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P R O C E D U R E  

Weigh 15.0 _+ 0.1 g of sample into a beaker, dis- 
solve in chloroform, and t ransfer  to 500-ml glass 
stoppered graduated cylinder. 
Rinse beaker thoroughly with chloroform and add 
rinsing to the graduated cylinder. Add chloroform 
to cylinder unti l  volume is 200 ml. 
Add 200 ml of water, stopper and shake vigorously 
for  one minute. Set aside unti l  phases separate. 
When 125 ml or more of the water phase has sep- 
arated pipet 100 ml of the aqueous phase into an 
Erlenmeyer  flask. 
Add 1 ml of phenolphthalein indicator and t i t rate  
with 0.5N NaOH to end-point. 

C A L C U L A T I O N S  

% Free Lactic A c i d =  S • 2 1 5  
W 

S = Titrat ion of sample. 
N = Normali ty of N a 0 H  solution. 
W =  7.5 when 15.0 g is weighed for analysis. 

Precision 
A series of 15 samples of lactylated monoglycerides 

(10-25% lactic acid) and a series of 12 samples of 
shortening containing lactylated monoglyceride (ap- 
proximately 1% lactic acid) were analyzed in two 
laboratories for  total lactic acid by the proposed 
method. 

T h e  95% probabil i ty limits for  the difference be- 
tween single analyses in the two laboratories were 
0.36% for the low level and 1.46% for the high level. 
The standard deviation was 0.13% for the low level 
and 0.51% for the high level. 
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Abstract 
Digestibility and caloric availability of new-type 

fats  were determined by feeding these products  to 
young rats while on a restricted caloric intake. 
Amylose stearate, amylose palmitate, amylose ole- 
ate, distearin adipate, and glycerol adipate were 
low in both categories. Diolein fumarate  was com- 
pletely digested but  poorly utilized. These mate- 
rials were compared with common oils and fa t ty  
acids. These new-type fats have potential use as 
pan greases and surface coatings for  foods. 

Introduction 

A TEaED FAT PRODUCTS including amylose esters (1),  
diglyceride esters of suceinic, fumaric, and adipic 

acids (2,3,4), and polymeric fats f rom stearic, oleic, 
and short-chain dibasic acids (5),  have been prepared 
at  the Southern Regional Research Laboratory.  The 
amylose-containing esters may be useful as dip-type 
coatings on foods. The dibasic acid containing poly- 
esters and diglyceride esters are also potential ly edi- 
ble fats and may be used as pan greases, slab dress- 
ings, or surface coatings for  foods. 

Litt le work has been done to determine the extent 
to which these products are digested and utilized in 
the animal body. Shull et al. (6) have reported that 
two types of adipic acid esters of glycerides have high 
digestibility coefficients and that  the rate  of oxidation 
of the stearic acid is greater  when fed as the diglycer- 
ide adipate than as the polyester. In  the present re- 
port,  use has been made of the caloric availability 
assay devised by Rice et al. (7) to measure digesti- 
bility and utilizability of several new-type fats. 

Experimental 
Preparat ion and properties of the modified fats 

used in this work have been described previously 
(1-5) .  Cottonseed oil, corn oil, glucose, amylose, and 

1 Labora tor ies  of the W. & So. Utiliz. Res. & Dev. Div., AI~S, U.S.D.A. 

pahnitie, stearic, oleie, and adipic acids were included 
for comparative purposes. 

The biological evaluation described by Rice et al. 
(7) measures the available energy of a test substance 
in terms of 1-week gains in weight of young rats fed 
calorically restricted diets under  carefully controlled 
conditions. Young albino ra ts  of either sex were 
housed in individual wire-bottom cages and fed a 
complete diet, the daily intake of which was restricted 
so that  very  little gain in weight was possible unless a 
supplement (caloric source) was added. The basal 
diet consisted of the following ingredients in per cent: 
sucrose 50, crude casein 40, cystine 0.3, salts USP 
X I V  4, corn oil 3, and a complete vi tamin mixture 2.7. 
Af ter  an adjustment  period of 5-7 days on 5 or 5.5 g 
of diet per day, all rats weighing 75-85 g were di- 
vided into uni form groups of 5. Then for a period of 
7 days each rat  received daily the basal diet  or the 
basal diet plus a test supplement in an amount shown 
in Table I. A test group 's  gain in weight over that  of 
t h e  control group is a measure of the caloric avail- 
ability of the supplement. 

Since a number of the fat  derivatives were found 
to be poorly digested, a modification of the Rice pro- 
cedure was introduced i n  order to adjust  the 7-day 
weight gain for 1) undigested intestinal residues of 
the supplement fed, and 2) abnormal hydrat ion of 
either the body tissues or the intestinal contents (8).  
This modification was accomplished by changing all 
rats to the basal diet for  a period of 48 hr at the end 
of the 7-day test period. During the 48-hr period, any 
loss in weight greater than that  of the control group 
was interpreted as being a false-positive gain, for  the 
reasons cited above, and was deducted from the 7-day 
weight gain in order to arrive at the actual gain from 
utilization of the supplement. 

A sheet of filter paper  (9 x 11 in.) backed by a thin 
plastic sheet was placed under  each cage in order to 
collect the urine and feces. Collection was started the 
second day of the test period and continued to the 
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Supplement 

(Tr i a l  1 ) 
Basa l  only ......................................................................... 

-~- corn oil ...................................................................... 
-~ cottonseed oil ............................................................ 
-~ s tearic  acid ............................................................... 
-~- pa lmi t ic  acid ............................................................. 
-~ oleic acid ................................................................... 
~- amylose ..................................................................... 
-~ amylose s tearate  ........................................................ 
-~ amylose pa lmi ta te  # 2 3  ............................................ 
-~ amylose oleate ........................................................... 

(Tr ia l  2) 
B a s e d  only 

n u corn oil ..................................................................... 
-~ amylose pa lmi ta t e  ~ 23 ............................................ 
-~ amylose pa l in i ta te  # 34 ............................................ 
-~ amylose s tearate  ....................................................... 
-~ succinos tear in  polymer ............................................. , 
-~ glycerol ad ipa te  ......................................................... 
-f- d i s t ea r in  adipate  ....................................................... , 

( Tr ia l  3 ) 
B a s a l  only 

-~- cottonseed oil ............................................................ 
-]- suecino-olein .............................................................. / 
-~ ad ipos tear in  .............................................................. 
-~- diolein fumara t e  ........................................................ 
~- d i s t ea r in  ad ipa te  ...................................................... 
-~- glycerol ad ipa te  ........................................................ 

(T r i a l  4) 
B a s a l  only 

~- D-glucose. ................................................................. 
~- D-glucose .................................................................. 
-l- adipic  acid ................................................................ 
-~- cottonseed- oil  ............................................................ 
~- ad ipos tear in  .............................................................. 
§ adipo-oleostearin ...................................................... 
-~- adipo-olein ................................................................ 

a All  ra ts  were on basal  diet  d u r i n g  post-assay period.  

A121o~ll~t 
g / r a t / d a y  

5.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

5.0 
0.5 
0.28 
0.5 
0.5 
0.5 
0.5 
0.28 

5.5 
0.28 
0.5 
0.5 
0.5 
0.5 
0.5 

5.0 
0.5 
1.0 
0.5 
0.75 
0.75 
0.75 
0.75 

( 5  

Body we igh t  change in  g rams  

Net change on 
supp lement  b 

Test per iod 
r a t s / 7  d a y s )  

- -  6 

§  
-~37 
§  
+ 1 5  
~-28 
§  
~- 6 

+ 2  

+ 6  

-~44 

§  
§  
~-28 
§  
§  

-}-16 
§  
-I-36 
§  
§  
§  
§  

+ a  
+ 1 5  
§  

(wt. loss) 
-~-59 
-]-33 
§  
+ 5 7  

Post-assay 
per iod a 

(5 r a t s / 2  days)  

--11 
- -  9 

- -  7 

- -  5 

--10 
--10 
- - ] 4  
--15 
--15 
- - ] 4  

+ 5  
§  
+ 1  

o 
+ 4  
+ 4  
- -  4 

+ 8  

§  
§  
§  
+ 6  
§  
§  
§  

- -  2 

- -  4 

- -  5 

--17 
- -  4 

12 

(base) 
+ 4 5  
+ 4 7  
§  
-~22 
§  
+ 1 7  
§  
+ 1 3  
§  

(base) 
§  
§  
§  
§  
-~21 
§  
§  

(base) 
§  
§  
§  
§  
- -  2 

§  

(base) 
+ 1 0  
§  

§  
§  
§  
§  

Fecal  wt 
increase 

(5 rats./7 days)  

g, dry  wt  
(base) 

0 
0 

1.1.7 
6.9 
0 
2 

14.6 
14.2 
12.5 

(base) 
0.5 
6.7 

15.2 
13.9 
10.4 

d ia r rhea  
10.1 

(base) 
0.6 
3.2 
6.3 
0.1 

14.5 
d i a r rhea  

(base) 
0 
0 

11.0 
2 . l  

d ia r rhea  

Diges t ib i l i ty  e 
% 

1~ 
lO0 

33 
61 

100 
88 
17 
19 
29 

32 
13 
21 
41 

? 
0 

94 
82 
64 

100 
17 

? 

100 
100 

100 
58 
92 

? 

Results 

Four  separate trials are reported in Table I. In 
the first trial, stearie, palmitic, and oleic acids and 
their corresponding amylose esters are compared. The 
3 amylose esters were poorly digested (17-29%),  al- 
though utilization (weight gain) of that  portion 
which was digested was quite good, except for amy]- 
ose oleate (+5) .  

In  the second trial, amylose palmitate #23 and 
amylose stearate were repeated. Also included was 
a third amylose ester, amylose palmitate #34, which 
contained only 64% palmitoyl groups, compared with 
75.2% for  ester #23. The results indicate that  all 3 
of these esters were poorly digested, and that  ester 
#34 was the least well utilized for growth. The suc- 
cinostearin polymer that  was digested (41%) was well 
utilized for growth (+21) .  The digestibility of glyc- 
erol adipate could not be determined due to diarrhea, 
however, it was well utilized. The entire amount  of 
bis[1-(hydroxymethyl)-2-(s tearoy]oxy)  ethyl] adipate 
was accounted for  in the stool. 

In the third trial, female rats were used, and the 
growth response to glycerol adipate was great ly re- 
duced in comparison with the result obtained in the 

end of the 48-hr post-assay period. This allowed suffi- 
cient time for  any non-utilized material  to be ex- 
creted. At the end of the collection period, the 
feces were removed from each filter paper, pooled 
by groups, and dried at 100C to constant weight. 
The urine-containing sheets were dried 24 hr in a 
vacuum oven at 70C prior to weighing. F rom the 
weight of moisture-free feces excreted, the digesti- 
bility of the supplement could be calculated by the 
equation: I - F / I  • 100 where I = group total intake 
of supplement and F = f e c a l  weight in excess of out- 
put  by control groups. 

Discussion 

Generalizations based on these prel iminary data 
would be. premature.  Several of the new-type fats, 
including amylose esters, succinostearin and adiposte- 
arin, might meet a current  demand for low caloric 
foods because of their  low digestibility values. On the 
other hand, there is little doubt that  the portion of 
the modified fat  that  is digested is capable of being 

second tr ial  (+3 vs. +20) .  However, tlle observed 
diarrhea could affect responses when growth is used 
as the criterion of activity. The distearin adipate 
tested in trial 3 was actually bis [1-(stearoyloxy- 
methyl ) -2- (s tearoyloxy)e thyl ]  adipate and contained 
4 stearoyl groups ra ther  than 2 as was the case in 
trial 2. All but  17% of this compound was accounted 
for in the feces and no evidence of utilization was 
detected ( - 2 ) .  Both succino-olein and adipostearin at 
the 0.5-g levels of intake produced weight gains equal 
to the weight gain obtained from 0.28 g of cottonseed 
oil. Their  digestibility values were lower than that  of 
cottonseed oil, however. Bis [1- (oleoyloxymethyl) -2- 
oleoyloxy) ethyl] fumarate  (diolein fumarate)  was 
completely digested, yet the weight gain was indica- 
tive of poor utilization. A better understanding as to 
the metabolic fate of this latter compound will require 
fu r ther  study. 

In  t r im 4, three diglyceride esters of adipic acid 
were evaluated, namely adipostearin, adipo-oleostea- 
rin, and adipo-olein. Only 58% of the adipostearin 
was digested and the caloric availability was compar- 
able to an equal weight of D-glucose. Adipo-olein and 
adipo-oleostearin were well digested and utilized, al- 
though diarrhea was noted in the case of adipo-olein. 

Weights of the urine solids varied only slightly, and 
no increases were noted between supplemented and 
unsupplemented groups. The data are not presented. 

b Net change equals change d u r i n g  test  per iod  p lus  change d u r i n g  post-assay per iod m i n u s  change in  g roups  on basal diet  d u r i n g  the same periods. 
e Diges t ib i l i ty  ----- I - - F / I X 1 0 0  where I ~- g roup  total  in take  of supplement  and F ---- fecal weight  in  excess of ou tpu t  by control  groups.  
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utilized for growth to some extent. Eventual ly  it may 
be possible to calculate the percentage utilization of 
these products when the caloric availability of the 
component par ts  of the new-type fat  is determined. 
Thus about 20% of the amylose stearate containing 
18% amylose was digested. I f  amylose provides 4 
calories per g and stearic acid 9 cal per g, then 20% 
of a 0.5-g supplement of amylose stearate could actu- 
ally yield only 0.8 cal of energy to the animals which 
would be equivalent to 0.2 g of glucose. 

The data emphasize the importance of the modi- 
fication in the caloric availability assay that  was 
introduced to detect false-positive weight gains for  
certain supplements. This was especially true for  the 
0.75-g adipostearin-supp]emented group (--17) and 

the 0.75-g adipo-olein group (--12). 
These data agree well with digestibility values re- 

ported by Shull et al. (6) for  the diglyceride adipate, 
adipo-oleostearin. 
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and Linolenic Acids I 

of Oleic, Linoleic 
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Abstract 

The equilibrium composition of cis and trans 
isomers obtained by isomerizing oleic, linoleic, 
and linolenic acids with selenium or nitrous acid 
has been studied using gas chromatography and 
infrared spectroscopy. The oleic/elaidic equilib- 
r ium mixture was found to contain 75-80% ela- 
idle acid instead of the generally accepted 66% 
value. I t  is fel t  that  the greater accuracy of gas 
chromatography and infrared analyses over older 
methods allows this equilibrium to be defined with 
greater  precision. 

Similar studies on the cis-trans isomerization of 
linoleic and linolenic acids indicated that  their  
equilibrium mixtures also contained 75-80% trans 
double bonds. With linoleic acid, these trans 
bonds were shown to be randomly distr ibuted 
among the double bonds present. 

Cis-trans isomerization of linoleic or linolenic 
acids with selenium produced by-products having 
elation times equivalent to 18:2, 18:1, and 18:0 
on a gas chromatograph. No such by-products 
were observed when oleic acid was isomerized. 
Apparent ly  some type of hydrogen-transfer  reac- 
tion accompanies the cis-trans isomerization of 
polyunsaturated acids with selenium. 

Introduct ion 

D URING UECENT WORK in this laboratory on the cis- 
trans isomerization of natural  fats, it became 

necessary to know the maximum amount of trans 
bonds which such a process could introduce into the 
natural ly-occurr ing cis fa t ty  acids. I t  has long been 
recognized (1,2) that  the cis-trans isomerization of 
unsaturated fa t ty  acids is an equilibrium reaction, and 
that  the complete conversion of all cis bonds to trans 
bonds in one reaction is impossible. Therefore, we set 
out to define the equilibrium concentration of geo- 
metric isomers for the three most common unsatura ted 
fa t ty  acids: oleic, linoleic, and linolenic. 

Griffiths and Hildi tch (1) studied the cis-trans 

I Presented at the AOCS meeting in Toronto, Canada, 1962. 
s Dept. of Chemistry, A & /V[ College of Texas, College Station, Texas. 

isomerization of oleic, elaidic, petroselinic, and erucie 
acids using nitrous acid and sulfur as catalysts. They 
reported that  the maximum amount of trans acid pres- 
ent at equilibrium was 66%. Ber t ram (2) reached 
similar conclusions after  s tudying the isomerization 
of oleic and elaidic acids with selenium. I t  is now 
generally accepted that  the equilibrium ratio of ela- 
idle to oleie acid is 2:1, and that  these equilibrium 
concentrations are independent  of catalyst and proc- 
essing conditions. However, the analytical techniques 
available to these workers 25-30 years ago were con- 
siderably less sophisticated than those available today ; 
and, as Harwood (3) has recently pointed out, a re- 
investigation of the oleic/elaidic equilibrium has been 
long overdue. ~4odern techniques such as gas-liquid 
chromatography (GLC) (4,5,6) and infrared spec- 
troscopy (7) can now give a far  more accurate picture 
of the geometric isomers present in cis-trans isomeriza- 
tion reaction mixtures. 

The l i terature  does not provide precise information 
as to the equilibrium ratio of cis and trans isomers for 
linoleie acid. MaeGee, Mattson, and Beck (8) isom- 
erized ethyl linoleate with S02 and were able to re- 
duce the content of the 9-c/s, 12-cis isomer to as low as 
7%. They reported an 87% conversion of cis bonds to 
trans bonds based on infrared analysis of their  reac- 
tion product.  Subrahmanyam and Quaekenbush (9) 
recently reported that  approximately a 2:1 trans to 
cis ratio was achieved af ter  the isomerization of ethyl 
linoleate with selenium. However, neither MacGee et 
al. (8) nor Subrahmanyam and Quackenbush (9) 
corrected their values for  all the non-9, 12-octadeea- 
dienoate by-products present in their  reaction mix- 
tures, so that their  equilibrium values are only ap- 
proximate. Cis-trans isomerization is known to be 
accompanied by conjugation (8,9), polymerization 
(9), and catalyst addition products  (1,10,19). On the 
basis of theoretical steric considerations, Blekkingh 
(11) predicted that  the equilibrium ratio of cis and 
trans isomers for  isomerized linoleie acid would be 3. 
17.6% 18:2--9c,12c; 17.6% 18:2--9c,12t; 17.6% 

a For brevity, the geometric isomers of oleic, linoleic, and linolenic 
acids are referred to in this paper by a shorthand designation. For ex- 
ample, 18:2- -9 t ,1~c  refers to 9-tranG 12-e/s-octadecadienoie acid. See 
Table I for a complete listing of such shorthand designations. 


