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Abstract

The composition of commercial corn oil from
USA corn is remarkably constant. A total of 103
samples of refined corn oil produced over a period
of 2.5 years were analyzed by the alkali isomeriza-
tion proeedure. Nearly 86% of the samples had
an iodine value (LV.) within one unit of the aver-
age value, 123.6, Linoleic content on a fatty
acid basis, averaged 55.5% ; 93% of the values
were within two units of this value. All samples
contained small amts of linolenic acid. This uni-
formity undoubtedly results from the system of
corn marketing and buying which brings grain
from the entire corn belt to the processing plants,

A number of corn oils were analyzed by GLC.
The average linoleie acid content by this method
was ca. 2.5 units higher than that found by the
isomerization method. This difference may occur
because GLC responds to all C-18 dienes equally
while the alkali isomerization method responds
only to conjugatable dienes. Possible sources of
error in both methods of fatty acid analysis are
disenssed.

Corn oil samples taken over a 16-month period
were analyzed by GLC. Average values were:

v Constituent fatty acids (9%, fatty acid basis)
(Wijs) ©-16:0  C-18:0  C-18:1  €-18:2  €-18:3  (-20:0
1244  11.5 2.2 26.6 58,7 0.8 0,2

Although much of our experience has been with
the alkali isomerization method, the GLC tech-
nique is preferred because it is simpler and yields
more information on fatty acid eomposition. An-
other important advantage is that determination
of the V. of the oil serves as a check on GLC re-
sults. The I.V. calculated from the GLC results,
making allowance for 1.25% unsaponifiables in the
case of corn oil, should be within a few units of the
Wijs value.

Oils derived commercially from corns grown
in other countries are generally more saturated
than those from USA corn. The I.V. of the sam-
ples examined varied from 107-125, the linoleic
acid contents from 42-56%. The relationship be-
tween 1V. and lincleic acid content established
by others from hybrid eorns holds fairly well for
these samples.

Introduction

HE DEGREE OF UNSATURATION of o0il from corn germ

varies considerably. AOCS tabulation of ‘‘Physi-
cal and Chemical Characteristics of Oils, Fats and
Waxes”” shows a spread of 110-128 in LV. (1).
much greater spread was found by Lofland et al. (2)
on examination of strains of corn used in breeding
programs. 1.V, of the oils extracted from these corns
varied from 88-147 and the linoleic acid content from
ca. 20-70%. L1.V. of the oils from the most common
inbreds used by midwestern corn breeders ranged
from 111-151 (3). This difference is reflected in the
I.V. of the oils from 25 commercial midwestern hy-
brid corns which have been found to vary from 115-
130 (4).

Despite this wide variation in the degree of unsatu-
ration of corn oil from the individual hybrids, com-
mercially available corn oil from midwestern corn
{the pre-eminent USA source) is of relatively uniform
composition. The purpose of this paper is to offer
evidence to support this statement, to discuss methods
of fatty acid analysis and possible sources of error,
and to show that corn oils derived from corn grown
in other parts of the world may differ greatly in com-
position from that grown in the Midwest.

Considerable information has been published on the
composition of commercially available domestic corn
oil. These data were reviewed and a number of analy-
ses, including some extreme values, are cited in Table
I. Some values are from work in which the sources of
the corn oil are not clearly identified but were most
likely domestic.

While these literature values will be discussed later,
several observations are at once evident. The bulk
of the results by all three of the analytical methods
(methyl ester distillation, alkali isomerization and
GLC) are quite similar for the principal fatty acids.
Palmitoleic acid, almost invariably found by methyl
ester distillation, was reported by only one of these
investigators using GLC. Linolenic acid is almost al-
ways reported in results obtained in GLC and alkali
isomerization. Results by the last two methods are in
fair agreement.

Analytical Methods

Alkalt Isomerization. Exlreme eare is required in
carrying ont the isomerization technique in order to
obtain reproducible results. The method used in this
laboratory is essentially that of Brice and Swain
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TABLE I

Fatty Acid Composition of Corn Oil from USA Corn-—Various References

1.vV. Congtituent fatty acids (%, fatty acid basis)
Method of analysis Total Reference
Wijs Cale. . . . . . ora . . . .
0-12:0 G-14:0 (-16:0 (-18:0 (-20:0 saturates C-16:1 (-18:1 C-18:2 (-18:3
Me ester distillation....... 1.4 16.2 3.0 14.8 1.5 49.6 34.4 5
Me ester distillation....... 0.5 9.7 3.6 13.8 0.2 30.4 56.6 6
Me ester distillation. 0.2 9.9 2.9 0.2 13.2 0.5 30.1 56.2 0.0 7
Me ester distillation. 01 81 2.5 107 12 3001 56.3 8
Isomerization.... 14.72 85.9 47.7 1.7 9
Isomerization. e 52 O 10
Isomerization. 9.0 36.1 54.9 12
Isomerization. 12.5 27.1 55.0 0.5 13
Isomerization. 8.8 35.5 55.7 12
Isomerization...............| ...t | 55.9 0.7 11
Isomerization. 18.5 28.9 56.8 0.6 14
Isomerization ... 10.8 32.9 56.8 15
Isomerization®., 56.8 0.7 16
Isomerization 57.2 0.4 17
GLC.... 117.4 0.1 0.3 12.7 2.7 15.8 30.7 53.5 19
GLO. 1185 13 2 15 31 54 20
GLC. 117.3 0.4 0.2 13.0 2.8 15.9 28.8 54.4 21
GLO. 1253 10.7 3.2 13.9 28.4 54.7 3.0 22
GLO 1219 14,32 297 54.8 1.2 9
GLC 1208 13.3 1.6 149 28.7 56.2 0.2 23
GLO 123.4 17 17 13.4 0.3 28.6 57.0 0.7 16
GLC. 125.0 0.0 10.7 2.0 12.7 0.0 29.1 57.2 1.0 24
GLO 123.6 12.4 1.7 141 27.7 57.4 0.8 25
GLC. 125.3 0.2 12.2 0.7 13.1 26.9 60.0 26
GLC 126.4 100 2.7 12.7 26.7 60.3 0.3 27
GLC o T 135.7 8.3 13 9.6 23.3 66.5 0.9 18
2 Caleculated from this author’s results,
b Isomerized, using potassium tertiary butoxide reagent.
(28,29,30) in which isomerization is conducted at the alkaline glycerol solution by removing the tube
180 =+ 0.5C for 45 min in an 11% solution of potas- from the bath 60 sec after the sample has been intro-
sium hydroxide in glycerol. The equations used to duced, placing it in a tube mixer for 60 sec, then
determine fatty acid composition are those given in replacing the tube in the bath for 60 sec. This proce-
the 1952 article. dure is then repeated and the sample tube reintro-
Several precautions are necessary for reproducible duced into the bath. By the end of the second mixing
results. Time and temp of isomerization must be the sample should be clear, indicating that saponi-
closely controlled as well as sample size and mixing fication is underway. The bath temp must be con-
of sample and reagent. Isomerization time (45 min) trolled within +0.5C. A high temp thermistor in
is controlled in our laboratory to within ==0.5 min. conjunction with an electronic controller has proven
The alkaline glycerol solution is held at 180C for satisfactory. Good agitation of the bath is essential.
20 =+ 1 min prior to sample introduction. A 100 + 1- These precautions are probably useful in the analysis
mg sample is used for corn oil. The oil is stirred into of all polyunsaturated vegetable oils.
TABLE II
Fatty Acid Composition of Refined Corn Oil by Alkali Isomerization and by GLC
V. Alkali isomerization # GLC2
Date oil processed — Total Total
Wijs Gale. loaturates ©-18:1  ©-18:2 C-18:3| C-16:0 (-18:0 C-20:0 saturates C-18:1 €-18:2 C-18:3
BoBL oo, 194.2 11.5 2.3 0.4 14.2 26.8 57.6 1.2
462 e 123.7 125.4 14.4 29.0 55.8 0.7 11.4 1.9 0.3 13.6 27.2 58.7 0.8
125.0 114 2.3 0.2 1319 271 58.5 0.8
662 124.0 1254 14.2 29.0 55.8 08 | 113 19 13.2 27.3 58.8 0.7
13.5 30.3 55.3 0.8
13.0 31.0 55.4 0.5
. T 124.3 125.6 13.9 29.1 56.3 07 | 11.4 1.8 13.2 27.1 59.2 0.6
13.6 29.6 56.2 0.6
862, 123.7 125.2 14.3 291 55.8 0.7 | 11.2 2.1 13.3 27.4 58.5 0.8
14.5 28.7 56.1 0.7
L. S 124.0 125.2 138 29.7 558 0.7 | 111 1.8 12.9 27.6 58.4 0.8
142 28.8 56.3 0.6
B-62. i 128.9 1247 14.2 29.1 55.9 0.7 11.6 1.8 13.4 27.5 58.8 0.7
148 27.8 56.7 0.6
862 128.7 124.6 14.4 289 56.0 0.7 | 115 2.3 13.8 27.4 58.0 0.9
14.8 28.0 56.5 0.6
862 124.2 126.0 14.2 28.6 56.5 07 | 111 1.9 13.0 27.3 59.0 0.8
14.1 28.8 56.4 0.6
862 oonr e 124.5 126.1 134 29.9 56.0 0.7 | 112 1.6 12.8 27.5 58.8 0.9
13.5 29'8 56.1 0.7
BeB2..eoirreers e 124.0 125.6 144 28.6 56.0 0.9 | 11.4 1.8 13.2 27.1 58,9 0.8
143 28.8 56.1 0.8
B-B2. .. 1241 125.4 14,3 28.8 56.0 0.8 11.6 1.7 13.3 27.2 58.7 0.8
1300 29.5 55.8 0.8
8-62.. e 124.0 126.0 1473 29.2 55.8 08 | 114 1.6 13.0 27.3 59.0 0.8
13.8 29.9 555 0.8
13.8 29.9 55.5 0.8
10-62. e 128.7 124.6 14.5 28.8 56.0 0.7 | 114 2.2 0.2 13.8 26.9 58,7 0.6
1242 11.6 2.4 0.2 14.2 26.5 58.5 0.7
263, 124.1 124.6 14.2 28.8 56.3 0.7 11.6 2.8 0.2 14.1 26.5 58.6 0.8
124.7 1156 2.2 0.2 13.9 26.7 58.7 0.7
B-B3. s 1244 125.5 14.5 27.9 56.9 0.7 114 2.1 0.2 13.7 26.4 59.2 0.7
126.3 115 2.3 0.2 14.0 26.6 59.7 0.7
124.5 126.5 11,7 2.3 02 141 261 59.6 1.0
124.5 125.1 11.8 2.2 0.2 142 26.4 58.9 0.8
125.0 125.7 11.4 1.9 0.3 13.6 26.1 59.4 0.8
125.0 125.9 115 2.3 0.2 14.0 26.2 59.2 1.0
124.0 125.2 11,7 2.3 0.2 142 26.0 59.0 0.9

s Results expressed as 9%, fatty acid basis.
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Under these conditions ind, of course, otherwise ad-
hering strictly to the pwuslished procedure, excellent
reproducibility was obtaiided. Results of replicate de-
terminations on 11 finighed corn oil samples are shown
in Table II. Although most of these samples were
taken during Aug. 1962, no two samples were taken
on the same day. The max difference in linoleic acid
content between replicate determinations is 0.8%.

Gas-Liquid Chromatography. GLC has been widely
applied to determine the fatty acid composition of
corn oil. Much of the popularity of this method
is due to its apparent simplicity. However, our ex-
perience indicates that many pitfalls await even the
skilled analyst.

All GLC analyses reported here were carried out
on a Beckman Gas Chromatograph, Model GC-2A,
equipped with a mechanical integrator (Dise Instru-
ments, Ine.) and a flame ionization detector. The
copper column (0.25 in x 7.5 ft) was packed with
diethylene glycol succinate (20% ) on 60/80-mesh, acid
washed Chromosorb W and was operated at 194C with
a helium flow rate of 106 ml/ min measured at 194C.
A 0.8-mg sample was used. These operating parame-
ters permitted complete resolution of all components
of interest so that all peak areas could be measured
with the integrator. The instrument was standardized
with a known mixture of pure methyl esters simulating
the composition of corn oil. The pure compounds
were purchased either from Liachat Chemieals, Inc. or
from Applied Science Liaboratories,

Two major problems were encountered in applying
the GLC method to corn oil: the preparation of the
methyl esters for injection into the columm, and
column carry-over. Although sodium methoxide cata-
lyzed methyl transesterification has been widely used
to prepare glycerides for GLC (31), application to
corn oil led to incomplete reaction. Reaction under
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rigorously anhydrous conditions gave 93% yields of
methyl esters from ecorn oil. The method finally
adopted was one in which ca. 0.8 g of corn oil is
saponified with aleoholic potassium hydroxide solu-
tion and evaporated as described by Benedict (32)
except that no benzene is added. The soaps are dis-
solved in water, acidified with 1.0 ¥ HCl and the
fatty acids extracted with petroleum ether. After
removal of the solvent under a stream of nitrogen,
the fatty acids are esterified with boron trifluoride-
methanol reagent using a 15-min reaction time and the
esters then recovered by petroleum ether extraction
(33). The solvent is again evaporated under nifrogen
and the methyl esters are dissolved in xylene to form
ca. an 8% solution.

Analysis of pure triglyceride mixtures by this
method showed that methyl esterification was ea. 97%
complete. The recovered methyl esters were found to
have the same fatty acid composition as the original
triglycerides. Similarly high yields of methyl esters
were attained on application of this method to corn oil.

Possibly the most serious source of error in GLC
work is carry-over (34). This is a poorly understood
phenomenon in which components from a previous
analysis remain on the column and appear as con-
stituents in subsequent analyses. Carry-over presents
a particularly difficult problem in the analysis of
fatty acids present in only small quantities. For ex-
ample, on one oceasion a polyester column was stand-
ardized using a methyl ester mixture containing 33%
methyl arachidate. The undiluted esters were injected
into the instrument. A sample of corn oil was analyzed
next and found to contain 3.1% arachidic acid. Re-
peated analyses after this anomalous result showed
the arachidie acid content of this sample to be only
04%.

By standardizing daily with a methyl ester mixture
of composition similar to that of eorn oil, column
carry-over is minimized or at least recognized. The
known mixture is injected into the column as an 8%
solution in xylene. Injection of undiluted methyl
esters increased carry-over. Although our experience
is largely with corn oil, the same precautions undoubt-
edly are desirable in the analysis of other oils.

All fatty acids analyses are expressed on a fatty
acid basis. In caleulating the 1.V. of the oil from GLC
fatty acid analysis, a factor of 0.9435 was used which
accounts for the conversion of the fatty acids to glye-
erides and the presence of 1.25% unsaponifiables in
corn oil.

The results of a number of GLC analyses of corn
oil are given in Table II and are in fair agreement
with results obtained by the alkali isomerization
method.

Phosphorus. AOCS Official Method Ca 12-55 is used
with the following exeeption: The phosphomolybdate
is reduced in HySO, with ascorbic acid.

Color-Spectrophotometric. Crude corn oil is diluted
1:10 (v/v) with carbon tetrachloride and the differ-
ence hetween the absorbance af 450 mp and 600 mp/
em, multiplied by 1000, is reported as the color.

Refining-Chromatographic. AOCS Official Method
Ca 9f-57.

Iodine Value. AOCS Official Method Cd 1-25.

Free Fatty Acids. AOCS Official Method Ca 5a-40.

Unsaponifiable. AOCS Official Method Ca 6a-40.

Oil. Corn, ground through a 1-mm sereen (Wiley
mill), is dried at 100C in a vacuum oven for one hr,
than a 5-g sample extracted with earbon tetrachloride
for 24 hr in a modified Butt extractor.
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Results and Discussion

USA Odl. Over a period of about 2.5 years, 103
samples of finished corn oil were taken at irregular in-
tervals and their fatty acid composition determined
by the alkali isomerization method. Most of these
samples were of oil processed at the Argo plant of
the Corn Products Co.; some were of oil processed at
the Bayonne or San Francisco plants. Results are
shown in Figure 1.

The composition of eorn oil over this period was
quite constant. The 1.V, averaged 123.6 ranging from
120.2-126.3 with 85% of the values falling between
122.6-124.5. The same narrow distribution is evident
in the linoleic acid contents. The average is 55.5 and
the range from 53.1-58.6%, but 93% of the samples
fell within the 53.6-57.5% range. The values for satu-
rated fatty acids and for oleic acid show considerable
spread around their averages of 14.1 and 29.7%, re-
speetively. This is to be expected as these values re-
flect errors both in the determination of 1.V. and lino-
leic acid content. lLinolenic acid was found in all
samples. The average value is 0.6% ; the range is from
0.1-0.9%. Approx 0.1% conjugated triene is present
in all samples.

The true ranges of the fatty acid composition of
these oils are probably narrower than indicated by
these data since some of the early samples were ana-
lyzed before the mneed for the precautions discussed
earlier was appreciated. The values obtained over this
2.5-year perlod by alkali isomerization are in good
agreement with those reported in the literature (Table
1) determined by the same method. Only two of the
linoleic acid and two of the linolenic acid values cited
are outside the range of those reported here.

As must be expected of natural products, some vari-
ations in the 1.V, of corn oil may oceur over a period
of several years. The average 1.V, of 72 samples taken
over 18 months during 1957 and 1958 was 125.4. This
is not too different from 123.6, the value obtained more
recently.

Although the GLC data are in fair agreement with
the results obtained by alkali isomerization, significant
differences are apparent on close examination. Fifteen
of the corn oil samples shown in Table 11 were analyzed
by both methods and the average results are shown
below:

BespLe mr aL.: CoMposITION OF CorN OIL 93
v Constituent fatty acids (%, fatty acid basis)
e Tigtal . ; . : :
Wijs Cale. Saturates Oleic Linoleic Linolenic
Alkali isom. 1240 ... 14.2 . 29.1 56.1 0.7
GLC .. 125.7 13.4 27.2 58.7 0.8

Most important is the difference in linoleic acid
content. Ca. 2.5% (based on oil wt) more linoleic
acid is found in corn oil by GLC analysis than by
alkali isomerization. Both the content of oleic acid
and that of total saturated fatty acids are lower by
GLC than by alkali isomerization. Linolenic acid
contents are the same by both methods. Although the
1V. calculated from the GI.C data are counsistently
higher than those obtained by the Wijs method, the
difference is small and of doubtful significance.

The differences found in the linoleic acid content
of corn oil by these two methods are not in aceord with
the experience of some other investigators analyzing
similar oils. Kauffman et al. (35) found good agree-
ment between the results by these methods when
determining the linoleic acid content of cottonseed and
soybean oils (oils similar to corn in lincleic content).
Excellent agreement between the two methods was
obtained by Herb et al. (36) on analysis of sesame oil
and safflower oil. French (9) applied the two methods
to a variety of oils and showed generally good agree-
ment between the two. Corn oil was one of the ex-
ceptions. The reported linoleic acid content was 54.8%
by GLC and 47.7% by alkali isomerization. However,
the 1.V. by the AOCS method agreed well with that
calculated from the GLC data. After examining soy-
bean, sunflower and corn oil, Craig and Murty (37)
concluded that there was fair agreement between 1.V.
as determined by the Wijs method and that caleulated
from GLC data. There were, however, very significant
differences in fatty acid composition by the two meth-
ods. The data of Wolff from the analysis of 10 samples
of corn oil by both methods show good agreement for
linoleic acid contents (39).

Recently, Sreenivasan et al. (16) showed that not
all the C-18 dienes in corn oil were the 9,12-isomers.
These authors show that 3.9% of the linoleic acid in
corn oil was not conjugated after heating at 180C for
25 min in the ethylene glycol-potassium hydroxide
reagent. Some evidence is presented to indicate that
a diene with the first double bond at C-11 position is
present.

) TABLE IIT
Properties of Various Commercial Corn Samples and of the Crude Oils Derived Therefrom

Oil properties
Oil in
Origin of corn Color Type kernel FFA Unsapona- Phos-
(% d.b.) LY. Colora (% as fiable phorus
oleic) (%) (%)

‘White Dent 4.9 107.6 97 | b

‘White Dent 4.9 107.6 17 4 .| e e

‘White Dent 4.9 108.4 189 1.56 1.39 0.067

) ‘White Dent 5.2 111.6 86 1.60 1.42 0.056

So. Africa... White Dent 4.2 111.8 96 1.58 1.47 0.047
No. Ameriea... ‘White Dent 5.9 114.5 108 1.86 1.21

SA White Dent 48 119.1 128 | ... 1.48 0.031

‘White Dent 4.2 122.9 144 2.07 1.44 0.0587

‘White Flint 5.2 110.4 5% A AU EUUUR B

White Flint 4.3 110.5 117 2.40 1.48 0.031

White Flint 4.8 111.5 145 1.46 1.05 0.068

White Flint 5.5 1141 96 2.00 1.61 0.046

‘White Flint 5.1 114.5 30 L ... L b
Yellow Flint 4.8 110.4 202 1 ..
£ Yellow Flint 5.0 113.3 208 1.96 1.43
Argentina. Yellow Flint 5.2 124.2 208 | L.
Yugoslavia. Yellow Dent 4.9 114.5 260 | .. .
Yugoslavia..... Yellow Dent 4.9 128.4 266 | ... .
France.......... Yellow Dent 4.7 123.7 234 1.88 1.33
USA (ecorn belt)?.. Yellow Dent 4.8 1254 | ... 2.71 1.25
Mexico (Jalisco)... White Dent 110.4 144 1.82 1.22
Brazil ..ot e b 112.5 416 2.20 1.86
Colombia......cocvvviiiiiiiininivnn| e L 118.4 210 2.70 1
Brazil....oooiivenin | e L 113.6 304 2.69 1.46
Brazil..cccooivieiiiniiiieiin | s 113.9 323 2.00 2.07
Colombig.....ccoovvieiiiiiiinininesennen e | 115.4 220 5.12 1.88
Ao | White | 121.6 99 1,10 1.26

a Spectrophotometric,

b Average of oil produced in 1957 and 1958 at Argo, Il plant, Corn Products Co. as judged by the analysis of 72 samples taken over this period.
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TABLE IV
Fatty Acid Composition of Some Foreign Corn Oils

Qil properties
Kernel properties
Origin oilb Constituent fatty acid (% fatty acid basis) 2
LV
* Total . .
Celor Type saturates ¢-18:1 ¢-18:2
MEXLCO. ettt ‘White Dent Crude 110.4 14.1 43.9 42.0
Refined 110.4 15.3 41.5 43.2
ANZOLA. oot ‘White Flint Crude 111.5 15.8 39.3 44.9
. Refined 112.6 15.7 38.2 46.1
B0, ALTICA ..ot vevtiiieeee e, ‘White Dent Crude 111.8 14.7 41.1 44.2
. Refined 112.6 15.1 39.5 45.4
Brazil........ooooooiiiieniii e L Crude 113.6 16.0 36.5 47.5
T R Refined 113.6 15.2 38.1 46.7
NO. AMETICR ot ‘White Dent Crude 114.5 16.1 85.8 48.6
s Refined 115.0 14.7 37.4 47.9
Colombia. ..o L Crude 115.4 16.1 34.2 49.7
Refined 116.4 14.9 356.5 49.6
FLBICE..coooeir oo Yellow Dent Crude 128.7 12.8 31.8 55.9
Refined 123.9 12.9 30.8 58.8

a Determined by alkali isomerization.

P Refined oil prepared from crude by chromatography on alumina column (Official Method Ca 9£-57).

The occurrence of such dienes presents a ready ex-
planation for our findings. The GLC linoleic acid
values include all the C-18 dienes since these are not
separated on packed polyester columns of this length
(7.5 ft). On the other hand, the isomerization method
has been standardized using cis, ¢is-9,12-octadecadie-
noic acid and, although other spatial and positional
isomers may conjugate under the influence of alkali,
the degree of conjugation is not the same as that of
the cis, ¢is-9,12 compound. Thus the alkali isomeriza-
tion results correspond approx to the content of cis,
cis-9,12-octadecadienoic acid.

It seems likely that the same situation exists with
regard to the analysis of oils other than ecorn oil.
Sreenivasan et al, found 3.2% nonconjugatable (-18
diene in cottonseed oil and 2.5% in safflower oil.

The GLC conditions generally used in this labora-
tory are such that the minor constituents are not ob-
served. However, by decreasing the attenuation at
the appropriate times, the fatty acids present in only
small amt can be quantitatively determined. Laurie,
myristie, palmitoleic and arachidie acids have been
found when the appropriate GLC operating conditions
have been used. Typical results for the first three of
these acids are shown below:

Fatty acids ( %, fatty acid basis)

Sample ¢-12:0 C-14:0 ¢-16:1
A 0.015 0.016 0.06
B 0.006 0.055 0.1
C 0.013 0.014 0.1

Values for arachidic are shown in Table I1. They
range from 0.2-0.4%. Baldwin and Sniegowski (7)
using the distillation technique found 0.2% arachidic
acid in corn oil.

Laurie, myristie, palmitoleic and arachidic aecids
were present in all corn oils examined. Analysis by the
methyl ester distillation technique regularly showed
the presence of palmitoleic acid (Table 1). Our re-
sults confirm this earlier work.

There is little doubt that linolenic acid is a con-
stituent of corn oil. Crespo (38) has isolated a
hexabromostearic acid from Argentine corn oil after
appropriate manipulation.

From December, 1962 until March, 1964 samples
of corn oil were obtained every three months and
analyzed by GLC. A total of 42 samples were exam-
ined. The average results are shown below:

v Constituent fatty acids ( %, fatty acid basis)
(Wijs) ©16:0 C-18:0 C-18:1  C-18:2  C-18:3  ©-=20:0
124.4 11.5 2.2 26.6 58.7 0.8 0.2

As in the case of the samples analyzed by the alkali
isomerization procedure, these also showed remarkably
little variation; for example the LV. ranged from
123.7-125.5, the dienoic acids from 57.8-60.1%.

With few exceptions, our results agree fairly well
with those reported in the literature (Table I) for
USA corn oil. The linoleic acid values reported by
Longenecker (5) and French (9) seem low as judged
by our experience. The value for this acid reported by
Fleischman et al. (18) appears too high.

Imported Corn Oil. While oil prepared from com-
mercially available midwestern corn is of relatively
constant composition, that derived from corn grown
in other parts of the world varies cousiderably. To
determine the degree of this variation, samples of
erude oil were obtained from corn wet milling plants
throughout the world. These planfs separate corn
into its components by the same process used in this
country., Many varieties of corn are processed. Some
plants purchase corn on the world market, other proe-
ess only locally grown corn. Since we hope to relate
corn oil properties to the type of corn and the eountry
of origin, samples of corn and of the erude oil derived
from them were obtained from plants outside the USA.
The samples were taken only when the plant had been
running on a single kind of corn for some fime, In
all cases the oil was expressed from the dried wet
milled corn germ by mechanical screw presses. This
group of samples, then, is representative of commer-
cially produced oils from coruns which are grown on a
large seale in various parts of the world.

Surprisingly, the ranges of protein and oil contents
of these kernels (9.1-10.8% and 4.2-5.7%, respec-
tively) were well within those of USA grown corns.
The most significant variation was found in crude oil
properties, particularly in ijodine value. The latter
ranged from 107.6-124.2 (Table III). This variation
may result from genetic characteristics or climatic
conditions which exert a considerable influence on
LV. (2,15,40,41).

As might be anticipated, crude oil from yellow corn
is appreciably darker colored than that from white

TABLE V

Relationship Between 1.V. and Linoleic Acid Content of
Corn Oils—Regression Fguation Constanis

Constants* Standard
Sourece of data deviation
a b (o)
This report, crude oils ...l —66.4 1.00 1.1
Sniegowski and Baldwin (15)........... .. | —61.1 0.91 1.0
Lofland, Quackenbush and Brunson (2) .. | —57.4 0.87 3.0
This report, refined oils ... —61.8 0.95 0.32

a For equation y = a -+ bx where y = percentage linoleic acid on fatty
acid basis and x=1LV.
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TABLE VI
Patty Acid Composition of Imported Corn Oils

CompostTion OF CorN OIL

iv. Constituent fatty acids ( % fatty aeid basis)
Origin of oil ss o of%;t&;%is Total
Wijs | Cale. 012:0  ©-14:0  C-16:0 C-18:0 (-20:0 saturates C-18:1 (-18:2 C-18:3
Germany ..... 125.9 | GLO 0.006 0.064 11.3 2.3 0.4 14.1 26.9 56.3 2.7
124.8 Isomerization 13.4 30.3 54.8 1.4
Germany ... 125.2 GLC 0.009 0.028 11.1 2.1 0.4 13.6 26.6 57.7 1.6
125.0 Isomerization 14.7 27.6 56.3 1.4
Germany 125.5 | GLC 0.011 0.014 11.2 2.1 0.4 13.7 26.7 57.2 2.0
124.8 Isomerization 141 29.0 55.6 1.4
Germany.........ccoooeeinnn 126.4 GLC 0.015 0.016 11.1 2.1 0.3 13.5 26.7 58.2 1.7
125.3 Isomerization 14.7 27.3 55.5 1.5
125.1 GLC 1 s i1.0 2.1 0.3 13.4 27.4 58.0 1.1
128.9 Isomerization 131 31.5 51.5 6.9
113 114.4 GLC 0.023 0.042 18.7 2.4 0.5 16.7 82.4 49.1 1.2
- 109 1101 GLC 0.024 0.042 12.6 3.9 0.6 17.1 37.2 44.3 1.1
Colombia 1149 113.6 GLC b . 14.9 1.2 0.2 16.3 34.3 48.6 0.8

corn despite the effect of oil recovery methods (Table
IT). The free fatty acid content of these oils is within
normal limits except for one sample from Colombia
which was unusually high (5.1%). Again with one
or two exceptions both unsaponifiable and phosphorus
contents were in the usual range.

Imported oils are of ca. the same phosphorus con-
tent as USA oils but of slightly higher unsaponifiables
content. Seventy-two samples of crude USA corn oil
were analyzed in 1957 and 1958 (Table I11). Un-
saponifiables averaged 1.25%, ranging from 1.00-
1.47%. Corresponding values for phosphorus content
are 0.054% and 0.038-0.070%.

Evidence in the literature indieates that as the
L.V. of eorn oil declines, its linoleic acid content like-
wise declines. This relationship is based on the analy-
sis of various hybrids of widely different oil content
(2,15). The fatty acid compositions of seven samples
of imported corn oil as determined by the alkali
isomerization method are given in Table IV. In spite
of the divergent genetic background and climatic con-
ditions under which these samples were grown, about
the same relationship between linoleie acid content and
LV. holds for these samples as for those where genetic
characteristics were the chief variable (Table V).
Possibly this is an indication that the genetic factor is
dominant.

The isomerization method for analysis of fatty acid
composition may be applied with more confidence to
refined oils than to erude oils. In Table IV the results
of analysis of the refined oils prepared from the crude
oils are also shown. The chromatographic method for
determining neutral oil was used to prepare the re-
fined oil. The standard error of estimate of the regres-
sion equation based on the analyses of the refined oils
is much lower than that from the analyses made on the
crude oils (Table V).

More recently a number of imported corns oils have
been analyzed by GLC and by the alkali isomerization
method. The results are shown in Table VI. The five
German samples were obtained from Deutsche Maizena
Werke G.m.b.H. and were produced early in 1962
when sizable amounts of yellow USA corn were being
processed. Comparing the results by the isomerization
and GLC procedures, the differences are the same mag-
nitude as found previously. The linoleic acid values
are higher and the oleic and total saturates lower by
the GLC analysis. These samples are unusual chiefly
in their high linolenic acid content compared to typi-
cal USA oils. Kaufmann and Mankel (42) also found
high linolenie acid values on examining a German corn
oil.

The results of the GLC analysis of the Brazilian,
Mexican and Colombian oils (Table VI) agree fairly
well with the values reported in Table IV for oils from

these countries. An exception is the value for linolenic
acid where results of the GLC analyses were in the
expected range. Both the Brazilian and Mexiean oils
contained more lauric and arachidie acids than found
in USA oils.

ACKNOWLEDGMENT

Some of the analyses by the alkali isomerization procedure by J. P,
Hicks and Helen Zmachingki; suggestions regarding preparation of the
manuseript from Dorothy M. 'Rathmann.

REFERENCES

1. Official and Tentative Methods of the AOCS second ed.,
and Revisions to 1962 Incluswe " Table I I-46, Chicago.

2. Lofland, H. B., F. Quackenbush and A, M. Brunson, JAOCS
81, 412-14 (1954)

3. Quackenbush, F. W, Jean . Firch, A, M. Brunson and L. R.
House, Cereal Chem. 40, 250~59 (1963).

4. Watson, 8. A., Personal Communication,

5. Longenecker H E., J. Biol, Chem. 129, 13-22 (1939).

6. Kummerow, F. 0il & Soap 28, 167—70 (1946).

7. Baldwin, AR, M and M. Suiegowski, JAQCS 28, 24-27 (1951).

8. Baur, F. J., and J, B. Brown J. Am. Chem. Soc. 67, 18991900
(1955).

9, French, R. B.,, JAOCS 39, 176-8 (1962).

10. Okey, Ruth, M. M. Lyman Anne G. Harris, Betty Einset and W.
Hain, Metab. Clin, Exp. 8, 241-255 (1959).

11, Firestone, D., J. Assoe. Offic Agr. Chem. 38, 657—63 (1955).

12, Ahrens, B. H., Jr., J. Hirsch, W. Ingull, Jr, T. T. Tsaltas, R.
Blomstrand and M. L. Peterson, Lancet 1957, I 94353,

18. Chang, Irene C. Ly, L. I, Y, Tehen and Betty M. Watts, JAOGCS

29, 878-9 (1952)
14. Firestone, D., J. Assoc, Offic. Agr. Chem. 40, 487-91 (1957).
M. 8., and A, R. Baldwin, TA00s 31, 414-16

15. Sniegowski,
(1954)

B. Brown, E. J. Jones, V. L. Davison and
Janina Nowakowska, Ibid, 39, 255-59 (1962).
7 (1949).

“Additions

16. Sreenivasan, B., J,

17. Swain, Margaret L., and B. A. Brice, Ibid. 26, 272-

18. Flelschman, A I, A Florin, J. Fltzgerald Anne B. Caldwell and
Gertrnde Eastwood, J. Am. Dietet. Assoc. 42, 3948 (19638).

19. Ahrens, E. H., Jr,, W, Insull, Jr., J. Hirsch, W. Stot‘fel M. L,
Peterson, d. W. quuhar T, Miller and H. J. Thomasson, Liancet
1959, 1. 115-19.

20. Wissler, R. W, B, Frgzier, R. H. Hughes and R. A. Rasmus-
sen, Arch. Pathol. ?4 312-22 (1962},

21, Perkins, E. G., G, Endres and F. A, Kummerow, Proc. Soc.
Exp. Biol. Med. 106, 370~72 (1961).

22. Wheeler, Prlscllla., D, W. Peterson and &. D). Michaels, J. Nutr.,
69, 253—-60 (1959)

23. Bernfeld, P., F. Homburger and T. F, Kelly, Am. J. Clinical Nutr,
11, 554—8 (196 ).

(124 Marion, J. H., and H. W. Edwards, Jr.,

25. Swe}l L., P. B, Schools, Jr. and C. B, Treadwell, Am. J. Clinical
Nutr, 11, 162-107 (19 2).

26. Bhalerao V. R., M. Inoue and F. A. Kummerow, J. Dairy Sci.
46, 176-80 (1983)

27. Scholfield, €. R., Janina Nowakowska and H. J. Dutton, JAOCS
88, 175-177 (196 ).

( 28. )Bnce, B. A., and Margaret L. Swain, J. Opt Soc. Am. 35, 532—44

1945

929, Brice, B. A., Margaret L. Swain, B. B, Schaeffer and W. C.
Ault, Oil & Soap 22 219-24 (1945).

30, Brice, B. Margaret L. Swain, S. F. Herb, P. L. Nichols, Jr.
and R. W, R1emenschneldcr, JAOCS 29 27987 (195 ).

31. Luddy, F. E.,, R. A, Barford and R. W. Riemenschneider, Ibid.
37, 44751 (1960)

32 Benedict, J. H., Ibid. 37, 415-18 (1960).
¢ gg )Metcalf L. D, and A. A, Schmitz, Anal, Chem. 33, 362-64
1

34. Smith, E. D., and A. B. Gosnell, Ibid. 34, 438-9 (1962),

35, Kauffman, il L., T. J. Weiss, G. D. Lee and B. N. Rockwood,
JAOCS 38, 495-97 (1961)

36. Herb 8. F., P. Magidman and R. W. Riemenschnieder, Ibid. 37,
127-29 (1960).

87. Craig, B. M., and N. L. Murty, Ibid. 36, 549-52 (1959).

88, Crespo, F Anales Asoe. Quim. Arg, 47, 143-7 (1959).

Poultry Sci. 42, 825-8

39, Wolff, J. Rev. Frane. Corps Gras 8, 6884 (1961).
(130 Brimhall, B, and . F. Sprague, Cereal Chem. 28, 227-31

41. Hzldltch T. P., “The Chemical Constitution of Natural Fats.” 3rd
ed., John Wiley and Sons, New York, 1956, p. 444

12. Kaufmann, H. P., and G. Mankel Fette- Seifen Anstrichmittel 65,
179-84 (1863).

[Received January 27, 1964—Accepted August 20, 1964 ]



