy Tangerine 
Ponderosa Lemon 
Avon Lemon 

Iodine Value 

Fro .  1. R e l a t i o n  b e t w e e n  iod ine  v a l u e  a n d  r e f r a c t i v e  i n d ex  
for seed oils f r o m  v a r i o u s  Ci t rus  species .  

eurred on J a n u a r y  16, and it is suggested that  phys- 
iological matur i ty  of this Citrus variety has probably 
been indicated. Matur i ty  is understandably an in- 
tangible value, and is legally more conveniently de- 
fined and determined for regulatory purposes in the 
citrus indust ry  by measurement of total soluble solids/ 
acid ratio of extracted citrus juices. 

The GLC analyses of this s tudy are presented in 
Table II. Average values have been shown that rep. 
resent in each ease a minimum of seven sanlples. The 
fa t ty  acid composition of orange varieties were quite 
similar and were not discernibly changed by maturi ty.  
This similari ty within a species shows, as has been sug- 
gested (11), the tendency of certain plant species to 
characterize their  oil by virtue of the quant i ty  of 
specific unsatura ted acids being present. Data for 
seed oils made from King" orange, Dancy tangerine, 
and the Ponderosa and Avon lemon are included in 

Fatty Acid Composition % 

Palmitic ] Stearic Lino- 
Oleic leie 

24.4 36.6 
24.9 36.6 
25.0 36.8 
26.4 35.9 
18.2 43.9 
2O.5 40.0 
50.1 18.7 
29.8 30.3 

IAno- 
lenic 

3.1 
3.4 
3.7 
2.6 
3.0 
4.6 
3.7 

12.0 

Table II  for comparison. F a t t y  acid composition of 
King orange was noted as being more similar to Daney 
tangerine than to the four orange varieties shown; 
the relationship is suggested by taste also. Likewise, 
the seed oil of Ponderosa lemon was quite different 
from other lemon seed oils which are represented by 
the Avon lemon. 
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Growth Stimulating Effects of High Levels of Vegetable Oils 
R. E. ISAACKS, 1 R. E. DAVIES, 2 R. REISER and ]. R. COUCH, Departments of Poultry Science and 
Biochemistry and Nutrition, Texas A & M College University, College Station, Texas 

Abstract 
Diets containing up to 30% of vegetable oils 

resulted in increased growth and feed efficiency 
in the chick. At  40 and 46% levels, the liquid 
nature of the mixture, and not a deleterious effect 
of the fat  as such, reduced the availability of the 
solid constituents and resulted in high levels of 
mortali ty.  

No beneficial effects on growth or feed efficiency 
resulted af ter  increases in the levels of vitamin 
and /or  mineral  mixtures with increase in energy. 
The growth response to added vegetable oils does 
not appear  to be caused by an unidentified factor, 
such as may be found in distiliers dried solubles, 
antibiotic fermentat ion residue, whey product,  
fish meal, or condensed fish solubles. 

Introduction 

H IGtt ENERGY rations for the production of broilers, 
introduced by Scott e t a l .  (1) has resulted in the 

general use of fa t  as an energy source in animal feed. 
1Present address: U.S. Public Health Service, Rockville, Md. 
2 Present address: Dept. of Dermatology, Skin & Cancer Hospital, 

Philadelphia, Pa. 

Other reported benefits f rom adding fat  include im- 
provement in appearance of the feed, increased feed 
efficiency, and sometimes improved growth. Yacowitz 
and Chamberlin (2) observed a slight improvement 
in growth and improved feed efficiency from feeding 
1.5-3.0% soybean oil and animal tallow. Other work- 
ers (3,4) have also observed increases in the growth 
of chicks associated with the presence of fa t  in t h e  
diet. 

The ability of the chick to utilize high levels of 
dietary fat  has not been investigated extensively. 
Henderson and I rwin (5) reported that  feeding soy- 
bean oil in excess of 10% of the diet resulted in a 
negative growth response. More recently Donaldson 
e t a l .  (6,7) found that  feeding corn oil or animal fa t  
at levels up to 30% of practical or purified diets re- 
sulted in slight improvements in growth and feed 
efficiency. 

The objectives of the present s tudy were to investi- 
gate the response of chicks to high dietary levels of 
unsaturated fats, to test for  the need of increased 
vitamins and minerals with very  high levels of dietary 
fat, and to test the possibility that  the growth re- 
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sponse to unsaturated fa t  may  be due to an unidenti- 
fied nut r ien t  in the fat. 

E x p e r i m e n t a l  

Sexed, day-old broiler s t ra in chicks were wing- 
banded, vaccinated for Newcastle disease, and ran- 
domly dis tr ibuted into thermostat ical ly controlled, 
heated pens with raised wire floors. Individual  body 
weights and feed efficiency were determined when 
four  weeks old. The chicks were fed semi-purified 
diets in all experiments. Basal diets are presented 
in Table I. 

In  order to determine the effect of graded levels of 
soybean oil on the chick, 10,20,30, and 40% of the oil 
was substi tuted for eerelose in diets containing a cal- 
orie to protein rat io ( C / P )  of 42:1, and 10,20,30, 
and 46% was substi tuted for  eerelose at a C / P  of 
50:1. Each group contained 10 male and 10 female 
chicks. 

T A B L E  I 

Basal  Diets  

Exper iments  1 -3  Expe r imen t  4 
I n g r e d i e n t  __ C / P  Rat io  . C / P  Rat io  

4 ~  41 : i 
r I 

Isolated Soybean Pro te in  ....................... 30.5 ] 26.0 ] 23.22 
Glucose 3/Iouohydrate ............................. ] 58.4 I 62.9 I 50.95 
Wood Pu lp  .............................................. / 3.0 I 3.0 I 2.64 
Minera l  :Mixtnre a ................................... / 6.84 I 6.84 I 6.84 
Vi tamin  Mix ture  b .................................. I 1.35 ] 1.35 I 1.35 
Unident i f ied  Growth  Factors  e . . . . . . . . . . . . . . .  I . . . . . . . . .  i . . . . . . . .  I 15.00 

a M i n e r a l  Mix tu re :  ( %  of dieb) CaCOu, 1.0; CaHPO~-2HuO, 3.89, 
NaC1 0.6;  lVlnSOd-I-LxO, .037; MgSOd.7HsO, .527 ; FeSOvTHsO,  .015 ; 
CllSO~ (anhyd . ) ,  .0011;  ZnCle, .10104;  CoCls.6HsO, .00016;  KC], 
.763;  Na,zMoOd.2H20, .000076;  KI ,  .0007. 

b V i t amin  Mixture  ( m g / k g  d i e t ) :  Thiamin.I tC1,  10 rag;  Ribof lavin ,  
10 rag;  D-Calcium pantothenate ,  20 rag;  pyridoxine,  6 rag; pare-amino 
benzoic acid, 20 rag; inositol, 500 mg ;  biotin,  0.2 lng;  v i t a m i n  A, 
10,000 I . U . ;  v i t a m i n  Ds, 4000 I .C .U . ;  methionine,  7500 rag;  glycine, 
3500 rag; niacin,  75 mg;  folie acid, 4 rag; aureomycin  I:IC1, 10 rag;  
BHT,  5000 mg ;  d-a]pha-tocopheryl acetate, 20 mg;  choline chloride, 
1.5 rag;  menadione,  .5 rag;  v i t a min  Bls, 20 meg. 

Composed of 6 %  dist i l lers  dr ied solubles, 0 . 5% ant ibiot ic  fermenta-  
t ion residue, 0 .5% whey product ,  5 %  fish meal and 3 %  condensed 
fish so]ubles. 

As an additional test of the influence of dietary 
fa t  on growth and feed efficiency, corn oil and rice 
bran oil were compared to soybean oil at 10,20, and 
30% of the diet at the 42:1 C/P .  

Because of the demonstrated need for  an increase 
in the percentage level of d ie tary  protein and ribo- 
flavin with increase in d ie tary  fa t  (8), it was thought  
there might  also be a similar increased requirement  
for minerals and vitamins. To test this possibility, 
v i tamin and nlineral mixtures  were added to the 
diets containing 10,20, and 30% of soybean oil at such 
levels that  the calorie-to-vitamin and calorie-to-min- 
eral ratios were constant. As before, 10 male and 10 
female chicks were in each group. C / P  ratio was 42:1. 

I t  has been said that  the chick requires factors 
present  in unsaturated fats, par t icular ly  vegetable 
oils, for max imum growth (3,4). For  this reason it 
was of interest  to know whether  or not the growth 
response to oils could be obtained by feeding a semi- 
purified diet (Table I )  which contained 15% of the 
commonly known mlidentified growth factor  sources. 
The unidentified factor  mixture  was composed of 6% 
th'ied distillers solubles; 0.5% antibiotic fermentat ion 
resi/hle; 0.5% whey product  (6% lactose);  5% fish 
meal and 3% condensed fish solubles. 

In this experiment 16 male and 16 female chicks 
were ill each group. Soybean oil was added at levels 
of 0,10, and 20%. The vi tamin and mineral  mixtures 
were the same as those of the previous experiments, 
and a constant C / P  of 41:1 was maintained by adjust-  
ing' the protein and glucose levels. 

I t  has been previously shown that  chicks may  be 

reared on diets containing 30% fa t  (7) with slight 
increases in growth, and improved feed efficiency, 
but  none of the reported responses were of the magni-  
tude presented in the data of this experiment.  Table 
I I  shows growth responses to levels of 10,20, and 
30% soybean oil at both 42:1 and 50:1 protein:calorie 
ratios with corresponding improvement  in feed effi- 
ciency. Morta l i ty  was increased with the higher 
levels of fat.  All chicks which received 40 or 46% 
soybean oil were dead at age 10 days, probably  be- 

T A B L E  II 

The Effect of Graded  Levels of Soybean Oil at Two Calor ie :  P ro te in  
Rat ios  on Growth  and Feed Efficiency of Chicks 

( ~ r o u p  
no .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Re- 
4 wk ~ponse 

Treatment body wt over 
basal  

Basa l  a 407.4 • 20.17 * 
1 0 %  Soybeano i l  / 483.5 4- 23.27 
20 % Soybean oil] 388.8 4- 32.94 44.5 
3 0 %  Soybeano i l  5 8 3 . 8 •  I 43.3 
4 0 %  Soybean oll 
Basal ~ I ~ i ~  ~ ~i:~ ...... 
1 0 %  Soybeano i l  I 546.6 4- 33.00 3718 
2 0 %  Soybean oil 560.2 --+ 36.17 41.2 
3 0 %  Soybean oil 583.8 4- 54.35 47.1 
4 6 %  Soybean oil ..................... 

Effi- 
elei le:  

g 
feed / 

body 
wt  

1.64 
1.28 
1.16 
1.10 

1.68 
1.32 
1.16 
1.29 

Im- 
prove- [ 
merit  1 

in feed I 
eft. over 

b a s a l  _ _  

% 

29.2 
32.7 

30.9 
23.2 

Mor- 
tal- 
i ty 

% 
0 
0 
5 
5 

100 
0 

15 
0 

35 
100 

C/ l?  ra t io  4 2 : 1 .  
b C / l ?  ra t io  50 :1 .  
* Mean -4- confidence interval ,  9 5 % .  

cause the high levels (tf oil resulted in unhomogenous 
mixtures with the oil floating on top. I t  should be 
noted: although there was a pronounced increase in 
growth rate with illerease in d ie tary  soybean oil to 
10% it did not continue to increase at the 30% level 
at 42:1 C / P  but  did at 50:1. The feed efficiency, on 
the contrary,  increased up to the 30% levd at  C / P  
42:1, but only up to 20% when it was 50:1. I t  is 
questionable, therefore, whether there is any signifi- 
cant advantage of the 30% at either of the C / P  ratios. 

As shown in Table I I I  the increase in mineral  and 
vi tamin levels in the diet did not improve growth or 
feed efficiency in the presence of increased fat.  This 
fa i lure  indicates that  the levels of the vi tamins and 

T A B L E  I I I  

The Inf luence of Calorie to Minera l  and Calorie to Vi tamin Rat ios  on 
the Growth Response of Chicks to Graded  Levels of Soybean Oil 

?reatment 

~asaI 
0 % Soybean oil ....... 
0 % Soybean oil ....... 
0 % Soybean oil ....... 
;asal a 
0 % Soybean oil 

C / V  ........... 
0 % Soybean oil 

c / v .  
o % Soybean oil 

C /V.  
a s a l  b 
0 % Soybean oil c/M 
0 % Soybean oil 

C/M, 
O % Soybean oil 

C / M  .... 
asal 
0 % Soybean oil 

O / V  C / M  ........ 
9 % Soybean oil 

O / V  C /M .............. 
? % Soybean oil 

C / V  C / M  .............. 

4 wk 
body wt  

g 
396.6 • 27.53 e . . . . . . .  
459.6 4- 30.39 
504.2 § 32.99 
518.4 4- 30.92 
395.9 --+ 22.50 

487.9 4- 17.10 

513.2 ~ 35.22 

503.2 4- 46.13 
411.0 4- 25.94 

495.3 • 35.85 

486.0 4- 25.64 

494.8 4- 30.36 
393.1 --+ 36.05 

475.5 --+ 24.45 

513.2 --+ 24.81 

512.8 4- 40.35 

R e -  
I sponse I Feed 

basa l  effi- over e i e n c y  

g 
feed/g 

% body wt 
1.44 

15.9 1.45 
27.1 1.20 
30.7 1,14 

1,46 

23.2 1.13 

29.6 1.12 

27.1 1.10 
1.39 

20.5 1.19 

18.3 1.23 

20.4 1.14 
1.44 

20.8 1.40 

30.4 1.12 

30.3 1.12 

Im- 
prove- 
nlent  

in f e e d  
eft. over 

b a s a l  

% 

-1 .2  
16.3 
20.3 

20.8 

21.9 

22.8 

16.7 

13.8 

20.6 

2.4 

21.6 

21.6 

M o t -  
tal- 
i ty  

% 
5 

20 
5 
5 
0 

0 

5 

0 
0 

10 

0 

0 
0 

20 

5 

5 

a C a l o r i e s / v i t a m i n  mix tu re  ratio held constant .  
b Calo r i e s /mine ra l  mix tu re  ra t io  held constant .  
e Mean 4- 9 5 %  confidence in terval ,  
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nlinerals used in the basal diet were ample even when 
the total  feed intake was reduced by increasing the 
energy level. The responses to the increases in die tary  
fa t  in this  experiment  are in general agreement  with 
those of Exper iment  1. I t  was noted tha t  poor feather-  
ing did occur at  the 30% level with soybean oil. Pre-  
viously it had been reported by Donaldson et al. (6) 
that  poor feather ing in birds occurred on diets con- 
taining over 4% fat.  

Comparison of corn oil and rice oil with soybean 
oil (Table IV)  showed that  all the oils produced com- 
parable  increases in growth and food efficiency except 
that  30% rice oil produced a drop in feed efficiency 
as compared to 10 or 20%. I t  also produced the 
highest mortal i ty.  

Data  in Table V show that  the increase in growth 
rate  which occurred with the increase in fa t  in the 
diet cannot be a t t r ibuted to any  unknown factor  
which may  also be present  in the above named sources 
of unidentified factors. Despite the presence of excess 
quantit ies of each of these factors, the response to in- 
creasing levels of soybean oil was still obtained. 

Apparen t ly  the chick is capable of utilizing high 
levels of energy in the form of fa t  provided that  the 

T A B L E  I V  
Comparison of Nu t r i t i ve  Values  of Soybean, Corn and Rice B r a n  Oils 

Group  Trea tment  
no. 

1 Basa l  
2 10% Soybean oil 
3 20 % Soybean oil 
4 30 % Soybean oil 
5 Basa l  
6 1 0 %  Corn oil 
7 2 0 %  Corn oil 
8 3 0 %  Corn oil 
9 Basa l  

10 1 0 %  Rice oil 
11 20 % Rice oil 
12 3 0 %  Rice oil 

4 wk 
body wt  

g 
408.5 4- 15.55 
462.5 4- 17.41 
540.8 -+- 25.86 
537.0 4- 27.67 
421.7 4- 27.46 
496.3 4- 24.79 
541.0 • 19.92 
521.0 4- 24.82 
438.3 4- 50.28 
487.9 4- 25.23 
498.9 4- 26.56 
540.8 4- 38.59 

~ S A A C K S  E T  A L . :  G R O W T H  S T I M U L A T I N G  E F F E C T S  

Re- 
sponse 
over 
basal  

Feed 
eff~- 

cienc: 

g 
feed/ t  
body 

wt  
1.46 
1.30 
1.08 
1.06 
1.48 
1.19 
1.08 
1.08 
1.49 
1.27 
1.19 
1.36 

Inl- 
prove- 
ment  

in/f~ ed. 

over I 
basal  

% ; 

11.9 
26.8 
28.2 

19.5 
27.0 
27.2 

14.2 
19.1 

7.6 I 

Mor- 
tal- 
i ty 

% 
0 
0 
5 
5 
5 
0 
0 

10 
10 

5 
5 

40 

a 9 5 %  confidence in terva l .  

% 

9.4 
27.9 ! 
29.0 I 

17.4 
28.0 
23.2 

16.2 ' 
18.0 
2 7 . 9 1  
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T A B L E  V 

Inf luence  of Unident i f ied  Nu t r i en t  Factors  on the Nu t r i t i ve  ] ra lue  of 
Soybean Oil 

Group  
no. 

Supplement  
to basal  

diet  

None 
10 % Soybean oil 
20 % Soybean oil 

g 
508.8 4- 21.10 a 
585.9 4- 23.18 
592.7 4- 31.11 

a Conta ins  6 %  dis t i l lers  dr ied solubles 

Re- Feed 
4 wk sponse 

body wt over effi- 
basal cieney 

g 
f e e d / g  
body 

% wt  
...... 1.55 

15.2 1.27 
16.5 i 1.17 

Inl- ' 
)rove- 
ment  
a feed [ 
~. over 
basal 

% 

18.1 
24.5 

1V~or - 
t.al- 
i ty  

% 
0 

0 . 5 %  ant ib iot ic  f e rmenta t ion  
residue, 0 . 5 %  whey product ,  5 %  fish meal, 3 %  fish solubles. 

protein level of the diet is adjusted accordingly, and 
the physical condition o f  the feed is such that  all 
nutr ients  in the diet are available. When the fa t  is 
in the fo rm of a liquid oil, as in the present  diet, it 
is impossible to test the effects of over 30% fa t  be- 
cause of the physical  na ture  of the mixture.  The oil 
floats on top of the solid par ts  of the feed, making 
the la t ter  unavailable to the chick. 
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�9 Letter to tke Ech'tor 

The Relationship Between Optical Activity and 

Structure of Natural Triglycerides 
w r ~ I I E R E  H A S  B E E N  considerable recent discussion in 
] k  the l i terature  concerning the analysis of na tura l  
fa t  tr iglycerides to determine which f a t ty  acids are 
esterified to which hydroxy  groups of the glycerol 
molecule. Par t ia l  hydrolysis by  pancreat ic  lipase can 
be used to determine which f a t t y  acids are esterified 
at the 2-position of na tura l  tr iglyeerides (1). Com- 
parison of these results with the f a t ty  acid composition 
of the total fa t  allows calculation of which f a t t y  acids 
are esterified at the combined 1- and 3-positions (the 
terminal  positions).  VanderWal  (2) and Gunstone 
(3) have refer red  to the absence of suitable techniques 
for  determining whether or not the f a t ty  acids esteri- 
fled at  the 1- and 3-positions of na tura l  tr iglycerides 
are equivalent. Apparent ly ,  the relationship between 
the optical act ivi ty of tr iglycerides and the equival- 

ence or non-equivalence of their terminal  positions 
has not been considered. We wish to point out that  
optical act ivi ty determinations can be used to estab- 
lish whether  na tura l  tr iglyeerides have equivalent or 
non-equivalent f a t t y  acids esterified at the 1- and 
3-positions of the glycerol. 

The te rm "equivalence  or non-equivalence of the 
1- and 3-positions in na tura l  t r ig lyeer ides"  refers  to 
whether na ture  has differentiated between these two 
positions dur ing the biosynthesis of triglyeerides.  
Symmetr ica l  mono- and diaeid tr iglyeerides (such as 
t r i laur in  and 2-oleodipalmitin) will, of course, have 
equivalent terminal  positions since both are esterified 
to the same f a t t y  acid. The 1- and 3-positions of a 
single tr iglyeeride molecule can be esterified to differ- 
ent f a t ty  acids, however, and the total  fa t  containing 


