- JPOCS*

Journal of the American Oil Chemists’ Society

EDITOR-IN-CHIEF
L.H. Princen

ASSOCIATE EDITORS

George Abraham Thomas J. Jacks J.-L. Sebedio
Thomas Cripe Lawrence A. Johnson Edward A. Sedor
Johannes T.P. Derksen Gary R. List Vijai K.S. Shukla
Thomas A. Foglia Raymond A. Mackay J.A. Veech
Floyd E. Friedli Edward J. Parish Kathleen Warner
Allen Gathman Andrew Proctor Pamela J. White
Michael J. Haas Dennis T. Ray Richard Wilson
Charles E. Hammond Milton J. Rosen
Ching T. Hou John F. Scamehorn

o

CARGILL EXHIBIT 1011

Cargill v. Bunge Loders Croklaan

AOCS
PRESS

JJASDH 71(10) 1047-1178
ISSN:0003-021X VOLUME 71(10) 1047-1178 (1994) October 1994




JBOCS*

JOURNAL OF THE AMERICAN OIL CHEMISTS’ SOCIETY

A Publication of AOCS Press

Editor-in-Chief
L.H. Princen

AOCS Press, P.O. Box 3489, Champaign, IL 61826-3489 USA

Telephone 1-217-359-2344

Associate Editors
George Abraham
Thomas Cripe
Johannes T.P. Derksen
Thomas A. Foglia
Floyd E. Friedli
Allen Gathman
Michael J. Haas
Charles E. Hammond
Ching T. Hou

AOCS Press Staff

Thomas J. Jacks
Lawrence A. Johnson
Gary R. List
Raymond A. Mackay
Edward J. Parish
Andrew Proctor
Dennis T. Ray

Milton J. Rosen

John F. Scamehorn

J.-L. Sebedio
Edward A. Sedor
Vijai K.S. Shukla
J.A. Veech
Kathleen Warner
Pamela J. White
Richard Wilson

Publications Director, Mary Lane; Production Manager, Melissa Madsen Blankenship
AOCS Press, P.O. Box 3489, Champaign, IL 61826-3489 USA

Telephone 1-217-359-2344

Printed on acid-free paper in the United States of America

Journal of the American Oil Chemists’ Society (JAOCS) (ISSN:
0003-021X), formerly Oil & Soap, is published monthly by AOCS
Press, 1608 Broadmoor Dr., Champaign, IL 61821-5930 USA. Phone:
1-217-359-2344. Telefax: 1-217-351-8091.

Institutional subscriptions to JAOCS are $215, which includes a
subscription to INFORM, the membership journal. Add $30 for
foreign surface mail or add $180 for foreign air mail. Individuals may
subscribe to JAOCS, at a reduced rate, by becoming an AOCS
member. Please write to Sandra Burr at the AOCS Press for a
membership application. Second-class postage is paid at Champaign,
Illinois, and additional mailing offices. POSTMASTER: Send
address changes to Journal of the American Oil Chemists’ Society,
P.O. Box 3489, Champaign, IL 61826-3489 USA.

Copyright © 1994 by AOCS Press. Formerly published as Chemists’
Section, Cotton Oil Press, 1917 to 1924; Journal of the Oil and Fat
Industries, 1924 to 1931; Oil & Soap, 1932 to 1947. AOCS Press
assumes no responsibility for statements of opinions of contributors
to its columns. JAOCS is indexed in the Applied Science and
Technology Index of the H.S. Wilson Company, New York.

Manuscript publication: A current Guide for Authors is printed in
JAOCS, Vol. 71, pp. vii, viii, ix (January 1994), or is available upon
request. Manuscripts intended for publication should be submitted

in triplicate to the Editor-in-Chief, L.H. Princen, at AOCS Press.
Correspondence concerning page proofs should be addressed to the
Assistant Production Manager, Deborah Salter Green, at the AOCS
Press office. Page charges of $55 per printed page are expected to
be paid for papers published in JAOCS; payment of page charges
will not affect review and publication of papers. AOCS Press can-
not assume responsibility for statements and opinions advanced by
contributors.

Notice to copiers: Authorization to photocopy items for internal or
personal use, or the internal or personal use of specific clients, is
granted by AOCS Press for libraries and other users registered
with the Copyright Clearance Center (CCC) Transactional Reporting
Service, provided that the base fee of $3.00 and a page charge of
$0.50 per copy are paid directly to CCC, 21 Congress St., Salem,
MA 01970.

Correspondence concerning new subscriptions, subscription renewals,
changes of address and claims for missing issues should be addressed
to the Circulation Manager, Sandra Burr, AOCS Press, P.O. Box
3489, Champaign, IL 61826-3489 USA. Requests for changes of ad-
dress must include both old and new addresses, including zip codes,
and a recent mailing label; notices must be received 30 days before
the date of issue. Claims for copies lost in the mails must be
received within 30 days (90 days foreign) of the date of issue.

Copyright © 1994 by AOCS Press



AOCS Mission Statement

To be a forum for the exchange of ideas, information, and
experience among those with a professional interest in the
science and technology of fats, oils, and related sub-
stances in ways that promote personal excellence and pro-
vide high standards of quality.

Declaration by the Governing Board

The American Oil Chemists’ Society is organized for
charitable, educational and scientific purposes. It does

not have as its purpose the promotion of any product,
manufacturers, laboratory or business. Members of the
Society, and employees of the Society, do not and may
not speak for or on behalf of the Society without the ex-
pressed permission of the Governing Board. This prohibi-
tion includes the use of the American Oil Chemists’
Society logo or letterhead when making a statement of
a technical or economic nature. Members of the Society,
or employees of the Society, speak only for themselves
when giving opinion or making statements concerning
technical matters and economic matters.



F &,

. a‘ Contents
4 Volume 71, Number 10
6 October 1994

" A PUBLICATION OF AOCS PRESS
- P.O. Box 3489, Champaign, IL 61826-3489 USA 1-217-359-2344 Telefax 1-217-351-8091

1047 Instrumental Methods for Determination of Oil, Protein and Other
Constituents of Oilseeds and Meals
Papers presented at the 84th AOCS Annual Meeting & Expo, held in Anaheim,
California. Introduction by J.K. Daun.

1049 Near-Infrared Spectroscopic Analysis of Deterioration Indices of Soybeans
for Process Control in Oil Milling Plant
Tetsuo Sato, Hideyuki Abe, Sumio Kawano, Goro Ueno, Kiyoji Suzuki and Mutsuo

Iwamoto

1057 Simultaneous Determination of Oil and Water Contents in Different Oilseeds
by Pulsed Nuclear Magnetic Resonance
Guy Rubel

1063 Comparison of Three Whole Seed Near-Infrared Analyzers for Measuring Quality

Components of Canola Seed
James K. Daun, Kathleen M. Clear and Phil Williams

1069 Comparison of Combustion and Kjeldahl Methods for Determination of Nitrogen
in Oilseeds
James K. Daun and Douglas R. DeClercq

1073 Identification and Segregation of High-Value Soybeans at a Country Elevator
Charles R. Hurburgh, Jr.

Articles

1079 Antioxidant Activity of Oat Extract in Soybean and Cottonseed Oils
L.L. Tian and P.J. White

1087 Antipolymerization Activity of Oat Extract in Soybean and Cottonseed Oils
Under Frying Conditions
L.L. Tian and P.J. White

1095 Antioxidative Components, Xanthone Derivatives, in Swertia japonica Makino
Shinya Ashida, Satoshi F. Noguchi and Tateo Suzuki

1101 Oxidative Stability of Purified Canola Oil Triacylglycerols with Altered Fatty Acid
Compositions as Affected by Triacylglycerol Composition and Structure
W.E. Neff, T.L. Mounts, W.M. Rinsch, H. Konishi and M.A. El-Agaimy

1111 Oxidative Stability of Blends and Interesterified Blends of Soybean Oil
and Palm Olein
W.E. Neff, M.A. EI-Agaimy and T.L. Mounts

1117 Effects of Frying Oil Composition on Potato Chip Stability
K. Warner, P. Orr, L. Parrott and M. Glynn

:
:
;
-
:
1
;

1123 Possible Causes for Decreased Stability of Canola Oil Processed from Green Seed
C.L. Tautorus and N.H. Low
1129 cis-trans Isomerization of Octadecatrienoic Acids During Heating. Study

of Pinolenic (cis-5,cis-9,cis-12 18:3) Acid Geometrical Isomers
in Heated Pine Seed Oil
Robert L. Wolff

1135 A Kinetic Study on Isothermal Crystallization of Palm Oil by Solid Fat
Content Measurements
W.L. Ng and C.H. Oh

1141 Identification of Major Triglycerides Causing the Clouding of Palm Olein
P.Z. Swe, Y.B. Che Man, H.M. Ghazali and L.S. Wei

(continued on next page)

JAOCS, Vol. 71, no. 10 (October 1994)



Contents

Volume 71, Number 10
October 1994

1145

1149

1157

1163

1169

1173

1177

Effects of Expander Process on the Phospholipids in Soybean Oil
F. Zhang, S.S. Koseoglu and K.C. Rhee

Conversion of Allylic Hydroxy Oleate to Conjugated Linoleic Acid and Methoxy
Oleate by Acid-Catalyzed Methylation Procedures

Martin P. Yurawecz, Jennifer K. Hood, John A.G. Roach, Magdi M. Mossoba, Daniel
H. Daniels, Yuoh Ku, Michael W. Pariza and Sou F. Chin

Comparison Between Two Procedures for Stereospecific Analysis
of Triacylglycerols from Vegetable Oils—I: Olive Oil
P. Damiani, F. Santinelli, M.S. Simonetti, M. Castellini and M. Rosi

Determination of Wool Wax in Raw Wool by Raman Spectroscopy
Jeffrey S. Church, Ashley S. Davie, David W. James, Wah-Hing Leong and Daryl
J. Tucker

Short Communications

Quantitation of Volatile Compounds in Heated Trilinolein by Static
Headspace-Capillary Gas Chromatography/infrared
Spectroscopy-Mass Spectrometry

Symon M. Mahungu, Steven L. Hansen and William E. Artz

Behavior of Diglycerides and Conjugated Fatty Acid Triglycerides in Reverse-Phase
Chromatography

M-K. Chang, E.J. Conkerton, D. Chapital and P.J. Wan

Physical Characteristics of Mustard Oil Solvent Miscella

Debasis Nag and N.G. Bhole

Author Index

JAOCS, Vol. 71, no. 10 (October 1994)



‘ This material may be protected by Copyright law (Title 17 U.S. Code)

1111

Oxidative Stability of Blends and Interesterified Blends of Soybean

Oil and Palm Olein
W.E. Neff*, M.A. EI-Agaimy1 and T.L. Mounts

USDA, ARS, NCAUR, Food Quality and Safety, Peoria, lllinois 61604

Improvement of oxidative stability of soybean oil by blend-
ing with a more stable oil was investigated. Autoxidation
of blends and interesterified blends (9:1, 8:2, 7:3 and 1:1,
wiw) of soybean oil and palm olein was studied with respect
to fatty acid composition, fatty acid location and triacyl-
glycerol composition. Rates of formation of triacylglycerol
hydroperoxides, peroxide value and volatiles were evalu-
ated. The fatty acid composition of soybean oil was
changed by blending. Linolenic and linoleic acids decreased
and oleic acid increased. The triacylglycerol composition
of blends and interesterified blends was different from that
of soybean oil. Relative to soybean oil, LnLL, LLL, LLO,
LLP, LOO and LLS triacylglycerols were lowered and
POO, POP and PLP were higher in blends and interesteri-
fied blends (where Ln, L, O, P and S represent linolenic,
linoleic, oleic, palmitic and stearic acids, respectively). In-
teresterification of the blends leads to a decrease in POO
and POP and an increase in LOP. Linoleic acid concentra-
tion at triacylglycerol carbon-2 was decreased by blending
and interesterification. Rates of change for peroxide value
and oxidation product formation confirmed the improve-
ment of soybean oil stability by blending and interesteri-
fication. But, blends were more stable than interesterified
blends. Also, the formation of hexanal, the major volatile
of linoleate hydroperoxides of soybean oil, was decreased
by blending and interesterification.

KEY WORDS: Blend, interesterification, oxidative stability, palm
olein, soybean oil, triacylglycerol.

Autoxidation is a chemical reaction whereby oxygen is
added to unsaturated fatty acids in vegetable oils like soy-
bean oil (SBO), with the ultimate production of compounds
such as shorter-chain alcohols, aldehydes and ketones, as
well as high-molecular weight polymers. The reaction has
major implications in the food industry because it causes
a disagreeable alteration in flavor and viscosity (1).

Efforts to improve SBO resistance to oxidation or ox-
idative stability have involved partial hydrogenation, addi-
tion of synthetic antioxidants and metal inactivators (2-5),
and natural selection and induced mutation breeding to
reduce the linolenic acid content (6-12). Also, SBO stability
has been improved through changes in triacylglycerol (TAG)
composition and TAG fatty acid location (13,14).

The present study reports the effects of chemical in-
teresterification of SBO and palm olein (PO) blends on TAG
composition and fatty acid (FA) location on the resulting
oxidative stability.

EXPERIMENTAL PROCEDURES

Materials. Refined, bleached and deodorized SBO was pur-
chased from a commercial source, and PO was obtained
from Premier Edible Oils Corporation (Portland, Oregon).

*To whom correspondence should be addressed at USDA, ARS,
NCAUR, 1815 N. University St., Peoria, IL 61604.

Visiting scientist from Oils and Fats Section, Food Technology
Research Institute, Agriculture Research Center, 9 Gamaa St., Giza,
Egypt.

Copyright © 1994 by AOCS Press

Blends were prepared by directly mixing the appropriate
amount of PO with SBO to obtain SBO/PO blends of 9:1,
8:2, 7:3 and 1:1 (w/w). Other materials used in this study
have been described previously (13).

Interesterification. A 600-g sample of each blend was
interesterified. The blend was heated to 70°C with stir-
ring, and 0.5% sodium methoxide was added. The reac-
tants were stirred for 30 min and then quenched with 2%
aqueous citric acid (20%) with stirring for 15 min. The pro-
duct was filtered under vacuum through Celite 545. For
the oxidation study, the interesterified oil was dissolved
in diethyl ether and washed two times with distilled water;
the ether layer was dried over anhydrous sodium sulfate,
and the solvent was removed with a roto-evaporator.

Solid-phase extraction (SE) chromatography. Oil sam-
ples (SBO, PO, blends and interesterified blends) were
stripped of nonTAG components by a previously reported
silica SE chromatography procedure (15).

FA analysis. FA composition was determined by capil-
lary gas chromatography (GC) of the methyl esters after
transmethylation of the SE-purified TAG. A 15-m sample
was transmethylated by reaction with 5 mL of 0.5 N KOH
in methanol at 50°C for 30 min. The reaction mixture was
neutralized to pH 7 with dilute hydrochloric acid and ex-
tracted with 5 mL petroleum ether/diethylether (1:1,
vol/vol) and dried with 5 mL acetone azeotrope under
helium. Fatty acid methyl ester (FAME) samples were
analyzed by direct-injection capillary GC with an SP2380
column (30 m, 0.25 mm id., and 0.2 ym film thickness;
Supelco, Inc., Bellefonte, PA) in a Varian Gas Chroma-
tograph, Star 3400, equipped with a flame-ionization
detector (Varian, Inc.,, Walnut Creek, CA). The column was
operated at 150°C with a hold for 35 min and then pro-
grammed to 210°C at 3°C/min with helium head pressure
of 10 psi. The injector and detector temperatures were 240
and 280°C, respectively. FA composition was obtained by
chromatogram peak integration accomplished by com-
puter procedures (16).

TAG analysis. TAG molecular species analysis was per-
formed by a previously reported procedure of reverse-
phase high-performance liquid chromatography (RP-
HPLC) with flame-ionization detection (13).

Stereospecific analysis. Stereospecific analysis was by
a lipolysis-GC procedure reported previously (13,
15,17).

TAG oxidation product (TAG-OX) analysis. RP-HPLC
(14) was performed in duplicate on each oxidized sample
at 24, 48 and 72 h. The TAG-OX formed from LLnLn,
LLLn, LLL (LnLP and LnOP), LLO, LLP, LOO, LOP and
PLP were monitored with ultraviolet (UV) detection at 235
nm for conjugated diene (where L. = linoleic acid, P =
palmitic acid; O = oleic acid; Ln = linolenic acid). These
oxidation products were identified by matching peak
retention times with those of the standard oxidized TAGs.

Analysis of volatiles. Volatile analysis was performed
by the static headspace procedure (15). The volatiles moni-
tored (and their precursor FA) were pentane (L); propanal
(Ln); pentanal (L); hexanal (L); 2-heptenal (L); 2,4-hepta-
dienal (Ln) and nonanal (O).

JAOCS, Vol. 71, no. 10 (October 1994)
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Oxidation of purified TAG. Purified TAG were oxidized
at 60 + 2°C in the dark in oxygen in a forced-air oven
(Precision Scientific Co., Chicago, IL). Samples (225 mg
each) were weighed into 20-mL vials, which were purged
with oxygen and sealed. One sample of each TAG was
prepared for each oxidation period (24, 48 and 72 h). After
each period of oxidation, three 15-mg aliquots were re-
moved from each sample for peroxide value (PV) deter-
mination by a colorimetric ferric thiocyanate method
(13,15). Two 50-mg aliquots were removed for volatile head-
space analysis, and one 50-mg aliquot was removed for
analysis of TAG-OX by RP-HPLC. Due to limited sample
amounts, each oxidation experiment was performed once.
However, under the same conditions used in previous work
(13), a soybean oil TAG standard had a coefficient of varia-
tion for APV of 5% or less for 20 oxidation experiments.
This allowed valid comparisons of the data between ox-
idation experiments.

Experimental oxidative stability parameters. The perox-
ide change with oxidation time (APV) was determined from
linear regression (two-dimensional) of plots of PV vs. time
for the oxidized TAG. The hydroperoxide formation rate
(ATAG-0X), a second measure of experimental oxidative
stability was determined from a linear regression of the
plot of TAG-OX [summation of chromatogram peak areas
(area counts) from the detector response for the above
TAG-0X] vs. oxidation time. A linear regression plot of
the sum of the gas chromatogram peak areas (area counts)
from the detector response for the above volatiles (ATV)
vs. oxidation time was used as a third measure of ex-
perimental oxidative stability for the SBO/PO blends.

RESULTS AND DISCUSSION

FA composition of blends and interesterified blends. L is
the predominant FA in SBO (53.4%), whereas O followed
by P were the major acids, FA, in PO (Table 1). Blending
SBO with PO caused O to increase and L to decrease. Ln
was decreased from 7.0% in SBO to 3.8% in the 1:1
SBO/PO blend. The FA composition thus was changed by
blending, and this decreased the calculated oxidizability

TABLE 1

from 0.6788 (for SBO) to 0.4107 (SBO/POQ, 1:1). Blending
with PO would be expected to improve SBO stability due
to predicted or calculated oxidative stability (13,18). The
oxidizability is calculated as 0.2 [0%] + [L%] + 2
(Ln%)/100 GC area percent composition (18). Also, the
ratios of L and Lin to O decreased in blends. This too would
be expected to improve SBO stability (13). Also, as with
the blends, O increased and Ln, L, L/O, and Ln/O ratios
decreased in interesterified products compared to SBO.
This would be expected to improve stability of the pro-
ducts compared to SBO (13). As expected (Table 1), the
FA composition of TAG and calculated oxidizability of
blends and interesterified blends were almost the same.

TAG FA location for blends and interesterified blends.
Positional analysis data for SBO, PO, their blends and in-
teresterified blends are presented in Tables 2 and 3. Com-
parison of FA located at glycerol carbon-2 relative to
carbons-1 and -3 in the blends and their interesterified pro-
ducts revealed that interesterification was successful in
randomizing FA distribution. The data indicated that for
these blends and most interesterified blends (9:1, 8:2 and
7:3; SBO/PO), L. was greater than O at both glycerol
carbon-2, -1 and -3. However, for the 1:1 blend and its in-
teresterified blend, L. and O at carbon-2 or -1 and -3 did
not differ greatly. L at carbon-2 was the highest in SBO
(69.3%) and was decreased by blending to 45.8% in blend
1:1 due to the introduction of TAG with less L. Inter-
esterification decreased L at carbon-2 to 31.2% for the 1:1
interesterified blend. The O level at carbon-2 for the blends
also was greater than in interesterified blends, especially
blends 7:3 (37.1% vs. 29.8%) and 1:1 (45.5% vs. 32.7%). The
content of L at carbons-1 and -3 was greater in the 9:1
interesterified blend (49.9%) than in SBO (45.4%). L de-
creased to 26.5% at carbons-1 and -3 in blend 1:1. Based
on previous studies, reduction of L content at carbon-2
should improve the oxidative stability of the blends and
interesterified products of SBO and PO (13-15).

TAG composition for blends and interesterified blends.
TAG composition data for SBO, PO and their blends and
interesterified blends are presented in Table 4. The major
TAG of SBO oil were LLO, LLL, LLP, LOP, LOO, LnLL,

Calculated Oxidizability (0X)%, Fatty Acid Composition” and Ratios of Linoleic (L) and Linolenic
(Ln) Acid to Oleic (O) Acid for Soybean Oil (SBO), Palm Olein (PO) and Their Blends

and Interesterified Blends

Fatty acid area percent

(0.4 14:0 16:0 18:0 18:1 18:2 20:0 18:3 L/O Ln/O

SBO 0.679 — 10.0 4.2 25.4 53.4 — 7.0 2.10 0.28
Blend (SBO/PO)

9:1 0.618 — 13.2 4.2 27.5 49.2 — 6.0 1.79 0.22

8:2 0.562 — 16.7 4.3 29.1 44.5 — 5.6 1.53 0.19

7:3 0.517 0.4 18.2 4.5 30.5 41.0 0.4 5.1 1.34 0.17

i i | 0.411 0.6 23.8 4.6 34.0 33.0 0.3 3.8 0.97 0.11
Interesterified

9:1 0.627 0.2 12.8 4.1 26.9 49.1 0.3 6.5 1.83 0.24

8:2 0.571 0.3 15.9 4.2 28.6 45.0 0.3 5.8 1.58 0.20

7:3 0.519 0.4 18.4 4.2 30.4 41.0 0.4 5.2 1.35 0.17

1:1 0.409 0.6 24.1 4.4 34.2 32.8 0.3 3.7 0.96 0.11
PO 0.132 1.3 40.0 4.6 41.7 12.4 — — 0.30 —

20X, Oxidizability = [(0.02 (0%)) + L% + 2 (Ln%)]/100 (Ref. 18).
bSee Experimental Procedures section for conditions for gas chromatography analysis of fatty acid

composition.
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TABLE 2

Fatty Acid Composition and Ratios of L and Ln Acids to O on Glycerol Carbon-2 for SBO, PO
and Their Blends and Interesterified Blends®

Fatty acid area percent

14:0 16:0 18:0 18:1 18:2 20:0 18:3 L/O Ln/O

SBO — — — 24.6 69.3 — 6.2 2.82 0.25
Blend (SBO/PO)

9:1 — 1.3 0.3 28.9 63.9 — 5.6 2.21 0.20

8:2 — 2.2 0.4 32.8 59.5 — 5.2 1.81 0.16

7:3 — 3.3 — 37.1 55.0 - 4.6 1.48 0.13

1:1 — 49 0.7 45.5 45.8 — 3.1 1.01 0.07
Interesterified

9:1 0.3 14.1 5.3 26.3 47.6 0.4 6.0 1.81 0.23

8:2 0.5 15.2 4.7 28.9 45.2 0.3 5.2 1.56 0.18

7:3 0.9 20.0 6.7 29.8 38.2 — 4.4 1.29 0.15

1:1 0.8 26.0 5.6 32.7 31.2 0.4 3.4 0.95 0.10
PO 0.6 9.2 1.1 66.7 22.4 — — 0.34 —

“See Experimental Procedures section for analysis conditions for fatty acid composition at glycerol carbon-2.
See Table 1 for abbreviations.

TABLE 3

Fatty Acid Composition and Ratios of L and Ln Acids to O on Glycerol Carbons-1 and -3 for SBO, PO
and Their Blends and Interesterified Blends®

Fatty acid area percent

14:.0 16:0 18:0 18:1 18:2 20:0 18:3 L/O Ln/O

SBO — 15.0 6.3 25.9 45.4 — 7.4 1.76 0.29
Blends (SBO/PO)

9:1 — 19.1 6.1 26.8 41.8 — 6.2 1.56 0.23

8:2 — 23.9 6.2 27.2 317.0 — 5.8 1.36 0.21

7:3 0.5 25.6 6.8 27.2 34.0 0.6 5.4 1.25 0.20

1:1 0.9 33.3 6.5 28.2 26.5 0.5 4.1 0.94 0.15
Interesterified

9:1 0.1 12.2 3.6 27.2 49.9 0.3 6.8 1.84 0.25

8:2 0.3 16.3 3.9 28.4 45.0 0.3 6.0 1.59 0.21

173 0.2 17.7 3.0 30.7 42.4 0.5 5.5 1.38 0.18

1:1 0.5 23.1 3.7 34.9 33.6 0.3 3.8 0.97 0.11
PO 1.7 55.4 6.4 29.2 7.4 — — 0.25 —

%See Experimental Procedures section for analysis conditions for fatty acid composition at glycerol carbons-1

and -3. See Table 1 for abbreviations.

LnLO, LnLP, LOS (S = stearic acid) and O0O. For PO,
the major TAG were POP, POO, LOP, PLP, SOP, LLP and
SOO. Blending of PO and SBO [SBO/POQ, 9:1, 8:2, 7:3 and
1:1 (w/w)], decreased LnLL, LLL, LnLO, LLO, LLP, LOO
and LLS, whereas LOP, POO, PLP and POP were in-
creased as PO increased in the blend. For blend 1:1, LLL,
LLO and LLP contents decreased, compared to SBO, from
15.6 to 8.3, 15.8 to 8.4 and 12.4 to 7.9%, respectively; and
POP, POO and PLP increased from 0.6 to 15.3, 2.9 to 12.8
and 1.7 to 5.7%, respectively. Thus, the more oxidizable
TAGs in SBO oil decreased, and the more oxidatively
stable TAGs increased (13).

Data in Table 4 show the remarkable decrease in LLL
for interesterified blends compared to the physical blends.
LOO and LOP increased in interesterified blends com-
pared to blends, with the greatest increase occurring in
blend 1:1 (SBO/PO). These TAGs were 5.2 and 10.4% in
blend 1:1 and increased to 9.5 and 17.2% in the interesteri-
fied product, respectively. However, the decrease in LLL
and increase in LOO and LOP occurred with a sharp
decrease in POO and POP, which are more stable than

LOO and LOP (13), for the product from blend 1:1
SBO/PO. The POO and POP were 12.8 and 15.3% for the
blend and decreased to 9.1 and 7.0% in the interesterified
product, respectively.

Oxidative stability of blends and interesterified blends.
Experimental oxidative stability of SBO, PO and their
blends and interesterified blends were determined accord-
ing to APV, ATAG-OX and ATV methods used previously
(13-15).

PV and APV results for SBO, PO, blends and inter-
esterified blends are given in Table 5. These results show,
as predicted by oxidizability (Table 1), that PO is the most
stable and SBO is the least stable. The blends and in-
teresterified blends all were more stable than SBO, and
each blend, except for 1:1, was more stable than its cor-
responding interesterified product. However, blends and
interesterified blends had the same FA composition (Table
1). This indicated that, in addition to FA composition,
TAG composition and FA location at glycerol have an ef-
fect on oxidative stability (13,14).

The TAG-OX composition for the blends oxidized in ox-

JAOCS, Vol. 71, no. 10 (October 1994)
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TABLE 4

Triacylglycerol (TAG)* Composition of SBO, PO and Their Blends (B) (SBO/PO) and Interesterified Blends 14

TAG area percent

B 1 B 1 B 1 B 1

TAG SBO PO 90:10 90:10 80:20 80:20 70:30 70:30 50:50 50:50
LnLnLn 0.1 — — — — — — — — —

LnLnL 0.8 — 0.9 0.7 1.0 0.6 0.9 0.3 0.7 0.4
LnLL 6.6 — 6.4 4.8 5.6 3.9 5.1 2.7 3.4 1.3
LnLnO 0.4 — 0.4 0.5 0.3 0.5 0.2 0.5 0.3 0.5
LLL 15.6 — 15.4 10.9 12.6 9.0 12.2 5.9 8.3 2.9
LnLO 5.6 — 4.0 5.7 4.7 4.9 35 4.4 2.4 2.7
LnLP 3.6 — 3.6 3.7 3.1 3.6 2.9 3.5 2.2 27
LLO 15.8 0.4 14.2 18.3 13.1 14.8 11.2 13.2 8.4 9.0
LnOO 1.1 — 1.0 1.2 0.8 1.6 1.0 1.3 0.4 1.2
LLP 12.4 2.5 12.1 11.4 11.0 11.8 10.1 11.4 7.9 8.9
LnOP 2.0 0.7 1.4 2.2 1.5 2.3 1.3 2.0 1.2 3.1
LOO 8.2 1.6 8.0 9.3 72 9.3 6.5 9.8 5.2 9.5
LLS 2.7 — 2.9 2.3 2.6 1.8 1.7 1.7 1.6 1.9
LOP 9.5 11.2 9.5 12,3 9.8 14.0 10.2 16.0 10.4 17.2
PLP 1.7 9.9 2 3.0 3.4 4.1 4.0 5.4 5.7 7.0
000 3.2 2.7 3.0 1.7 3.2 2.2 3.3 2.4 3.4 3.2
LOS 3.3 — 27 3.5 2.3 3.3 1.9 3.1 2.0 2.4
POO 2.9 25.3 4.7 3.0 7.1 4.6 9.4 5.8 12.8 9.1
SLP 1.5 — 1.1 1.6 1.3 1.7 1.0 1.9 1.5 1.9
POP 0.6 344 3.0 1.5 6.1 2.1 9.2 3.9 15.3 7.0
PPP 0.1 0.5 0.1 0.0 0.1 0.1 0.2 0.2 0.5 0.4
SO0 0.9 2.4 0.9 0.6 0.9 0.7 1.2 0.8 15 1.1
SLS 0.3 — 0.1 0.2 0.1 0.1 0.0 0.0 0.2 0.0
SOP 0.4 5.6 0.7 0.6 1.2 0.8 1.5 1.1 2.3 1.8
PPS 0.1 0.2 0.1 0.2 0.1 0.3 0.1 0.5 — 0.8
SOS 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.2 — 0.4
PSS 0.1 0.6 0.3 0.2 0.2 0.2 0.0 0.2 — 0.3
SSS 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.3 0.1
Unknown 0.4 1.8 0.7 0.9 0.8 1.2 1.1 1.1 1.8 3.4

%Determined by reverse-phase high-performance liquid chromatography with flame-ionization detection. See Experimental Procedures

section for details.
P and S are palmitic and stearic acids, respectively. See Table 1

ygen for up to 72 h at 60°C is presented in Table 6. These
data show that LLL, LLO, LLP and PLP remained the
abundant TAG-OX in blends, even when the blend was
1:1. However, even though LLP TAG-OX decreased as a
result of blending (from 12.6% in SBO to 7.9% in blend
1:1), the LLP TAG-OX increased as the PO composition
increased in the blend.

The TAG-OX of interesterified blends is presented in
Table 7. Data in the table show that LLP, LLO and PLP
TAG-OX were the abundant TAG-OX. As noted before
from the TAG composition of the blends and interesteri-
fied blends (Table 4), the LLP and LLO in the two pro-
ducts were somewhat lower than in SBO, especially at 1:1.
That may be why blends and interesterified blends were
more stable than SBO (Tables 5-7) (13,14). However, com-
paring blends to their interesterified products, the lower
content of LLO and LLP and higher POO and POP in
blends, in part, might explain why blends were more stable
than interesterified blends (13,14). This observation is sup-
ported by ATAG-OX (Table 6), which was 28.0 for SBO and
decreased to 13.9, 11.4, 2.6 and 2.0 detector area counts/h
for blends 9:1, 8:2, 7:3 and 1:1, respectively. ATAG-OX in
the interesterified blends (Table 7) was lower than in SBO
but higher than in each corresponding blend (Table 6).

The composition of the major volatiles after oxidation
for 72 h at 60°C in the dark from SBO, PO and their
blends and interesterified blends are presented in Table
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for other abbreviations.

TABLE 5

Oxidative Stability of SBO, PO and Their Blends
and Interesterified Blends Measured by Oxidative
Stability Parameter Peroxide Value (PV)*

Time (h)
PV (meq/kg) APV® (PV/h,

Product 0 24 48 72 meq/kg/h)
SBO 0.2 7.0 16.5 33.2 0.45
Blends (SBO/PO)

9:1 0.6 5.3 10.8 18.3 0.25

8:2 0.4 4.9 9.9 16.8 0.23

7:3 0.2 3.4 7.0 11.4 0.15

1:1 0.3 2.3 4.4 1.2 0.10
Interesterified

9:1 0.8 8.0 17.0 31.4 0.42

8:2 0.5 6.6 14.3 26.3 0.35

7.3 0.5 4.8 10.9 17.5 0.24

1 0.3 2.9 5.8 8.1 0.11
PO 0.1 0.4 0.6 0.9 0.01

%See Experimental Procedures section for PV determination and ox-
idation conditions. See Table 1 for other abbreviations.

YAPV is the rate of change of PV with oxidation time. See Ex-_
perimental Procedures section for APV determination.

8. The data show that hexanal, pentane, propanal,
2-heptenal and 2,4-heptadienal were the major volatiles
from oxidized SBO. Major volatiles from PO were pentane,
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TABLE 6

Composition of the Oxidized Triacy)glycerols (TAG-OX) in SBO, PO and Their Blends After 24, 48 and 72 H Autoxidation®
TAG-OX area percent

SBO 9:1 (SBO/PO) 8:2 (SBO/PO) 7:3 (SBO/PO) 1:1 (SBO/PO) PO
TAG-0OX 24 48 172 24 48 72 24 48 72 24 48 72 24 48 72 24 48 12
LLLn 04 38 65 19 26 47 25 47 51 13 30 14 00 21 33 -— — —
LLL 9.8 168 229 88 123 193 9.8 145 189 58 98 154 42 98 13.0 — — —
LnLO + LnLP 08 10 14 53 13 12 16 07 13 18 16 1.0 09 13 14 - — —
LLO 175 20.4 22.0 13.7 17.2 185 194 21.0 187 189 16.8 219 199 189 218 — — —
LLP 229 171 122 288 30.7 169 36.5 23.8 17.3 33.0 287 21.9 39.0 355 269 147 139 4.0
LOO 78 97 82 1156 69 88 63 bH2 T4 62 88 46 86 79 65 79 130 5.1
LLS 113 96 82 76 37 756 T4 82 600 13 33 71 23 31 87 -— - —
LOP 129 119 177 9.7 124 91 7.7 119 103 148 135 11.1 95 8.6 99 31.8 243 10.6
PLP 166 9.7 109 127 129 140 88 106 146 169 155 13.2 156 127 95 456 488 80.5
ATAG-OX® 28.0 13.9 11.4 2.6 2.0 0.2

(detector area
counts per h)

9TAG-0OX formation with oxidation time determination by reverse-phase high-performance liquid chromatography with ultraviolet detec-
tion of oxidized TAG conjugated diene at 235 nm. See Experimental Procedures section for analysis and oxidation conditions. See Tables
1 and 4 for other abbreviations.

bATAG-OX is rate of TAG-OX formation with respect to oxidation time of 72 h. See Experimental Procedures section for ATAG-OX
determination.

TABLE 7

Composition of TAG-OX in Interesterified Blends (SBO/PO) After 24, 48 and 72 H Autoxidation®

9:1 (SBO/PO) 8:2 (SBO/PO) 7:3 (SBO/PO) 1:1 (SBO/PO)

TAG-0X 24 48 72 24 48 72 24 48 2 24 48 T2
LLLn 3.2 3.1 4.9 1.9 3.5 4.2 1.6 2.4 3.1 1.5 2.5 2.6
LLL 10.0 10.0 17.5 6.4 149 18.1 4.0 7.8 114 1.6 4.2 4.9
LnLO + LnLP 0.8 0.8 1.7 0.8 0.8 1.1 0.5 0.6 0.9 0.3 0.6 0.6
LLO 154 155 224 134 199 208 168 163 19.1 7.8 143 15.7
LLP 206 204 121 216 156 109 185 143 107 178 111 10.3
LOO 8.1 8.1 8.5 7.8 9.1 10.8 6.4 7.6 9.4 5.9 5.0 7.5
LLS 149 152 128 167 136 106 225 202 193 283 244 21.7
LOP 123 12.3 9.1 13.8 7 6.6 152 13.2 93 165 134 10.9
PLP 147 3148 110 177 150 169 166 17.5 170 20.3 24.6 25.6
ATAG-OX

(detector area

counts/h) 16.4 15.1 9.9 5.5

?See Experimental Procedures section for TAG-OX, oxidation conditions and ATAG-OX determination. See
Tables 1 and 6 for other abbreviations.
TABLE 8

Volatile Decomposition of SBO, PO and Their Blends and Interesterified Blends at 72 h Autoxidation®

Volatile area percent

Blend Interesterified
Volatile SBO 9:1 8:2 7:3 1:3 9:1 8:2 7:3 1:1 PO
Pentane 24.1 26.8 23.7 27.4 26.3 23.3 24.3 28.3 28.0 28.8
Propanal 15.7 18.1 17.9 16.1 14.1 19.6 19.3 17.5 13.2 —
Pentanal 6.2 7.9 9.6 8.7 10.2 8.5 9.1 7.8 8.8 11.2
Hexanal 26.6 12.3 13.1 12.4 13.2 14.0 12.5 13.1 13.7 16.2

¢,t-2-Heptenal 14.1 20.0 22.3 20.7 20.8 21.2 21.2 18.6 21.3 15.6
2,4-Heptadienal 10.3 13.0 11.5 12.3 12.1 11.8 11.9 12.3 11.0 -
Nonanal 2.9 1.8 1.9 2.4 3.3 17 LT 2.5 4.0 28.1
ATV? 0.60 0.25 0.25 0.16 0.11 0.34 0.37 0.09 0.06 0.02
(detector area

counts per h)

%Volatile composition from thermal decomposition of oxidized samples determined by static headspace gas
chromatography. See Experimental Procedures section for analysis and oxidation conditions. See Tables
1 and 5 for other abbreviations.

ATV is the rate of volatile formation from samples oxidized to 72 h. See Experimental Procedures section
for ATV determination.
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nonanal, hexanal and heptenal. These volatiles also were
found as major components in blends and interesterified
blends. Pentane production was not greatly affected by
blending or interesterification; its concentration made up
24.1% of SBO volatiles and ranged from 23-28% in the
blends and interesterified blends. Hexanal, the major
volatile derived from L, was found in the same amount
(about 13%) in blends and interesterified blends, whereas
volatiles from SBO contained 26.6% hexanal. This reduc-
tion in hexanal content was apparently due to the lower
content of L acid at carbon-2 (Table 2). These results are
in agreement with those reported by Frankel et al. (19)
for volatile studies of L and mixed L and Ln TAG. Pro-
panal and 2-heptenal increased to approximately the same
level in blends and interesterified blends. In regard to ox-
idative stability, measured by volatile generation, SBO
had the lowest stability, with a ATV of 0.60 detector area
counts/h.

Comparison of ATV of blends to that of their interesteri-
fied products showed that blends 9:1 and 8:2 were more
stable than their interesterified products. This is in agree-
ment with results from APV and ATAG-OX. But, for
blends 7:3 and 1:1, the ATV indicates that they were less
stable with respect to volatile generation than their in-
teresterified products.

The results presented here indicate that the oxidative
stability of SBO can be improved by blending and in-
teresterification of SBO and PO. Blending and inter-
esterification lead to decreased Ln and L and increased
O. Also, L decreased at carbon-2 on the glycerol moiety.
The decrease in L at carbon-2 in blends was accompanied
by an increase of O at carbon-2, which may be partly
responsible for better stability of blends compared to in-
teresterified blends (13,15). Also, blends had less L at
glycerol carbon-1(3). The total FA composition of blends
and interesterified blends were about equal, as expected.
However, the TAG composition of the blend was different
from that of its interesterified blend. LnLL, LLL, LLO,
LLP and LLO were lower and POP, POO and PLP were
higher in both blends and products. However, POO and
POP in interesterified blends were less than in blends.
These noted differences in TAG composition may, in part,
explain why the blends were more stable than the in-
teresterified blends. That is, the effect of the decrease in
LLL, which is known to decrease oxidative stability, in

JAOCS, Vol. 71, no. 10 (October 1994)

interesterified products was countered by decreased POO
and POP, which are known to improve oxidative stability
(13). However, the blends and interesterified products were
still more stable than SBO.
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