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The effect of water hardness is more pronounced in 
the ease of foam than detersive effects. Figure 5 
shows a change from 50 ppm water hardness as 
CaCOa to 200 ppm produces a delta reflectance of 
approx 0.5 units after three soilings and washings. 
Progressing from 200 ppm to 300 ppm a delta Rd 
value of 4.5 units is indicated. Figure 6 again shows 
the same relationship existing to the towel test as 
previously shown. 

The relationship of detergency to structure of 
straight chain alkyl benzene sulfonates is shown in 
Figure 7. These materials were formulated into a 
typical heavy-duty laundry composition at a 25% 
active ingredient level. It  will be noted that both 
phenyl position and chain length are responsible for 
detergency effectiveness. These relationships are more 
fully diseussed in a paper by Rubinfeld et al. (16). 

Figure 8 was a comparison between a bundle test 
and the screening test with one half the amt of air- 
borne soil and one half the water content. In other 
words 2 g of particulate were added to 500 ml of a 
10% sebum emulsion. The Rd scale on the bottom 
chart is one half of the scale on the upper chart. In 
this eomparison, both redeposition and detergency 
were measured in two products, A and B. Product 
A contained a different redeposition agent than prod- 
uct B. Both tests show approx the same reflectance 
difference between the two products for redeposition 
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and detergency. However, the screening test show the 
fabrics to have a reflectance in the upper forties after 
three washes, while in the bundle test, the clothes 
never go below 80% reflectance after 14 washes. 
Since the bundle test is composed chiefly of t-shirts, 
sheets, pillowcases, etc., one would expect the presence 
of very little particulate. A modification of this test 
will be presented at a later date, in which the par- 
ticulate is omitted from the soiling mixture. This type 
of procedure more closely parallels so-called bundle 
testing. 
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Analyses of Fatty Acid Isomers 
Hydrogenated Soybean Oils' 

m Two Commercially 

E. P. JONES, C. R. SCHOLFIELD, V. L. DAVISON, and H. J. D u T r o N  
Northern Regional Research Laboratory, 2 Peoria, Illinois 

Abstract 
A conventional shortening and a hydrogenated 

winterized oil have been investigated to determine 
their eomposition of natural and isomeric fat ty 
acids. Two solvent systems were applied in coun- 
tereurrent distributions : the aeetonitrile pentane- 
hexane system for separation of monoenoates 
from dienoates and the methanolic silver nitrate 
pentane-hexane system for separation of geomet- 
ric isomers. While cis and trans monoenoates 
were well resolved, the separation of cis,cis from 
cis,trans dienoates was complicated by the pres- 
ence of positional isomers. The fractions isolated 
were oxidatively cleaved, arid the esters of tile 
resultant acids were quantitatively analyzed by 
gas-liquid chromatography. 

Although the amounts of saturated components 
of the two fat products were similar, the per- 
eentage of trans isomers of the shortening was 
more than twice that of the winterized oil. The 
amount of oleic acid (cis-9-oetadeeenoie) was 
19.6% for the shortening and 25.4% for the win- 
terized oil. The shortening eontained 13.3% lin- 
oleie acid (cis,cis-9,12-octadeeadienoic), whereas 
the winterized oil contained 30% linoleic acid. 

Although our primary interest was in the esti- 
mation of cis-9-octadecenoic and cis, eis-9,12-octa- 
decadienoic adds, the completeness of cleavage 

1 Presented at AOCS meeting in New Orleans, :La., Nay ,  1962. 
A labora tory  of the No. Utiliz. Res. and  Dev. ])iv., ARS, USDA. 

data makes it possible to estimate all geometric 
and positional monoenoate and dienoate isomers 
in the two fat products. 

Introduction 
Hydrogenating fats produees many isomerie fat ty 

acids because double bonds migrate and geometrie 
isomers form. To increase our understanding of these 
complex changes, the composition of the unsaturated 
fats in two commercial products was studied and 
eompared. 

The complexity of the fat ty acids formed on par- 
tial hydrogenation of methyl linolenate was described 
in previous studies (11,12,14) in which erystalliza- 
tion and eountercurrent distribution (CCD) with 
aeetonitrile and pentane-hexane and argentation CCD 
were used as fraetionation tools. Kuemnlel (8) in 
196,2 described the use of alumina chromatography 
of mereury aducts of fa t ty  acid esters to perform 
quantitative separation of saturates, monoenoates, 
and polyenoates. 

The use of silver nitrate for the separation of geo- 
metric isomers was initiated by Nichols (10) in 1952, 
but only reeently has it been applied to mixtures 
of model eompounds (4). An argentation CCD sys- 
tem has been described (13) and utilized to study 
partially hydrogenated methyl linolenate (12,14). 

The effectiveness of this CCD system for the anal- 
ysis of two commercially hydrogenated fat products 
is reported here. By applying various procedures to 
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T A B L E  I 

Composi t ion of E s t e r s  of Commerc ia l  F a t  P r o d u c t s  

I t e m  H W V O  H S B O  

10.0 
3.0 

45.6 
39.4 

2.0 
108.5 

0.6 
34.5 
34.3 
15.1 
71.7 

9.7 
4.5 

63.0 
22.8 

0.0 
87.8 

0.4 
13.9 
12.6 
36.8 
45.3 

GLC analys is ,  % .......................................... 
P a l m i t a t e  .................................................. 
S t ea ra t e  ..................................................... 
/~fonoenoate ............................................... 
D ienoa te  .................................................... 
T r i enoa t e  .................................................. 

I o d i n e  va lue  ................................................. 
Co n j u ga t ed  diene, % ..................................... 
Alkali  con jugab le  d i ene ,% ........................... 
L ipox idase  conjugab[e ,  % ............................ 
trt~ns, % ( I so l a t ed )  ...................................... 
Azelaic acid  on cleavage,  mole % ............... 

the fractions, such as oxidative cleavage, infrared 
and ultraviolet speetrophotometry, alkali and lipox- 
idase isomerization methods, and gas-liquid chroma- 
tography (both packed [GLC] and capillary [CGLC] 
columns), an estimate can be made of the amount 
of " n a t u r a l  oleic ac id"  (cis-9-octadecenoic) and of 
"natural linoleie ac id"  (cis,cis-9,12-octadeeadienoic) 
present in the commercial fa t  products. 

M a t e r i a l s  Experimental 
Two commercial fa t  products were studied: a hy- 

drogenated winterized vegetable oil (HWVO) derived 
largely from soybean oil and a hydrogenated soybean 
oil shortening (HSBO) .  These two fats were trans- 
esterified in methanol containing sodium methoxide, 
and the recovered esters were distilled. Analyses of 
these esters are shown in Table I. 
A n a l y t i c a l  P r o c e d u r e s  

The fa t ty  acid composition in Table I are area 
percentages obtained by gas chromatography on a 
packed polyvinyl acetate column with an argon ra- 
dium D detector. National Insti tutes of Heal th  stan- 
dard mixture D (5), when analyzed by this method, 
gave values for  the component esters varying by +2.3 
to -3 .2  from the weight percentages. Iodine values 
and conjugated diene were determined by official 
AOCS methods (2). Alkali isomerizations were run 
43~ hr at 180C to conjugate trans-containing dienoic 
esters (6). Lipoxidase isomerizations were by Mac- 
Gee's procedure (9). Isolated trans bonds were mea- 
sured in CS2 solution at 10.4 ~ from a baseline drawn 
tangent  to the infrared absorption curve at approx- 
imately 9.3 and 10.75 ~. Methyl elaidate was used 
as the standard. 

Azelaie acid (Table I ) ,  as well as other dibasic 
acids in these samples and subsequent fractions, was 
determined by saponifying a small par t  of the esters ; 
the recovered acids were oxidatively cleaned with 
periodate-permanganate (7). Cleaved monobasic and 
dibasic acids were converted to their  methyl esters 
with 10% boron trifluoride as the catalyst. The mix- 

HWVO I J HSBO I 
cis Irons cls trons trons 

_ 0 3  

7o 

6O 

2o 

T A B L E  II 

Composi t ion of F r a c t i o n s  f r o m  CCD 
( P e n t a n e - h e x a n e  acetoni t r i Ie  s:~stem) 

F r a c t i o n  H W V O  

Monoenoato  f rac t ion ,  % 
P a l m i t a t e  ................................................... 17.9 
S tea ra t e  ..................................................... 4.1 
Monenoa te  ................................................. 78.0 
trans ( I so l a t ed )  ........................................ 19.1 

n i e n o a t e  f rac t ion ,  % 
Dienoate ,  GLC .................... i ..................... 100.0 
trans ( I so l a t ed )  ...................................... 11.2 

- 6 $ 10 12 14 6 a 10 12 14 6 8 10 12 14 6 8 10 12 14 6 8 10 12 T4 
Dibasic 

F i e .  1. D i b a s i c  a c i d s  f r o m  c l e a v a g e  o f  cis a n d  ~rans m o n o e n e s  
f r o m  a h y d r o g e n a t e d  w i n t e r i z e d  v e g e t a b l e  o i l  ( t t W V O )  a n d  
a h , v d r o g e n a t e d  s o y b e a n  o i l  ( H S B O ) .  

Vob. 42 

t t S B O  

13.3 
5.5 

81.2 
38.7 

100.0 
26.8 

ture  of monobasie and dibasic esters was analyzed 
by GLC on two substrates in an Aerograph (16) dual 
column temperature  programming instrument.  Pack- 
ings were 25% DEGS and 25% G.E. silicone SF 9~ 
on 60 to 80 mesh Chromosorb W. The columns were 
~.,~ in. diameter aluminum tubing, 6 f t  long, and the 
helium rate was 95 to 100 ml per minute. A par t  of 
each sample of the mixture  of monobasic and dibasic 
acids was also steam-distilled to remove readily vola- 
tile monobasic acids. This precaution was necessary 
because coincident elution of long-chain monoesters 
and short-chain diesters occurs wi th  either polar or 
nonpolar  substrates on GLC analysis. As a check on 
the periodate-permanganate cleavage procedure, one 
monoenoate fraction (trans nlonoenoate of HSBO)  
was also cleaved by Ackman's  (1) ozonization method, 
and the final esters were analyzed by GLC. 

S e p a r a t i o n  o f  M o n o e n o a t e s  a n d  D i e n o a t e s  

The CCD separation procedures used with the es- 
ters were quite similar to those described for  par- 
tially reduced methyl linolenate (12,14). Samples 
(40 ml) of the methyl esters were distributed using 
40 ml of acetonitrile lower phase in each tube and 
10-ml portions of pentane-hexane upper  layer. Sam- 
ples were collected by the single withdrawal tech- 
nique. To obtain sufficient dienoate for the subsequent 
argentation CCD, it was necessary to make four sep- 
arations of the conventional HSBO and to combine 
the dienoate fractions. Analyses of the monoenoate 
and dienoate fractions used for nrgentation CCD are 
shown in Table II.  

A calculation of f a t ty  acid composition made by 
GLC analysis of all CCD fractions and summation 
of the composition of each fraction agree well with 
GLC data in Table I, but  the CCD calculation, which 
is more sensitive for minor components,  shows about 
0.8% trienoate in t tWSO.  

IOOLI HWVO I I HSBO I L cis, cis c/s, cis c/s, trans 
8o II I 

6O 

2O 

O ~ 6 8 10 12 6 8 10 12 6 8 10 12 
Dibasic 

F I G .  2. D i b a s i c  a c i d s  f r o m  c l e a v a g e  o f  cis, cis  a n d  c i s , t rans  
d i e n e s  i n  t w o  d i f f e r e n t  o i l s .  
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TABLE III 

Composi t io~ o f  F r a c t i o n s  f r o m  CCD for  Ox ida t ive  Cleavage  
( A r g e n t a t i o n  sys t em ) 

J O N E S  E T  A L .  : A N A L Y S E S  O F  F A T T Y  A C I D  ~ S O M E R S  

~ r a c t i o n  H W V O  

MOnoene f r a c t i o n s , %  t ci~ t rans  
P a l m i t a t e  . . . . . . . .  . 0 50.1 
Monoenoa te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  [ 106.0 40.9 
t ranv  ................................................... I 0 46.6  
Azelaic  ac id  on cleavage,  mole ........... / 73.7 15.0 

D iene  f rac t ions ,  % cis,cis 
C o n j u g a t e d  d iene  ............................... 6.7 

9 2 . 1  
8 8 , 2  
8 7 . 0  

0 
8 5 . 7  

t t S B O  

0 1 6 . 2  
100.0  83.8 

0 76.9 
59.6 17.9 

CiS,cis ei~,tr~n8 
8.4 10.9 

83.7 65.0 
8 2 . 6  0 . 5  
81.0 1.3 
13.0 95.7 
7 6 . 9  5 1 . 1  

Alkal i  conjugable  d iene  ... . . . . . . . . . . . . . . . . .  
L ipox idase  con jugab le  ....................... 
9 ,12-Dienoate ,  cap i l la ry  G L C  ............. 
t v a n m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Azelaic ac id  on c leavage,  mole .......... 

Argentation CCD 

Geometric isomers were separated by argentation 
CCD to obtain fractions for oxidative cleavage and 
double bond locations. The separation of components 
between 40-ml portions of 0:2 M silver nitrate in 
90% methanol (10% water) and 10-ml portions of 
pentane-hexane was monitored by an automatic re- 
fractive index recording unit (3). With the mono- 
enes, single-tube withdrawal operation and collection 
of saturates were begun after recycling to 650 trans- 
fers. Elution of cis monoenoates was completed after 
960 transfers. The trans and cis monoenoates gave 
well-resolved peaks, which after distillation were sa- 
poaified for subsequent cleavage and double bond 
location. 

Because of the wide range of partition coefficients 
of the dienoic esters, it was not possible to recycle 
them; consequently, separation of the dienoic frac- 
tions was less complete. Analyses of fractions chosen 
for cleavage appear in Table I I I  and results of ox- 
idative cleavage and dibasic acid analysis in Figures 
1 and 2. 

Results  and Discuss ion 
composition of Unfractionated Materials 

Analyses of the esters derived from the two hy- 
drogenated products showed similarities and differ- 
ences. Although GLC (Table I) indicated about the 
same percentage of saturates, HWVO gave lower 
monoenoate but higher dienoate, as well as some tri- 
enoate. The melting range for HWVO acids was 
20-25C and for HSBO acids, 27-32C; moreover, the 
iodine value of ~WVO acids was higher. The salient 
differences were lower trans (as elaidate) and a 
higher isomerizable dienoate for HWVO. The HWVO 
on cleavage gave 71.7 real % azelaie acid, whereas 
the HSBO gave only 45.3 moi %. Lipoxidase isom- 
erization, a measure of cis,cis methylene interrupted 
diene, was in good agreement with alkali isomeriza- 
tion for both products. 

From the acid compositions in Tables I and II  and 
from the cleavage data illustrated in Figures 1 and 
2, we can calculate the amount of various fat ty acids 
in the fats. From H W V 0  as shown in Table II, a 
mouoene fraction was obtained containing 19.1% trans 
esters but which also contained 22% saturated esters. 
Then HWVO monoene contains 19.1 × 1 / ( 1 . 0 0 -  
.22) = 24.5% trans esters and 1 0 0 -  24.5 or 75.5% 
c/s esters. From Table I I I  and Figure 1 cis monene 
has 73.7% of the double bond in the 9,10 position. 
Then 75.5 × 0.737 or 55.6% of the monoene is cis- 
9-oetadecenoate. Since HWVO contains 45.6% mono- 
ene, it follows that 45.6 × 0.556 or 25.4% c/s-9-octa- 
decenoate(oleate) is present in the HWVO esters. 
By a similar calculation HWVO is seen to contain 
0.755 × (1 - 0.737) × 45.6 or 9.1% cis monoene with 
unsaturation at all positions other than the ninth 
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T A B L E  I V  

S u m m a r y  of U n s a t u r a t l o n  i n  Fat  Products; Compa r i son  
w i t h  O r i g i n a l  Ester Analyses 

E s t e r  H W V O  H S B O  

Unsaturation at ca rbon  9 
c/s Monoe~oate  ........................................ 
tr~nm ) / [ o n o e n o a t e  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  
ciS,cls niez loa te  ......................................... 
Mono-trans dienoa te  ................................. 
E x p e r i m e n t a l  total  ................................... 
O r ig ina l  ester total ................................. 

U n s a t u r a t i o n  of all  o ther  carbons 
~iS MonoerLoate ........................................ 
tran~ Monoenoate  ...................................... 
cis,cls D i e , a n t e  ......................................... 
~Ieno-trans dienoat~ ................................. 
Experimental total ................................... 
O r i g i n a l  es te r  total  ................................. 

25.4  
1.7 

30.0 

57.1 
62 .4  

9.1 
9.5 
5.0 

23.6 
24 .6  

19.6 
5.4 

12.8 
3.1 

40.9 
38.9 

1 3 . 3  
2 4 . 7  

3 . 9  
3 . 0  

4 4 . 9  
4 6 . 9  

carbon. The trans monoenes have 15% of the double 
bonds in the 9,10 position so HWVO has 0.245 × 
0.15 × 45.6 or 1.7% trans-9-octadecenoate(elaidate) 
and 0.245 × ( 1 -  0.15) × 45.6 or 9.5% trans mono- 
ene with unsaturation at all other carbons. Similar 
calculations for the amount of cis and trans isomers 
at each double bond position can be made to provide 
a complete analysis of the molloenes in terms of dou- 
ble bond position and geometric configuration. 

Similar calculations can be made for the dienoic 
esters. The diene fraction obtained from HWVO by 
acetonitrile CCD contained 11.2% trans bonds (Ta- 
ble II) .  Because this value is small and because no 
evidence for transflrans esters was found by argen- 
tation CCD this fraction is assumed to represent 
11.2% mono-trans dienoates. Then 100 -- 11.2 ---- 88.8% 
of the dienoate fraction that is the cis,cis form. From 
Table I I I  and Figure 2 cis, c/s-dienoate has 85.7% 
of the double bond nearest the carboxyl in the 9,10 
position; from Table I, HWVO contains 39.4% diene. 
Therefore, HWVO has 0.888 × 0.857 × 39.4 or 31.2% 

,,, ,, ,miH - -  

I I  
I I  

\ 

. . _ . ~ e ~ / .  J ..... I . - °%, ,,,,,,,, 

9:12 9:!5 12:i5 
F I G .  3. S u p e r i m p o s e d  c a p i l l a r y  e h r o m a t o g r a r a s  f o r  cis ,  

t r a n s  H S B O  ( s o l i d  l i n e )  a n d  f o r  c i s , e i s  H W V O  ( b r o k e n  l i n e )  
diene fractions. 



730 T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  CHEI~{ISTS '  ~ O C I E T Y  VOL. 42 

cis,cis-dienoate with double bond nearest  carboxyl 
in 9,10 position. In  argentat ion CCD of H W V O  diane 
no fract ion with more than 54% trans bonds was 
isolated so no suitable fract ion was available for  lo- 
cation of double bond position in mono-trans dienes. 

Calculations were made in the same way for HSBO 
and results for  both fractions are summarized in 
Table IV. 

Compositions were also calculated as above, but  the 
values for  cis and trans monoenes and cis,eis and 
mono-trans dienes are based on analysis of argenta-  
tion CCD fractions and summation of the values for 
all fractions. These compositions cheek closely those 
given in Table IV. Argenta t ion  CCD does show the 
presence of small amounts of slow-moving dienes of 
the 9,15 type amount ing to about 1.7% in H W V O  
and less than 0.1% in HSBO.  

F r o m  the sa turated ester and cleavage da ta  in 
Table I the temninal nnsa tura t ion  in the original 
ester at  carbon 9 may  be readily calculated. 
For  H W V O  : 

Unsatura t ion 
at  carbon 9 = (71.7) (0.87) or 62.4% 

Unsatura t ion 
at  all 
other carbons = ( 1 0 0 . 0 - 7 1 . 7 )  (0.87) (~r 24.6% 

Similarly, we may  calculate the unsa tura t ion  for  the 
I I S B 0  original ester. Table I shows 45.3 tool % 
azelaic acid af ter  cleavage at a saturate  value of 
14.2%, and includes all calculated values:  

Terminal  
unsatura t ion 
at carbon 9 = (45.3) (0.858) or 38.9% 

Terminal  
unsa tura t ion  
at all 
other carbons = ( 1 0 0 . 0 -  45.3) (0.858) or 46.9% 

These calculated percentages agree with the sum of 
the unsa tura t ion  for all isomers as shown in Table 
IV. The slightly high original ester totals for H W V O  
are caused in pa r t  by exclusion of any  value for  
mono-trans dienoates or for  linolenate f rom the 
summations. 

The values for  9,12-dienoates by capi l lary GLC in 
Table I I I  were obtained with a 200 f t x  0.01 in 
Apiezon L column. The type  of separat ions obtained 
is i l lustrated in F igure  3, which depicts two super- 
imposed CGLC ehromatograms.  The solid curve cor- 
responds to the cis,tra~s-dienoate fract ion f rom HSBO 
containing 95.7% trans, and the broken curve is for  
a eis,cis-dienoate fract ion containing no trans. Emer-  
gence positions for  a s tandard  cis,cis mixture  of ap- 
proximate ly  equal par ts  of 9,12-, 9,15-, and 12,15- 
dienoates are indicated on the abscissa. Peak posi- 
tions for the samples involved were reproducible.  
The cis, cis f ract ion contained only 9,12-dienoate. The 
cis,trans f ract ion contained a very  small amount  of 
cis,ds-9,12-dienoate; a slightly larger  anlount of cis, 
cis-12,15-dienoate; and two other unknown compon- 
ents, probably  isomeric cis,trans dienoates. 

Conjugated diane was appreciable for  both the cis, 
c/s-dienoate and the cis,trans-dienoate fract ions (Ta- 
ble I I ) ,  as contrasted with the small amount  in the 
original shorte~ings. Alkali and lipoxidase isomeri- 
zations and CGLC analysis f o r  cis,cis-9,12-dienoate 
were in good agreement  for  both hydrogenated prod- 

nets. Lipoxidase isomerization for the I tSBO dienoate 
was negligible at a trans value of 95.7% and increased 
with decreasing" trans content. 

Although our chief interest  was to estimate the 
amounts of " n a t u r a l "  oleic and " n a t u r a l "  linoleie 
acid in tile two fat  products,  we can use our cleavage 
data (Fig. 1) to calculate the amount  of any  cis 
or tra.ns isomeric monoenoate present  in them merely 
by insert ing the amount  of dibasic acid. F o r  example, 
the percentage of dodeeane dicarboxylie acid (C-12) 
for the eis and trans monoenoate fract ions for H W V O  
is G'.0 and 11.0%, respectively. Inclusion of these 
values in our calculations gave 2.1 and 1.2% for  the 
cis and tra:ns monoenoate at  carbon 12: 

cis Unsaturat ion at 
carbon 12 = (0.060) (70.56) (0.465) or 2.1% 

tra ns Unsatura t ion  at  
carbon 12 = (0.110) (23.44) (0.456) or 1.2%. 

Similar calculations may  be per formed to establish 
the positions of the unsa tura ted  bonds nearest  the 
earboxyl for  cis,cis-dienoate and for  cis,trans-dienoate. 

The amount  of na tura l  linoleic acid (cis,cis-9,12- 
oeatadecadienoie acid) in the hmnan  diet is impor tan t  
to know because of its reported role in atherosclerosis 
and as an essential f a t t y  acid. The values for  linoleic 
acid reported here must  not be considered as final. 
As demonstrated,  the usual GLC analysis does not 
distinguish isomeric octadecadienoates f rom t rue  lino- 
leic acid. Alkali  isomerization is more specific and 
measures pr incipal ly  pentadiene systems regardless 
of their  relative position in the molecule, and to some 
extent irrespective of the configuration of double 
bonds. Lipoxidase isomerization has the advantage 
of measuring only cis,cis-pentadiene systems but, for  
example, includes 12,15-dienoates along with linoieic 
acid. CGLC does distinguish linoleie acid f rom the 
9,15 and the 12,15-isomers but still probably  gives 
a maximum value for linoleic acid. All these mea- 
sures of t rue linoleic acid become more specific when 
preceded by argenta t ion CCD and when combined 
with a knowledge of the percentage of azelaie and 
other dibasic acids a f te r  double bond cleavage. Al- 
though the present  procedures are obviously too in- 
volved for routine application, s impl i fying and de- 
veloping the general procedure may  result  in a 
practical  method for determining na tura l  linoleie 
acid. 
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