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ABSTRACT

Farty acids were prepared froen el tallow in the laboraory by
akalizanon and acidification under a nitropen awm mp‘tc'c at
wemperatures helow 100 ¢, T'he minor constituents in the beef
tallew fatty acids were sanared by the tlicic aid medhod as s
cribed previously, They were Ffractionated by silicic weid liguid
column chromatography and charactenzed by chemival funelional
group analyses, clemental anuyses and infrared spectrophotometric
metheds. The resclts suggest that the minor constituents in commer-
cidl farty acids were purrly presert in the onginal rw materal of
beef wallow and were partiy Sormned as artifacts during the manufac
WrNg process,

INTRODUCTION

We reported in our previous papers (1-3} that commercial
owiv acid contains minor constituents which can he 150
lated by 1 sdicic aad column method, The minar consu-
tuenis have been fracijonated by gradient clution liquid
column chromatography and ihe fractions characrenized. It
wis found that the minor constituents had an adverse effect
on the colar stability of oleie acid. When added to purnified
oleic acid in trace amouats, they could increase the darsen
ing of the oleiv acid dunnyg heanng, This paper is an at-
tempt o trace the orgin of such minor corstituents in
commercial oleic acid.

EXPERIMENTAL PROCEDURES
Materials

The mixed beef tallow (MBT) used was a composite sample
of equal weights of heet taiow supplied by cach of 10
compantes. At the same time, cach of these 10 companies
also submitzed an vew acid produced from the sanie bazch
of beef wllow. The mixed commercial oleic acid (MCOA)
was obtained by mivng equal weights of the 10 commer-
cial olese acids. The study on the eharacterization of minor
constiteents in MCOA has been reported (),

Isclation and Fractionation of
Minor Constitusnts from MBT

The MBT was converted into free fatty :cids by alkaliza
tion and acidification under & nitragen atmosphere at a
temperature below 10k C (Fig. 1), The crude free faury
acids (233 ky were dissoived in an equal volume of hex-
ane, and the sduu’on was passed through 5 sifleww acid
columns (4,4 < 55 cm) 1o yield the purified faty acids,
which were lurthc- '-Lp.ll'.ll‘(..\l o liguid and solid f.:lt\
acids by low temperature solvent orvstalization, The niaor
constiuvenss rerained on the column were st eluted with
ethy. cther, The cludte (k) was sepirates into an ether-
solube fraction (E5) and a precipiuate fraciion (EP) by
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Folding the solution at 0 ¢ for 48 hr. The cther-saiuble
fraction was then separaied into acudic compounds (ESA)
and nonacidic compounds {(ESN} (Fig. 1), The minor
consttuents retained on the coumn afier the cther elution
were turther elured with methanol, and the merhanol
eluate (M) was aiso separated inwe acidic (MA)Y and noa-
acidic (MN) compounds. The 4 fractions thus obiained,
viz., ESA, ESN, MA and MN, were fracttonared into sub-
fractons by liquid column chromawography as described
previously (2,3),

Effect of Fractions on the Color Stability of POA

The method desenbed previously (31 was used. A sub-
fraction of minor constuents was aritrarily reparded as
effective when it caused an increase incocor :niensity of 20
units/0. 1% of added subfractions into purificd oeie acid
(POA) (1} when measured spectrometricaly at 440 mp
afrer heating at 200 C under air for 1 hr.

Analytical Methods

lodine value and acid value were Jetermined according to
AQCS Official Methods Te 1a-64 and Te ludd, respectively
(41, Saponficarion vaue and hyvdroaxvl value were deter-
m:ned aceording 1o the methods described Ly Mchlen
bacher (5), Carbony. vaive was analyzed by the method of
Bhalerao et al. (63, Muolecular weight was determined with
a Mcchrolab vapor pressure osmometer Model 301A (Hew-
lerr Packard, Avondale, PA), using methanol as the salvent.
Flemental anialyvses were done by Schwartzkopt Micro
Analyueszl Laboratory, Woodside, NY, Infrered (1R) stedies
were mude  with a2 Beckman 1R-B spectrophotometer.
Color stability measurement was determined according to
AQCS Official Method Td 2a-64 (4), using a Beckman
DB-G spectrophotometer.

RESULTS AND DISCUSSION

Effect of Fractions of Minor
Constituents on Color Stability

Al the fractons of minor consutuents from MBT in Figure
1 were tested for their effecuveness in darkening of POA
du '“b heaung under aie. The carkening effect of the
suBrfraction of FSA and ESN of minor constituents frem
MBT are shown in Figures 2 and 3, The degree of darkening
of POA during heatng was proportional 1o the amount of
minur constituents added. The effects of mnor conssitu-
ents from MBT were very similar to those of the munor
constutuents isolared from the MCOA (2} with respect
to causing the darkening of POA |

One observation is that the effectiveness of the fractions
of the munor constituents on the darkerung of punfied
oleic acid during heating was well correlated with their
polarity and was generaly proporiional to the amount of
aydroxy! groups in their molecules, This s true fur both
the acidic and nonacidic fractions (Table !, Fig. 2 and ),
Th:s vbservation is further supported by the size of the IR
absorption peak of the hydroxyl group at 2.9 ¢ a5 shown
in Figures 4 and 5.

The eleaental analysis of MBT subfractions ESN-} and
MN- contamed 2.07 and 2.66% of nitroger, respectively
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FIG 1_Iwlation and fractionation of minor constituents of mixed beef tallow (MBT) .
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ORIGIN OF MINOR CONSTITUENTS OF OLEIC ACID

TABLE 1

Characterization of the Minor Constituents from Mixed Beef Tallow

Molecular Molecular -COOH/ -COOR/ -OH/ -C=0/ -C=C-/ Number of oxygen
Fraction formula weight mol mot mol mol mol atoms unaccounted for
ESA-4 — 520 1.66 0.17- 0.56 0.63 1.07 —
ESA-5 - 712 2,07 0,66 3.16 0.70 145 -
ESA-6 - 786 202 0.73 3.12 0,94 1.74 -
ESA-7 CyoHee Oy 1062 2.32 0.95 2,59 1.80 2.38 5.09
ESA-8 - 850 2.09 1.09 4.68 0.56 1,55 -
ESA-9 - C 424 0,99 022 3.90 0,08 = -
ESN-4 CuoHiO 1Ny s 384 0.00 0.68 1.27 0.16 0.78 -
ESN-3 — 294 0.00 0.41 1,03 - 012 0.534 -
MA-2 Ca 1,50, 646 1.38 0,33 1.28 0.47 092 3.83
MA-3 Cy,H,50,, 634 1.35 0.00 2.41 0,23 0.25 5.66
MN-2 — 318 0.00 0.67 2,07 0.03 0.59 -
MN-3 — 350 0.00 0.35 1.06 0,07 0,53 -
MN-4 CyHy O N, o 402 0,00 0.62 110 0.00 0.59 -
MN-5 - 484 -0.00 0.59 1.92 0.00 0.61 ~
100
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FIG. 4. Infrared spectra of acidic fraction of minor constituents
isolated from fatty acids prepared in the laboratory from beef
oW, ! :

(Table [). The IR sprerra of these compounds sugresied
the possible presence of amide groups. Detailed IR spectra
Inerpretation on amide and the possihle effects of anude
on the color stability of aleic acid during heaung are
discussed in detail in a previous paper(2),

Chemical Nature of the Minor Constituents

The isolated minor consutuents were highly viscous liguids
with colors ranging frum sight yellow to dark reddish-
brown. The analyses of <elecred fractiuns of the minor
consitizuents from beel faliow fatry acids are shown in
Table L. The results indicate that the miroer construenss
were highly oxygenited compounds cortarning Avdroxyl
and carbonly groups and had various degrees of unsaura-
tion. The number of oxygen aroms in the molecule as
determined by elemental analysis cauld nov be enurely
accounted for by all the tuncuonal groups analysed, This
mighz indicate that some oxygen aroms were present in
linking the monemeric units, or in some unanacyzed funce-
tonal proups.

The chemical analyses of tie minor constituents ot fasty
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FIG. 5, Infrared spectea of nonacidic fractions in fatry acids pre-
pared in the lahorstory from beef tallow.

acids of beet tallow prepared in the lzboratory {Table 1)
indicared thas they are the same type of compounds as
those found in MCOA (2). However, there are a number of
significant differences. The muolecular weigh:s of the minor
constiiuents isol1ied from MBT ranged from 318 ta 1062,
whick is considerabiv higher than those of the minor
caonstituents of MCOA, wh:eh ranged from 308 to 830102),
None of the minor constituents (except FSA 8) solated
from the MBT contained more than one ester groun. This
was different from ihe minor constituents :solated from the
MCOA whichk hed 3 tfractions conmaining probably 2 ester
groups (21, The munur consutuents asolited from the
MBT contained a significantly higher amount of hydroxy!
groups than those isofated from the MCOA, Some of the
minor constiuents 1snizted from the MBT countained as
many as 5 hyvdroxy! groups per mulecule, whereas those
from the MUOA contained no more than 3.
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TABLE II

Comparisen of the Quantity of Minor Constitueno from
Mixed Commercial Oleie Acid and Mixed Beef Tallow (%)

Effective minor constituents

Total minor Total effcetive

constituents EA EN MA MN

minor constuents
Mixed commercial
oleic acid 1,18 027 012 0,04 0.02 0.45
Mixed beef tallow 1,09 0.10 0.07 a.02 0.02 0,21

Qrigin of the Minor Constituents
in Commaercial Oleic Acid

Sim:tar minor constituents with similar chemieal functional
groups and similar ¢ffects on the color stability of purfied
oleic acid durng heaung were found in both commercial
aleic acid (2) and 10 fatry acids produced from beef tallow
in the isborarory (Table [ and Fig, 2-5). Since the farty
acids were prepared from beef tailow in the laboratory
under 4n inert atmosphere at teniperatures no higher chan
100 ¢, 1t s reasonable o assume rthat a porton of the
minor cunsuitents in the commercial oeiv acid was ong
inally preseatin the raw material, beet rallow.

Thke companson of the amount of the minor constitu
ents isolaied from the MCOA and the MBT 1s shown in
Table [I. There wat a toral of 1.18% minor constituenis in
the MCOA, and only 1,09% in the MBT, Furthermore, the
tota: amount of the minor constituents which could effect
the darkening of wew acid during heating was 0.45% 1min
the MUOA and only 0.21% 10 the MBT. This indicazed that
the minor consttuents in the MCOA were not endirely
present in the raw material, the MBT, They might be partly
produced durng the manufactusing process.
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Qualitative and Quantitative Comparison of Minor Constituents
in Different Commercial Oleic Acids'
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ABSTRACT

The minot constituents from a high quality commeraial oleic acid
(SCOA) were isavated and fractionated by {iquid column chramatog
raphy. They were chemically characterized and their effects on the
color stability ol oleje acid Juring hearing were determined. The
resuats were compared qualinatively and quandiacvely with those
from a mixture of commercial oleic acids (MCOAY maaclaceured
by 10 companies. It was fourd that, gualitatively, SCUA and MCOA
contaired the same tvpe of miror constitruents. However, guantita-
tively, the M{GOA contained 1.18% of minor constituents whereas
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the SCOA contained only U.E1% of minor constituenrs. The amount
uf cffective munar constituents wkich 1ad ar adverse effect on the
coior stahility of olcic acid during heating was 0.09% for SCOA
N.45%% for MCUA,

INTRODUCTION

We reported inoour previous papers £1-3) that commercl
aler acid contains minor constiients which can he isolated
iy g silicic acid enlumtn method, The pnor constituents
have been fractionated by gradient elenon Eguid column
chramatography and the fractions charactericed. It was
found that the minor constituents had an adserse offect on
the color suabdlity of vleic acid When added o parnfied
e acid inotrace amounts, they could incerease the darken-
ing OF the oleie acid during heaung,

This paper reposts the gqualitanve and quantitative com-
parison betweer the munor constituents solated frum g
single vommercial olew acid of the hiphest guairy and



