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This study was undertaken to characterize more completely the unsaturated fatty acids 
of butterfat. The presence of Clo to Cle monoethenoid acids was confirmed; the C12 
and CI4 were predominantly the cis-form, while the C16 and C18 acids had both cis and trans 
double bonds. The nonconjugated dienoic acids were found to be a mixture of cis-cis 
and either cis-trans or trans-trans isomers. Conjugated dienoic acids were identified as 
cis-trans and trans-trans isomers. The trienoic, tetraenoic, and pentaenoic acids had the 
a Il-cis configuration. 

HE COMPOSITION OF BUTTERFAT has 
T b e e n  the subject of literall>- hun- 
dreds of investigations in the past 50 
years. The presence of the normal 
straight chain saturated fatty acids 
from Cd to C?J, with an  even number of 
carbon atoms, ha!; been fairly well es- 
tablished. However, in recent years, 
Shorland and covrorkers have reported 
the presence of minor amounts of a 
number of branched-chain acids and 
acids with a n  odd number of carbon 
atoms (7J-20, 36-38), 

The identification and structure of the 
unsaturated fatty acids of butterfat 
have not been completely elucidated 
and are still the subject of extensive 
investigation. .4s early as 1912, Smed- 
ley (40) suggested that lower homologs of 
oleic acid \\-ere present. Other workers 
(5, 7 7 ,  72, 1 7 )  substantiated Smedley's 
postulation for the presence of decenoic 
acid and found evidence of CI?, CI?? 
and Cle monoethenoid acids. The 
double bond was claimed to be in the 
9, 10 position (26, 29). Bertram's 
( J )  discovery: in 1928. of vaccenic 
(trans-1 1-octadecenoic) acid led to fur- 
ther studies by others (2. 3. 7 .  9, 73, 33) 
who also concluded that octadecenoic 
acids contained position as \\-ell as geo- 
metric isomers. Until recently, the 
lower unsaturated acids were thought 
to be exclusively cis forms. However? 
in 1954, Smith and coLvorkers (47) pre- 
sented evidence ctf trans components in 
CI?,  (211. C16, and CIS monoethenoid 
fatty acid fractions and in 1956, Backderf 
(2)  found a tram-1 6-octadecenoic acid. 
a previously unrrported component of 
butterfat. 

Some early investigators concluded 
that the diethenoid acids of butterfat 
were mainly gr:ometrical isomers of 
linoleic acid (5: 6, 8, 24, 25); while 
others found that. these acids contained 
a high percentage of normal linoleic 
(9-cis. 12-cis octaldecadienoic) acid (44). 
In  1954, Smith and coworkers (47) pub- 

lished the infrared spectra of concentrates 
of polyunsaturated acids from butterfat, 
which showed the conjugated dienoic 
acid to be largely cis-trans with the 
possibility that some trans-trans isomers 
\\-ere also present. 

Substantially all the nonconjugated 
trienoic acid of butterfat has been 
identified as normal linolenic (9-cis, 
1 2-cis, 1 5-cis octadecatrienoic) acid by 
the preparation of the bromo deriva- 
tives (70: 3.5). 

Lltraviolet spectrophotometric evi- 
dence of a tetraenoic and a pentaenoic 
acid has been published (30-32. 39. 32). 
However, these acids have not been 
isolated and characterized. 

The present study was initiated pri- 
marily to identify the polyunsaturated 
components of butterfat. Ho\vever! in 
the course of the \vork: the monoethenoid 
components were also investigated. Ow- 
ing to the inadequacies of the analytical 
methods for such complex mixtures 
containing geometric isomers, no at- 
tempt \\-as made to relate quantitatively 
the amount of each unsaturated com- 
ponent in the various fractions to the 
amount in the butterfat. 

Experimental 

The butterfat employed in this in- 
vestigation was prepared from butter 
churned from fresh pasteurized cream. 
The  milk \vas obtajned from the dairy 
herd located at  the U. S. Department of 
Agriculture Research Center. Beltsville. 
hld.  The herd had been fed Lvinter 
rations for several months. 

&As manv of the unsaturated fattv acids 
are present in minor proportions. it 
was necessar) to concentrate them to 
facilitate their isolation. Four kilograms 
of butterfat \\ere converted directly to 
the meth) 1 esters by methanolysis; 
sodium methylate \\as used as catalyst 
The methvl esters were distilled under 
reduced pressure to remove esters up 

to and including some of the esters of 
the acids. The remainder \\-ere 
subjected to a series of crystallizations 
from acetone at  -30" C.: -45' C., 
and -65" C. to remove most of the 
palmitate, stearate, and some of the 
octadecenoate. The - 65 " C. filtrate 
material, 605 grams, \vas subjected, in 
80- to 100-gram batches. to further frac- 
tionation by chromatographic adsorption 
on silicic acid columns. The column 
and technique for operation under 
nitrogen were essentially the same as 
described by Herb and Riemenschneider 
(22: 23. 34). The adsorbent mixture, 
80YG silicic acid-20%, filter aid: was 
heated to 105' C. for 16 hours prior to 
packing in the column as a slurry in re- 
distilled petroleum ether. The column 
[vas 6.5 cm. in diameter and 105 crn. in 
height and was packed with 1500 to 
1600 grams of adsorbent mixture to a 
depth of 90 to 94 cm. Successive elu- 
tions were made with redistilled petro- 
leum ether (boiling point 40-50" C.) 
containing increasing percentages of 
ethyl ether depending on the progress 
of the fractionation, \\-hich was de- 
termined by analysis of the fractions. 

Fractions from this large column 
having similar composition, whether 
from the same or separate runs. nere 
combined for further fractionation either 
by adsorption on a smaller silicic acid 
column, low pressure distillation, or 
urea - adduct stepxvise crystallization. 
The smaller chromatographic adsorp- 
tion columns were of the same general 
type as the larger column and were 
packed so that there \\as a ratio of 30 
or more grams of silicic acid-filter aid 
mixture per gram of sample. 

The urea adduct stepivise crystal- 
lization procedure was the same as that 
described by Allm ( 7 ) .  Fifteen grams 
of the esters were dissolved in 150 ml. 
of methanol, 15 grams of urea \vas 
added, and the mixture heated until the 
urea dissolved. The solution \vas held 
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Table 1. Spectrophotometric Anal- 
ysis of Butterfat and Concentrate 

from Butterfat 

Butterfat Concentrate 
Acids (1.V. 3 0 . 2 )  (/,V. 707 .0 )  

Acid in Sample, yo 

Dienoic 0 . 4 3  2.23 
Trienoic 0.02 0.07 

Dienoic 1 . 5 0  8.70 
Trienoic 0 , 5 9  3.70 
Tetraenoic 0.23 1 . 4 0  
Pentaenoic 0.20 1.20 
hlonoenoic 29.1 68 80 
Saturated (by 

difference) 6 5 . 9  8 , 9 0  

Conjugated 

Nonconjugated 

at  room temperature until the complex 
crystallized; the complex was removed 
by filtration. The filtrate was treated 
with 12 grams of urea to remove another 
fraction of the esters. The urea treat- 
ments were repeated until all the esters 
were recovered. 

Methods of Analyses. The iodine 
values were determined by the Wijs 
method (30 minutes). Polyunsaturated 
acids were determined by the micro 
merhod of Herb and Riemenschneider 
(27), using a Beckman Model DU spec- 
trophotometer. Infrared data Lvere ob- 
tained Jvith a Perkin-Elmer Model 21 
spectrophotometer using essentially the 
procedure of Swern et al.  (43). 

Interpretation of Infrared Data. 
The infrared region from 900 to 1100 
cm.-l' (11.11 to 9.09 microns) is shown 
in the figures. The pertinent bands 
for interpretation of geometrical con- 
figuration are a t  948, 968, 982: and 988 
cm.-' (10.55, 10.33> 10.18, and 10.12 
microns). The 968-cm.? band is char- 
acteristic of a trans bond in a mono 
unsaturated ester or of a trans bond in 
a nonconjugated polyunsaturated ester. 
In  this paper. the former \vi11 be re- 
ferred to as an isolated trans bond and 
the latter as a nonconjugated trans 
bond. The band at  988 cm.? and the 
doublet at 948 and 982 cm.? were es- 
tablished by Jackson and coworkers 
(281 as characteristic of trans-trans con- 
jugated diene and cis-trans conjugated 
diene. respectively. Unresolved absorp- 
tion in the 982 to 988-cm.-' region in 
conjunction with a definite band at 
948 cm.-' \vas considered evidence of 
both cis-trans and trans-trans conju- 
gated diene. 

The infrared curves are in per cent 
transmittance. The spectra of different 
fractions are presented in order to show 
the relative effect of various techniques 
in fractionating mixtures containing 
geometric isomers of the unsaturated 
components. The intensity of the trans 
bands sho\vn in the curves for the frac- 
tions represent only visual comparisons 
of the trans components in these frac- 
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Figure 1. Infrared curves of butterfat methyl esters, concen- 
trate of unsaturated esters, and fractions from a chromato- 
graphic separation of the concentrate. Ordinate i s  transmit- 
tance with zero displaced 

tions and are not intended to show a 
quantitative interrelationship. 

In every investigation \vhere a number 
of fractionating techniques and manipu- 
lations are applied to unsaturated fatty 
acids and esters there is always the pos- 
sibility of artifacts being formed. Pre- 
cautions were exercised at every stage 
of the separation to minimize this pos- 
sibility by preventing exposure to air 
and excessive heating. In no instance 
in the course of employing fractionating 
procedures for obtaining enrichment of 
the components )vas there observed an 
unexpected increase in trans components 
as might be the case if they Fvere being 
produced as artifacts. Hence, the trans 
material did not appear to result from 
manipulative or chemical procedures. 
Likewise, other workers (9>  J 7 )  found no 
evidence that similar techniques pro- 
duced trans isomers as artifacts. 

Results and Discussion 

Further fractionation of the l o ~ v  pres- 
sure distillates or the precipitates from 
the fractional crystallization has not 
been attempted here. HoTvever. iodine 
values, saponification equivalents, and 
ultraviolet and infrared spectrophoto- 
metric analyses xvere obtained on these 

products. These analyses indicated that 
the unsaturated constituents of the dis- 
tillates were principally esters of Clo, 
' 2 1 2 ,  ( 2 1 4 ,  and C I ~  monoene acids, the 
esters of C I Z  and ' 2 1 4  acids being pre- 
dominantly of the cis configuration. 
The major components of the precipi- 
tates from the fractional crystallization 
were methyl palmitate, methyl stearate, 
and methyl oleate. 

Principal attention was given to the 
identification of the unsaturated com- 
ponents of the filtrate obtained from the 
-65" C. crystallization. The ultra- 
violet spectrophotometric analysis of 
this filtrate material (-65' C. concen- 
trate) and of the original butterfat are 
given in Table I .  The infrared spectra 
are shown in Figure 1. The original 
butterfat contained small amounts of 
conjugated diene and traces of 
conjugated triene esters. Noncon.ju- 
gated ester3 \vith 2, 3. 4, and 5 double 
bonds were present. The total poly- 
unsaturated acids present in butterfat 
is about 3%. A small amount of iso- 
lated or nonconjugated trans isomers 
are evident from the infrared spectrum. 
This is estimated to be not more than 
5%. The -65" C. concentrate ma- 
terial represented about a sixfold con- 
centration of polyunsaturated esters. 
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Table II. Analyses of Fractions from Chromatographed Concentrate 
Conjogafed Nonconjugated 

Fraction Wf., IS. I.V. Diene Diene Triene Tetraene Pentaene 
Acid in Sample, % 

71 . o  0.009 0 . 8 5  
9 1 5 . 3  79 .6  1 . O j  2 .41  
10 1 0 . 6  114 .4  3 .96  2 3 . 9  
11 
12 
13 
14 
15 
16 
17 
18 
Residue 

9 . 1  
1 . 7  
0 . 4  
0 . 2  
1 . 1  
1 . 9  
1 . o  
1 , 5  
9 . 5  

1 4 . 3  48 . O  
. .  . . .  . . .  6 3 . 5  

. . .  . . .  68 .2  
29616 2 .66  . . .  7 . 7  
Viscous material containing 13('; unsap. 

9 0  
17 9 
24 7 
11 4 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
35 . O  

The infrared spectrum of the concentrate 
showed the presence of conjugated 
cis-trans and trans-trans isomers and 
a n  effective enrichment of the isolated 
or nonconjugated trans compounds as 
compared \\ith the original butterfat. 

The analyses and infrared spectra of 
the fractions from a typical chromato- 
graphic separation of the concentrate 
are illustrated in Table I1 and Figure 1. 
Fraction _1 contained saturated and mon- 
oene ester iuhile fractions 4 to 8 consisted 
mainly of monoene esters Lvith a lesser 
amount of saturated esters. The infra- 
red curves show that fraction 3 contained 
a greater concentration of isolated trans 
bonds than fractions 4 to 8. This sug- 
gests that some fracrionation of the trans 
from the cis monone esters had resulted. 

Ultraviolet spectrophotometric anal- 
ysis of fractions 9 to 12: both before 
and after isomrrization. showed the 
presence of conjugated and nonconju- 
Fated diene esters and some nonconju- 
gated triene esters. The infrared spec- 
trum confirmed the presence of cis-trans 
and suggested the possible presence of 
trans-trans conju;?ated diene esters and 
nonconjugated diene containing some 
trans double bonds. The probable 
presence of trans- rrans conjugated diene 
is more clearly shown by the infrared 
curves for fractio7s 13 to 15. which also 
contained a small amount of nonconju- 
Sated tetraene esters as indicated by the 
ultraviolet analysis. 

Examination of the infrared spectra 
of fractions 9 to 12 and 13 to 15 sho\vs 
that the unresolved absorption at 982 
to 988 favors the 982 cm.-' band 
in fraction 9 to 12 and the 988 crn.-I 
band in fraction 13 to 15. This. \\hen 
considered u i th  the intensity of the 948 
cm.-' band in he i r  respective spectra. 
indicates that some fractionation of the 
conjugated cis-trans from the conju- 
gated trans-trans isomers has been 
achieved. Further evidence for the 
separation of these isomers is shown by 
the relative amounts of conjugated 
dienes removed in fractions 9 to 14 

(Table 11). Fractions 16 to 18 con- 
sisted essentially of triene, tetraene, and 
pentane esters having the all-cis con- 
figuration, as the small band at  968 
cm.-' represents less than 3% trans 
material calculated as methyl elaidate. 

Separation of Cis and Trans CIS 
Monoene Esters. A composite of frac- 
tions similar in composition to fraction 
3 (Table 11) was rechromatographed. 
The  infrared spectra are shown in Figure 
2. Fracrions il and B,  lvhich are 
essentially all saturated as indicated by 
the iodine values, contained only a slight 
amount of trans material. Fraction C 
had a high percentage of isolated trans 
isomers, Tvhile Fraction D, LIhich has 
an  iodine value close to that of methyl 
oleate 85.1 (theory 85.6), contained no 
trans isomers. This shoivs the feasibility 
of this procedure for separating trans 
from cis monoene esters. 

Separation of Trans-Trans and Cis- 
Trans Diene Esters. A sample of 
esters. which had an analysis similar to 
that of the composite of fractions 9 to 12 
(Table 11), Jvas subjected to urea- 
adduct stepn-ise crystallization. The 
infrared curve of the composite is desig- 
nated 0 in Figure 3. The conjugated 
trans-trans isomers xvere found mainly 
in precipitate fraction '4, while the 
conjugated cis-trans isomers \$'ere found 
predominantly in precipitate fraction 
C. Precipitate fraction B and the 
final filtrate D contained very small 
amounts of both. Most of the isolated 
or nonconjugated trans material con- 
centrated in fractions A and B. The 
final filtrate D:  by ultraviolet spectro- 
photometric analysis, was rich in dienes; 
hence, even though there is evidence of 
small amounts of trans isomers, the pres- 
ence of cis-cis nonconjugated linoleate 
is almost certain. 

Separation of Triene and Tetraene 
Esters. Attempts to fractionate ma- 
rerial comparable to fractions 16 and 17 
(Table 11) Lvere only partially successful, 
Rechromatographing produced fractions 
containing 88 to 89y0 triene and 7 to 

D 
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Figure 2. Infrared curves demon- 
strating the fractionation of butterfat 
cis monoethenoid from trans mono- 
ethenoid esters. Ordinate i s  trans- 
mittance with zero displaced 

A. I.V. 8.0, mostly saturated esters 
6. I.V. 8.7, mostly saturated esters 
C. I.V. 62.8, saturated + cis  and trans methyl 

oleate 
D. I.V. 85.1, essentially pure c i s  methyl oleate 

8% tetraene esters with no trans bonds, 
and fractions containing about 457, 
tetraene and 497, triene esLers \\-hich 
had no trans bonds. The x-ray diffrac- 
tion pattern of a completely hydro- 
genated portion of a fraction, tvhich con- 
tained a high percentage of triene, 
showed only the presence of esters of 
CIS acids. Similar treatment of a 
fraction i\.hich contained a high per- 
centage of tetraene indicated that the 
tetraene was an ester of a Cg2 acid 
although the presence of a tetraene 
was not excluded. 

Pentaene Esters. A composite of 
fractions comparable to fraction 18 
(Table 11) was rechromatographed. A 
fraction \vas obtained that appeared to 
be an ester of a CZZ pentaenoic acid as 
judged by the iodine value: 368.3 (theory 
368.5), and from a hydrogen number of 
67.71 (iodine equivalent 374.8). HOW- 
ever. the absorptivity determined by 
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ultraviolet spectrophotometric analysis 
was high for this ester, a34bm,  = 56.4, 
an indication that the fraction probably 
contained the esters of both CZ2 and C ~ O  
pentaenoic acids [published values (27) 
a34brnp = 48.3 and 83.6, respectively]. 
From the spectrophotometric data, the 
fraction was estimated to contain 777, 
esters of CSZ and 237, esters of CZO 
pentaenoic acids. The  calculated iodine 
number of such a mixture would be 
376.0, which is in good agreement with 
t b a t  found by hydrogenation. 

An x-ray diffraction study of a com- 
pletely hydrogenated portion of this 
particular fraction and known mixtures 
indicated the presence of more than t\$’o 
components. which made the interpe- 
tation of chain length inconclusive. 

The infrared spectrum, Figure 4, in- 
dicated that the pentaenes had the all-cis 
configuration. 

c 
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A M I N O  ACIDS IN SOYBEANS 

Amino Acid Composition 
of Soybean Protein Fractions 

C. H. VAN ETTEN, J. E. HUBBARD, 
JEAN M. MALLAN, A. K. SMITH, 
and C. W. BLESSIN 
Northern Utilization Research and 
Development Division, Agricultural 
Research Service, U. S. Department 
of Agriculture, Peoria, 111. 

Soybean meal is of great economic importance because of its use in human foods and 
because it i s  a source of high-quality protein in formulating animal feeds. Amino acid 
analyses were made on soluble soybean protein and on acid-precipitated and heat- 
coagulated fractions. Mostly ion exchange chromatographic methods were used. The 
heat-coaigulated fraction contained larger amounts of nearly all of the nutritionally 
essential amino acids than the total water-soluble protein. The amounts of amino acids 
in the w'ater-soluble and acid-precipitated fractions were similar to reported values for 
the meal. 

ORE TH.AN 6.000,000 tons of soy- M bean meal are sold annually in 
mixed feeds. T o  improve feed efficient)., 
to stimulate use of isolated soybean pro- 
tein, and to increase the consumption of 
meal products in foods, more exact infor- 
mation is required about the amino acid 
composition of soybean protein fractions. 
Such information is important because of 
the nutritionally essential nature of some 
amino acids. The  .variation of their re- 
quirement by difl'erent animal species 
(2) and the increashg evidence that the 
amount and kind of nonessential amino 
acids present affect the total amino acid 
required ( l'i. are further reasons \vhy 
exact composition needs to be deter- 
mined. 

.4nalyses of soybean protein by recently 
developed ion exchange chromatographic 
methods ivould be of value for compari- 
son \vir11 previously reported analyses of 
the amino acid composition of whole soy- 
bean protein made mostly by microbio- 
logical methods. Insofar as is knolvn. no 
amino acid analyses of different protein 
fractions from the soybean have been 
made. For the above reasons. the total 
Lvater-soluble protein, the heat-coagu- 
lated fraction of the protein, and the acid- 
precipitated fraction were analyzed for 
their amino acid coritent. 

Materials and Procedurz 

Preparation of Protein Fractions. 
Three prorein isolates were investigated 
for their amino acid composition: the 
total water and dilute alkali-soluble pro- 

tein. hereafter called soluble protein, 
representing more than 95yc of the rota1 
protein in the soybean (70, 72) ; the acid- 
preciFitable protein ( 7 7 ) .  representing 
about 60% of the soluble protein; and 
the heat-coagulable protein of whey (73)> 
Ivhich is 7 to 9Yc of the soluble protein. 

Soluble protein was prepared by ex- 
tracting 20 grams of hexane-defatted 
meal at  room temperature Jvith 400 and 
200 mi. of water successively. then twrice 
more \vith 200 ml. of water adjusted to 
p H  8.0 Lvith sodium hydroxide. The  
combined solutions Lvere dialyzed for 
about 80 hours at  5' C. with several 
changes of distilled Ivater: and the volume 
was reduced by pervaporation at  room 
temperature. This solution \vas dialyzed 
again. further reduced in volume by per- 
vaporation. and finally dried by lyophili- 
zation 

Akid-pi-ecipitated protein was pre- 
pared by a double extraction lvith Lvater 
to meal ratios of 10 to 1 and 5 to I ?  and 

the protein \vas precipitated from the 
combined extracts at  pH 4.4 Lvith hydro- 
chloric acid. The curd \vas \vashed t\vice 
and dried by lyophilization, 

Heat-coagulable protein, sometimes 
called albumin: was prepared from \\-hey 
recovered from the acid-precipitated pro- 
tein. The  whey \vas adjusted to pH 8.0 
to precipitate phosphorous compounds 
(73), heated for 15 minutes at  75' C., 
dialyzed, and then clarified by centrifu- 
gation. \l;hen the solution \vas adjusted 
to p H  5.0. the heat-coagulable protein 
was precipitated, recovered in a centri- 
fuge. and dried by lyophilization. \l'hey 
proteins prepared by minor variations of 
this procedure gave the same amino acid 
composition. 

Elementary Composition of Protein 
Fractions. Table I gives the elementary 
analysis of the protein samples analyzed 
for amino acids. as well as the variety 
of soybeans and crop year from ivhich 
the samples were obtained. Total nitro- 

Table 1. Source and Elementary Composition of Various Protein Samples 
Analyzed 

Percentooen 
Crop 

Variety Y e w  

Lincoln 1952 
Hawkeye 1955 
Lincoln 1952 
Hawkeye 1950 
.\dams 1954 
Adams 1955 
Lincoln 1952 
Calculated on dry basis. 

Nifro- Phor- 
Prepordion gen phorur Sulfur Ash 

Soluble protein 16 1 0 . 5 2  0.93 2 0 
Soluble protein 1 5 . 3  0 .42 0.81 1 9  

Heat-coagulated 16.1 . . .  . . .  
Heat-coagulated 15 9 0 . 0  . .  
Heat-coagulated 1 5 . 9  0 . 0  0 89 0 .1  

Acid-precipitated 16 ,5  1 .2 0 . 9 0  2 6 
Heat-coagulated 1 5 . 9  0.0 1 .05  0 2 

Average values for at least two determinations. 
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