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mechanism for the formation of lactones in samples irradi-
ated under vacuum, llowever, in samples. irradiated in air,
formation of 9y-palmitolactone was considerably enhanced
(Table III), The effect of oxygen on the increased yield
of vy palmitolactone could be attributed to the formation
of oxy free radicals leading to the formation of the stable
5-member ring lactone,
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& Characterization of Minor Constituents

in Commercial Oleic Acid!

SHERMAN S. LIN?, YUKINOBU MURASE>, DAVID B.S. MIN*, OLIVER A.L. HSIEH
and STEPHEN S. CHANG, Department of Food Science, Cook College, Rutgers,

The State University of New Jersey, New Brunswick, NJ 08803

ABSTRACT

Minor constituents were isolated from a mixture of commercial
oleic acid manufactured from beef tallow by 10 different companies,
Silicic acid was used as an adsorhent to isolate the minor constitu-
ents. They were first separated into acidic and nonacidic fractions.
Each fraction was then separated into numcrous subfractions by
stepwise gradicnt clution liquid chromatography, using silicic acid
as the adsorbent, The subfractions which had an adverse effect on
the color stability of oleic acid during heating were characterized
with functional group analysis, elemental analysis and IR spectro-
photometry. The minor constituents amounted to ca. 1.18% of the
commercial oleic acid. They were complex mixtures with multiple
functional groups. Some of the subfractions cancained 2-3 times as
much oxygen in the molecule as oleic acid. They had molecular
weights ranging from 308 to 830 which are from monomers to
trimers of oxidized oleic acid. These minor components contained
carbonyl, ester and hydroxyl groups and deuble bends. Some of the
nonacidic minor constituents may contain amide groups. Most of
the acidic subfractions were dark red, viscous liquids and the non-
acidic subfractions were dark green or greenish-brown, semisolid
substances, A relationship was established that the greater the polar-
ity of the minor constituents, the greater is its adverse c¢ffect on the
color stability of oleic acid during heating.

INTRODUCTION

Commercial olcic acid has a tendency to develop a dark
color during heating. Lin ct al. (1) reported that this dis-
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coloration is partially due to oxidation and partially duc to
the presence of minor constituents. The effects of the 2
factors are synergistic and thus accentuate the darkening
of the commercial oleic acid when it 15 heated under uir.
Removal of the minor censtituents from commercial oleic
acid by silicic acid treatment drastically improved its color
stability. The present paper is an attempt to characterize
the chemical nature of the minor constituents.

EXPERIMENTAL PROCEDURES
Material Used

The mixed commercial oleic acid (MCOA) used for this
investigation was a composite sample of commercial oleic
acid manufactured from beef tallow by 10 companies, Each
company submitted an oleic acid sample which was a com-
posite of diffcrent grades of oleic acid produced by that
company.

Isolation and Fractionation of Minor Constituents
from MCOA

The procedurc for the isolation and fractionation of minor
constituents from MCOA is shown in Figure 1, and is essen-
tially the same as that previously rcported (2). The sample
(29 kg) was passed through 10 parallel chromatographic
columns (4.4 x 55 cm), each packed with 300 g of silicie
acid (100 mesh, Mallinckrodt 2847). The silicic acid was
purified and activated according to the method of Sahasra-
budhe and Chapman (3). The oleic acid that passed through
the columns was practically colorless and was considered
purified oleic acid (POA). The colored substance originally
present in MCOA was adsorbed on the silicic acid column.
The silicic acid columns which retained the minor constitu-
ents of MCOA were first eluted with hexane to remave all
the residual free fatty acids, It was then eluted with ethyl



Nonacidic compounds

MMN
0.02%

1
Methanci eluate

MM
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. o ether until no more substance was cluted. The erther eluate
‘fg (ME) was scparated intu acid (MEA} and nonacidic frac-
tiuns (MEN) by extracting its cthyl erher solunon with an
aqueous 1% sodium carbonate solution. The minor con-
. o stituents retained on the column after the ether clution
“"g were further eluted with an extensive amount of methanol

uniil nothing was eiuted with methanol, and the merhanul
eluate (MM) was also separated into acidic (MMA) and non-

MM A
0.04%

Acidic compounds

Nonacidic compounds

MEN
0.22%

MCOA
ME

Ether eluate

Acidic compounds
MEA
0.90%

Purified MCOA
C98.72%

|« cé’ & acrdic (MMN) fractions. The 4 Tractions, MEA, MEN, MMA,
NS 58 and MMN of Figure 1 thus obtained, were eack fractionated
o mie numerout subfractions with stepwise wradiens hquid
- chromatography by the folluwing solvent system, Fraction
* 8 ~ MEA solvent systen: 5% ether (E) ¢ Y5% hevune {H), 10%
TS ,..?%8. Eo¢ 90% H, 20% F « BOM% L 4005 F « o0% H, 50% F + 30%
Q H, B E + 20% H, 1THK, B, and 307 methanol (M) + T,
E: fraction MEN solvent system- 5% E + 95% H, 20% E +
.c BO% H, 40% T+ 60% H, 80% E = 2uy H, and 100 M,
&2 fracrion MMA System: 80% F » 20% H, 100% E. 5% M -
. 8 3 95% E, and 10% M+ 90% E. fraction MMN 8O E ~ 20%

[ 3 M, 100% E, 5% M = 95% b, and 10% M + 9% F.

. g Effects of Fractions of Minor Constituents
= on the Color Stability of POA

. 4
0.042

The method described previously (2) was used,

Analytical Methods

. =
L= lodine value and acid vaue were determined aceording to
AOUS Official Metheds (4), Saponificazion value and hy
droxyl value were determimed according w Meblenbacher's
g provedure (5). Carbanyl value was unalyzed by the methods
Ng of Bhalerao ¢t al. 16). Molecular weight was determined
witk a2 Mechroh vapor pressure osmometer, Maodel 301A
iHewlewr Packard, Avondale, PA), using methanal as the <ol
g went Fiementa: analyses were carrwed out by the Schwarte-
_‘_g kopt Muicro Analviiea Laboraton. Woodside, NY, IR
studics were made with 1 Beesman IR-8 Spectrophotom
eier. Colaz suabiiiny measusement was determined aceording
w the AOQCS Otficial Methad, Td 22 64 {4}, using a Beck
~ man DG B spectrophoiometor,
&
& = Hydrogenation and Reduction of Minor Constituents

Hy drogenation was done according o the method of Alex-
ander and Cope (7), using Pd-C as the catalvst. Reduetion

;g with NaBH4 was done dccording to the method of Chaiken
o and Brown {(8). Reduction with LA, was sccompushed
aveunding o the method of Frankel et al. 093,
~
68
o

RESULTS AND DISCUSSION

@
™ .
o Material Used
S
: We hoped that representative caniples of cormmercidl olei
sad produced by different manufaciurers could e used.
oS The Research Committee of the Faty Acid Producers’
p Council proposed the use of a blend of equal amounts of

commercial ol dond produeced by 1O major manrafactarers
s that the minor constituens present in Jifferent conimer

FIG. 1, Isolation and fractionation of mmor constituents of mixed commercial oleic acid {MCOA).

g _§ cral elere acids could be covercd.
£ isolation and Fractionation of Minor Components

. § Acuvated siticw acid effectively remaoved the minor compo

© £ nents frum the MCOA and the elaaze from the column was

= i aimosi coloriss. The minor eomponents adsorbed by the
silicic acid formed 2 bands: a dark greenish, brownered on
the o, and & vellowish red one beneath ir The total minor
componenis were 1L1RS of which 1.12™ was ether cludte
and 0.06% was methdanol eluate.

I
1
0.062
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Effect of Fractions of Minor Constituents
on Color Stability

All the subfractions of minor constituents in Figure 1 from
the MCOA were tested o study the effectiveness in causing
the darkening of punfied oleic acid dunng heaung under
air. The increases in color, as measured by the Photometric
Index at 550 mu after different fractions of minor con-
stituenes were added m vanous amounts o POA and then
heated ar 200 C under ar for one hour, are showr in
Figures 2 and 3.

The degree of darkening of oleic acid dunng heaung was
propurtivnal to the amount of minor constituents added.
The merhanol cluted minor constituents, MMN and MMA,
were more detrimental o the color stabulity of wleic acid
than the ether-cluted minor constituenis, MEN and MEA.
The MEN and MEA are less polar than the MMN and MMA
(Fig. 2). Among the subfractions of MMA, the most puiar
subfracnion (MMA-1) gave the most severe adverse effect
on the colur stability of oleic acid dunng heating (Fig. 3).
These results were the same as those reparted by Min et al.
{2) 1n the cffects of minoer components from tail ol farey
acids (TOFAY on the cvolor stability of punfied TOFA
durnirg heating It appears that the more polar the fracton
of the mmor constituents, the strenger is its effectin caus
img the darkening of vlew acid during heating.

Characterization of Chromatographic Fractions
of the Minor Constituents

Although the fracuions of mnor constituents 1 wlew acid
were obtuined by repeated chromarography, s evident
that they sull are nor homaogenous, pure compounds. The
composition of the minar constituents 1y 50 complex that
ubtaining pure compounds is extremely Jdifticule. In addr
uen, even if a few pure eompounds are obained, they may
rot represent the general chenveal nature of the complex
m:xture. Fherefure, selected fractions of the mumor con
sttuents were andlyzed tor thar general chemica’ fune-
tinnal properties, nduding molecular weight, molecular
formula, and the numbers of carboxyl, ester, hydrosyl
and warbonyl groups. and double honds {Table 1) The
miner corstuents had moecular weiph s ranging from 308
te 830 which correspond to the «pprovimae moleculir
wenghzs of avygenated monorers and triners of alee aeid,
Thew minor constituents were quite pocar and rich
oxygen and had By droayl, carhany, and esier groaps They
also conrrmed viartous degrees of unsaturaton. The number

TABLE |

30

Pﬁotomeiric Index{SSOIM,u.]

o1 02 0a 04
% Minor Constiluents Added

FIG. 2. Effect of minor constituents from MCOQA on color stability
of oleic acid, MEA = ether-eluted acidic constituents; MEN = cther-
eluted nonacidic constituents; MMA = methanol-eluted acidie con-
stituents; MMN = methanol-eluted nenacidic constituents,

30 - -
MMA-4

Photomelng Index {550 M)

T

a1 02 03 04
% Minar Canstituents Added

FI1(. 3. Effect of subfractions of MMA on the volor wabilicy of oleic
acid,

Characterization of Mirtor Constituents of Mixed Commercial Oleic Acid

Number of
OXygen atoms

Molecular Molecular “O0H CO0OR -0l L= L£=C- unaccounted
Fraction formula weight Mol. Mol. Mol. Mol. Mol for
MEA-35-3 — 370 1.46 043 0.41 0.34 0.77 —
MEA-5-4 — 570 1.82 0.94 1.17 0.29 1.13 —
MFEA-6-3 - 402 i.30 0.6 1.10 0,31 0.99 —
MEA-&4 - 574 1.71 1.10 2.09 039 2.36 -
MEA-6-5 C,.H,0,, - 830 2,49 1.56 249 183 1.77 0.58
MEA-7 - 540 1.60 .76 2.62 0.75 1.29 -
MEA-8 - ’ 516 1.45 a6 1.45 .51 1.35 -
MEN-3 C oyt O3 NG 50 384 0.00 0.62 0.62 0.25 (.79
MEN-3 - 346 0.00 0.39 1.10 0.04 0.79 =
MMA-1 — 348 1.27 a.15 0.68 0.28 1.12 -
MMA-2 €, H, 0, 434 1.10 0.68 121 049  1.06 1.74
MMA-3 — <516 1.32 0.61 1.95 .38 1.31 —
MMA-4 - 346 1.32 0.64 2.03 043 1.41
MMN-1 - 318 0.69 1.02 0.27 0.00 1.04 —
MMN-2 C, 11,0, N, 308 0.08 0.17 0.74 o000 073 —

44 / JADCS, vol. 59, no. 1 (January 1982)
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of oxygen atems in the molecule. as derermined by ele-
mencal analvsis. could noc be entirely accounted for by the
sumzation of the functional groups analvzed. This might
indicate that sume oxygen atoms are presenc in iinking the
monemeric units or :n sume undnalyzed functional groups.
Generally speaking, as the polarity of the solvent used 1o
elute the fracuon from the silicic acid was increased, the
h_\.‘drox}'l groups wso ncreased, For example, MEA-5-3
has 0.61 hydroxyl group/moi and MEA-5-% has 1.17 hy-
drosyl group/mol {Tabic ). This is confirmed by the
infrared (IR) spectra of the fractions that the absorption
of hydroxyl group at 2.9 g was increased when selvents
with increasing pelarity were used fur elution. Those
tind:ngs were also abserved in the study of ninor compo-
nents in TOFA as reparted by Min et al, (2),

Minor componerts were highly viscous liguids with
colors ranging from shghr vellow o dark reddish brown
or greenish brown. The color and the wiscosizy ot the
fractions :ncreased as the poiarity of the sulvent used
fur their elution wus increased. This was alse true in the
previous study of TOFA (2}

One inreresting observanon s that the adverse cffect
ub the fractions of the minor constituents on the darken-
ing of punified ocere acid durng heanng can be correlared
with their polariy and was gencradly proporoonal o the
amount of hyvdroxyl groups in theirr moiecules. This s
true for hoth the acidic and nonacidic fractions (Table 1,
Figs. 2 and 3). The IR spectra of an acd:e and a nonac:die
minor constituent are showrn in Figures 4 and 5. The IR
speetta of the nonacidic minar consntuent ind:vated that
it might be an amide. However, the N T and Q-1 stretching
could be overlapped around 2.8 to 3.0 i, and C O streren-
ing absorptions from armide, aldehyde, ester and orher
carbonyl groups could overlap ane another in the region
from 5.7 to 6.4 K However, vlementsl andvsis did show
that nonacidic fractions contatn nitrogen from 1.2% for
MEN-3 to 3 5% for MMN 2,

Nonaka {100 reported that axidation of fish ol caused
no discotoraton, bur when certain volanle basic N ocom-
pounds were reacted with oil, the oil hecame dark red.
Nondka (11} alse observed thar Dish oil was disvolored when
it was in cortact with comniercial casemn, but not with
purificd casein. The color of fish ail in contace with com
mercial ¢asein apparently was cavsed by free NHy hiberated
by the decompuosition of ammomum salts, Nonaka (1)
further renorted that some amino acids and ammes cou’d
cause the same discoloration of £:sh oil,

The mechanism Tor an amide functoning as a cazaly<:
for darkening of oleic acid could he man:fested m 2 ways
2 pramary amide could be decomnposed to form ammoeria
and 2 secondary arde could form ar amine, Bath ammo
nia and apunes have caused discoloration ot heared fisk o
(11,12}

Reduction Studies of a Fraction of the Minor Constituents

In urder o clucidate the chemical nature of the effectve
tunctional groups of the minor cunstituents in causing the
darsness of punfied oleic acit duning heanng, a subfraccon,
MFEA-7. was reduced by the foliowing methods  (4) caa-
Ivae hydrogenation with Pd-Cand Hai {0 with NaBIH, for
24 hr. (¢) with LiAl g Sor 4 hr, od) with LiAlllg Tor 36 br.
The effect of the redaced samples an the calor stabiny of
purified oleic acid < shown in Figure &, The results indi
cadd that reduction of MEA-7 with PE-Cand [, or NeBl
did not atfect the activity of MEA 7 sigmificantly, althauagh
there was a slight decrease in activity 0 the second sample,
However, the veatment with THAWL for 36 hr conaderab!y
decreased the activine of MEA 7,

A ocomparison of the TR specirum of MEA 7 and it

TRANSMITTANCE (%)

WAVE LENGTH (4 }

FIG. 4. Infrared specoum of an acidic fraction of minor constitu-
ents isolated from commercial oleic acid.

TRANSMITTANCE {55}

WAVE LENGTH J i}

FIG. 5. Infrared spectrum of a nonacidic fraction of minor constitu-
ents isolated from commercial oleic acid.

MEA-7
Pd-C, H
120 - ; ‘NaBHq
LIAIH« - 4 hrs
100~
80—

LiAIH, - 36 hrs

50—

Photometric Index Measured at 440 mu

40

20—

Concentration (%) of Minor Constituents
Addad into Oleic Acid

FIG. 6. Effect of MEA-7 and its reduced products on the color sea-
bility of pure olcic acid.

reduced forms indieated that catalyue Avdrogenation with
PJd-C and reduction with NabHa inereased the hydroxyl
groupr content of the sarmaple (Fig. 7). This was confirmed
by an :ncrease inanrensity of the OH seretcking vibration
band at 2.9 4 and also by the appearance of an additionai
OH bending vibraton ay 9.2 2 for the ater, The increase
in hydroxyl group due o the reduction of the unknown
functiona groupts) by ather Pd ¢+ Ha or NaBl, did not
significantly decrease the activing of MEA 7, which suggests
that the unknown functivnal wroup{s) which was reduced
by cither Pd-€C « H; ur NaBHs 15 probably of no grear im-
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MEA-7 reduced
:Vith Pd-C, I;iz

AL
z k] 4 H & T 3 9 0 11 12 3 14 15

%\
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o
= 50
=
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=
-
i
S

MEA-7 reduced
:Nith NaBH<I
i

2 3 * 3 g T a8 E "0 11 12 13 14 15

= MEA-7 reduced
with LiAIH, (4 hrs.}
i L L 1 1 L 1 1 L | i 1
2 3 * L L] T & ] 13 " 12 13 14 15

5 MEA-? reduced
with LiAIH, (36 hrs)
1 1 1

1 L 1 1 L 1 1 L 1
2 3 4 5 L} 7 L] L] L] n L 13 AL 1%

WAVE LENGTH { i )

FIG. 7. The infrared spectra of a fraction of the minor consriruents
before end after various methods of reduction.

portance to the actviey of the nunor constituents vn tie
coler stahility of oleic acid.

The L:AIHL treatment far 4 hr compietely reduced the
carbonyi, carboxy and ester groups of MEA-T 1o hy
droxyl group as was evidenced by the tatal dwappezrance
of €2-0 stretching vibration at 5 8 1 and rhe grear increase
i Ol ahsorption at 2.9 4 of IR specira (Figs. 4 and 7).
Since the LiIAIH treavnent for 4 Ar did nos -:igr-.:f:c.mt.'}'
decrease the activity of MEA T on the color stability, the
C-0 yroups were probahly nor responsible for the acnvn
nt the mmor consutuents on the coler stabiiny of oleic
acid dunng heating as seen in bigure 6 The companson
berween the IR spoectra of MEA 7 reduced with LiAlllg

46 / JAOCS, vol. 59, no, 1 {January 1882}

treatment for 4 and 36 hron Figure 7 indicated that the
intensity of QN absorpiion at 2.9 ¢ of the 36-40r saniple
was much greater than thit of the 4 br sample. Since the
C O groups of MEA-7 were eompletely reduced into OH
group after LIAIIL, treatment for ounlv 3 hr (K 7), the
additional increase in QN shsompzon inensiy in the 3o hr
sample compared ro that of the 4 hr savpie is most kel
due o the reduction of the snknown funciong BrOLpis)
ather than C-0 groups by LiAlH, Since the 36-hr samiple
reduced the MEA 7 actvity sgahicantly, the unknown
funciiona groun(s) whiwh can be reduced by LiAH, are
Eighly responsible for the darkening of olew acid during
heating. These facts were also observed @nnunor compo
nents in TOFA as reported by Min e al, (2).

[t has been concluded before in this paper that there is
¢ positive cutrelation Detween the conteat of hvdrosyl
groups in the minor eomstituenis and the adverse effeuts
ar the colur stability of oil during heating (Table [ Tigs. 2
and 1). However, a significant increase i hydroxyl groups
by reduction with LiAIH, or NaBHg reselied in i ouss of
the cffectiveness in causing discoluranor, thus, it appears
that not all hydroxy| groups are respunsible for the darsen-
ing effect to purificd oleie aeid, Min et al (2) have demon-
strated that, an sirmlar cases of TOFA, only the hvdrox|
group wicazed in the a postuon to the double berd inothe
melecele could cuuse darkening of the PTOA durning heat

g
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