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&Lipid from Yeast Fermentation: Effects of Cultural Conditions

on Lipid Production

and Its Characteristics of Rhodotorula glutinis
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Korea Advanced Institute of Science and Technology, Seoul 131, Korea

ABSTRACT

To produce lipids from microbial origins, Rbhodotorula glutinis
(syn. Rbodotorula gracilis) NRRL Y-1091 was cultured in batch and
continuous systems under nitrogen- and carbon-limited conditions.
The lipid production patterns are shown to be different from each
other depending on growing conditions. In continuous cultures
under nitrogen-limited conditions, the maximum lipid accumulation
was observed at the lowest dilution rate examined, giving the effi-
ciency of substrate conversion of 16.4 g lipid per 100 g glucose con-
sumed. As the dilution rate increased, cell biomass, lipid content,
lipid productivity and lipid yield decreased. In carbon-limited con-
tinuous cultures, cell biomass decreased with increasing dilution
rate, but lipid content remained almost constant. Neutral lipid por-
tions in nitrogen-limited cultured yeast cells decreased as the dilu-
tion rate increased, and glyco- and phospholipid portions showed
the reverse trend. Major components in the neutral lipid portions in
yeast cells are triglyceride, free fatty acid, steryl ester and sterol.
Phosphatidylserine was the predominant phospholipid in yeast cells.
The dilution rate also affected the fatty acid composition of all lipid
portions; polyunsaturated facty acids increased and saturated and
monounsaturated fatty acids decreased with increasing dilution
rates. The degrees of unsaturation of each lipid class and total
lipids were also increased by increasing the dilution rate.

INTRODUCTION

With the increasing demands for fats and oils for edible and
industrial purposes, many assessments have been made to
find new possible lipid sources other than the conventional
plant and animal sources. As a result of such assessments,
the lipid from microbial origins was found to be a possible
source. As a matter of fact, the microbial lipid production
has long been an attractive subject of research interests in
both laboratories and industries (1—4).

Most of the organisms used for lipid production were

*To whom correspondence should be addressed.

yeast, fungi and algae (5, 6). Lipid production with Rbodo-
torula glutinis (syn. Rbodotorula gracilis), one of the
oleaginous yeasts used widely, have been carried out for a
long time and continued to recent years (7—9). The charac-
teristics of lipids of R. glutinis obtained from batch cultures
were well established with respect to the effects of nutrient
sources, pH and temperature (10—12).

The continuous cultivation of R. glutinis, however, was
first performed by Ratledge and Hall to study the oxygen
demands under nitrogen- and carbon-limited conditions
(13). In another work of Ratledge and Hall (14), they re-
ported that the fatty acid compositions of total lipids were
unchanged depending on the growth rates under nitrogen-
limited conditions, but slight changes were observed under
carbon-limited conditions. In contrast to the results of
Ratledge and Hall (14), we found that the fatty acid com-
positions of total lipids were changed as the growth rate
altered under nitrogen-limited conditions and, therefore,
the degrees of fatty acid unsaturation were also changed
(15).

The analyses of lipids from R. glutinis in the above-
mentioned studies (14, 15) were all aimed at the analyses of
total lipids. The characterization of fractionated lipid
classes in R. glutinis and fatty acid compositions of each
lipid class have not been reported elsewhere to our
knowledge. In this paper, we report the lipid production
data obtained from batch and continuous cultures and the
results of analyses of lipid classes in R. glutinis; we believe
this is the first report to elucidate the quantitative and
qualitative changes in lipid classes depending on the growth
conditions,

EXPERIMENTAL PROCEDURES
Materials

Standard materials used in thin layer chromatography

JAOCS, vol. 60, no. 7 (July 1983}
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(TLC) and high performance liquid chromatography
(HPLC) such as cholesteryl oleate, cholesterol, triolein,
diolein, monoolein, cerebroside, all fatty acids and phos-
pholipids were purchased from Sigma Co. (St. Louis, MO).
Stearyl glucoside, monogalactosy! diglyceride and digalac-
tosyl diglyceride were obtained from Applied Science Lab.
(State College, PA). Solvents of chromatographic grade
were. purchased from Burdick & Jackson (Muskegon, MI).
All other reagents and chemicals used were of analytical
grade.

Microorganism and Medium

A strain of the yeast Rbodotorula glutinis NRRL Y-1091
was used in this study. For nitrogen-limited cultivation of
the organism, the synthetic medium was used and it con-
tained (per liter): 0.134 g CaCl,*2H,0; 0.73 g MgS04;2 ¢
Na;HPOy4; 7 g KH,POy4; 0.5 g yeast extract; 1 g (NHy)2S04;
and 35 g glucose. For carbon-limited cultivation, composi-
tions of all components were the same as those for
nitrogen-limited medium except (NH4),SO, and glucose:
3 g (NH4),S04 and 15 g glucose per liter. The nitrogen con-
tent in yeast extract used (Difco, Detroit, MI) was 7.2%
(wt) determined by micro-Kjeldahl method (16). Carbon to
nitrogen ratios in the nitrogen- and carbon-limited media
were 56.5 and 8.9, respectively. Glucose solution (1.5 or
3.5%, w/v) was made up in distilled water and mixed with
the salt medium after sterilization for the batch- and
continuous-culture run. The silicone antifoam agent used
was Antifoam A Compound (Dow Corning, Midland, MI).

Batch and Continuous Cultures

A 5-L jar fermenter (New Brunswick Scientific Co., Edison,
NJ) system was employed in this study. The operation con-
ditions and control set points were: 2 L working volume,
30 £ 0.5 C, pH 5.5 £ 0.1, 2 L air/min, and 700—800 rpm
agitation. Medium flow rate was adjusted and controlled
as needed using auxiliary Masterflex pumps (Cole-Parmer,
Chicago, IL). pH was maintained at 5.5 with 2N HCI and
2N NaOH by use of an automatic pH controller (New
Brunswick Scientific Co.). In continuous cultivations, the
steady-state conditions could be obtained after continu-
ous flow of 4—5 working volume of medium.

Analytical Methods

Cell concentration was measured by dry cell weight. Resi-
dual glucose concentration in the fermenter vessel was
determined by dinitrosalicylic acid method (17). Residual
ammonium nitrogen concentration and protein content in
yeast cells were measured by the micro-Kjeldahl determina-
tion (16). Lipids were extracted from the dried and ground
yeast cells by modified percolation method (9) and were
purified by Folch’s washing method (18). Then the purified
lipids were fractionated into neutral-, glyco- and phospho-
lipid with silicic acid column chromatography (19). The
fractionated lipids were characterized by TLC and HPLC.
In carrying out TLC, the precoated silica gel plates (20 cm
X 20 c¢m, 250 um thickness, E. Merck) were used and sol-
vent systems used were as follows: neutral lipid, petroleum
ether/diethyl ether/acetate (100:15:1, v/v/v); glycolipid,
chloroform/methanol (110:40, v/v); phospholipid, chloro-
form/methanol/water/18.4% ammonium hydroxide (130:
70:8:0.5, v/v/v/v). TLC plates developed in appropriate
developing solvents were air-dried and visualized by one of
the following methods: iodine vapor adsorption, charring
with 50% sulfuric acid in methanol and with 20% perchloric
acid. The free fatty acids of neutral lipid and glycolipid
were obtained by alkali hydrolysis (20) and those of phos-
pholipid by acid hydrolysis (21). The fatty acid composi-
tions of each lipid class were analyzed by HPLC (Waters
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Associates ALC/GPC-244, Milford, MA) equipped with
R401 RI detector. The column used was yu-Bondapak C18
and the specification and operating conditions were as
follows: elution solvent, methanol/chloroform/water (70:
19:10, v/v/v); sample solvent, chloroform; flow rate, 2
mL/min. The quantification of peaks was done by com-
parison of peak height. The conversion factors, height to
weight, for each fatty acid were previously calculated.

RESULTS AND DISCUSSION

Batch and Continuous Cultivation

In the fermentation system to obtain more microbial
lipids, the cultural medium should involve the minimum
nitrogen sources only for cell proliferation and excess car-
bon sources being channeled to lipid biosynthesis. In this
study, however, the cultivations in nitrogen-limited and
carbon-limited conditions were conducted to compare
such cellular responses as biomass and lipid production and
alteration of lipid characteristics depending on the growth
environments.

The profiles of cell growth and lipid production in
nitrogen-limited batch culture are shown in Figure 1. The
maximum specific growth rate measured was 0.13 hr™!
under the given conditions. In this culture, the lipid accu-
mulation was initiated at 20 hr after the beginning of
fermentation and continued to 70 hr. At the end of 70 hr
fermentation, the maximum biomass concentration (14
g/L) was reached with 58% lipid content. Lipid production
(g lipid/L fermentation broth) also reached its maximum
value at 70 hr fermentation time.

LIPID
PRODUCTIVITY
Cg/1/hr)

LIPID CONTENT(A)

BIOMASS, LIPID PRODUCTION(g/1)

0 0 20 40 60 80

FERMENTATION TIME(hr)

FIG. 1. Relationship between cell biomass, lipid content, lipid pro-
duction, and lipid productivity and fermentation time of R. glutinis
grown in nitrogendimited batch culture: c—o, cell biomass; 2—2,
lipid content; #—e, lipid production; and a—a4, lipid productivity.

Lipid productivity (g lipid/I. fermentation broth/hr)
was computed by graphical differentiation of lipid produc-
tion curve. The proliferation of cells was curtailed at ca.
40 hr fermentation time due to the depletion of nitrogen
sources (not shown in Fig. 1). In spite of the cessation of
cell proliferation, the biomass concentration continued to
increase. This increase was due to the accumulation of extra
lipid synthesized from surplus carbon sources. This accu-
mulation pattern of extra lipid was strongly confirmed by



1283

LIPID FROM YEAST FERMENTATION

the profile of lipid productivity which showed the occur-
rence of the continuous lipid production even after the
cessation of cell propagation.

As shown in Figure 2, the biomass concentration, lipid
content, lipid production and lipid productivity were
significantly lower in carbon-limited culture than in
nitrogen-limited culture. The maximum specific growth rate
measured was 0.24 hr™! under carbon-limited condition.
The maximum lipid productivity in carbon-limited culture
was about one third of that in nitrogen-limited culture.
Lipid production in carbon-limited culture, in contrast to
nitrogen-limited culture, ceased at the late logarithmic
phase, that is, there were no surplus carbon sources in
the medium which could be utilized for storage lipid
biosynthesis.

The continuous cultivations of R. glutinis were carried
out in the dilution rate range of 0.02—0.1 hr™! in nitrogen-
limited conditions and 0.03—0.16 hr ! in carbon-limited
conditions. Table I shows the effects of dilution rate (D) on
biomass concentration, lipid content, lipid productivity and
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FIG. 2. Relationship between cell biomass, lipid content, lipid pro-
duction and lipid productivity and fermentation time of R. glutinis
grown in carbondimited batch culture: 0—oc, cell biomass; A—a4,
lipid content; #—e, lipid production; and A—a, lipid productivity.

TABLE I

lipid yield of R. glutinis grown in nitrogen- and carbon-
limited conditions. In the dilution rates examined, maxi-
mum lipid productivity was observed to be 0.077 g lipid/L
fermentation broth/hr at D = 0.02 hr™! in nitrogen-limited
cultures. The efficiency of conversion from carbon source
to lipid, designated by lipid yicld, was also shown to be
highest at D = 0.02 hr™'. With the increase of dilution rate,
biomass concentration and lipid content decreased
gradually in nitrogen-limited cultures. However, in carbon-
limited cultures, lipid contents did not change significantly
depending on the changes of dilution rate, indicating that
there were no cellular storage lipids and that the yeast cells
contained only structural and functional lipids at almost
constant level. Similar results were also reported with R.
glutinis (14) and with Candida 107 (22).

Relationship between Dilution Rate
and Lipid Classes

The lipids obtained from batch and continuous cultivations
were fractionated into neutral-, glyco- and phospholipid
using silicic acid column chromatography and the results
are shown in Table II. The average recovery yield of column
chromatography was in the range of 96—103%. Purity of
each fracrionated lipid was checked by TLC.

In the lipids obtained from nitrogen-limited cultures, the
neutral lipid was found to be the predominant one and the
proportions of ncutral lipid decreased as dilution rate in-
creased. However, the proportion of glycolipid and phos-
pholipid increased with the increase of dilution rate. The
proportions of neutral-, glyco- and phospholipid in total
lipid of R. glutinis grown in nitrogen-limited batch culture
after 80 hr fermentation time were 84.1%, 8.3% and 7.6%,
respectively.

The proportion of neutral lipid in carbon-limited cul-
tured yeasts also depended on the dilution rate: the amount
of neutral lipid increased as the dilution rate increased. On
the other hand, the proportions of glyco- and phospholipid
showed the reverse trend. The contents of neutral-, glyco-
and phospholipid in R. glutinis grown in carbon-limited
batch culture after 50 hr fermentation time were 65.4%,
28.2% and 6.4%, respectively.

The major lipid class included in microbial storage lipid
was known to be neutral lipid, especially triglyceride (23).
The maximum lipid accumulation occurred at the lowest
dilution rate in nitrogen-limited cultures and the propor-
tion of neutral lipid was the highest at 83.6%. At higher
dilution rates in nitrogen-limited cultures, more glyco- and
phospholipid were present than at lower dilution rates.

Effect of Dilution Rate on Biomass and Lipid Production of R. glutinis Grown in Continuous Cultures

Specific lipid Lipid yield
Dilution Lipid Lipid production rate (g lipid/
rate Biomass content productivity (g lipid/g lipid- 100 g glucose

(hr-1) (g/L) (%) (g/L/hr) free biomass/hr) consumed)
Nitrogen-limited 0.02 6.7 57.2 0.077 0.027 16.4
0.04 3.9 37.0 0.058 0.023 7.1
0.06 2.6 16.9 0.026 0.012 2.6
0.08 1.6 16.2 0.021 0.015 2.5
0.10 1.4 13.6 0.019 0.016 1.8
Carbon-limited 0.03 4.1 13.3 0.016 0.005 3.7
0.06 3.4 15.5 0.032 0.011 3.8
0.10 2.1 11.2 0.024 0.013 2.6
0.13 1.6 15.0 0.031 0.023 3.6
0.16 11 12,0 0.021 0.022 2.1

JAOCS, vol. 60, no. 7 (July 1983)
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TABLE 11

Relationship between Dilution Rate and Proportion of Lipid Classes in R. glutinis

Dilution rate Neutral lipid Glycolipid Phospholipid
(hr-1) (%, wt) (%, wt) (%, wt)
Nitrogen- 0.02 83.6 5.7 10.7
limited 0.04 83.3 5.8 10.9
0.06 75.9 12.3 11.8
0.08 70.5 12.2 17.3
0.10 54.7 211 24.2
Carbon- 0.03 38.9 34.7 26.4
limited 0.06 51.1 31.0 17.9
0.10 51.8 25.0 23.2
0.13 62.0 23.7 14.3
0.16 67.8 19.6 12.6

This might indicate that yeast cells in higher dilution rates,
i.e., in higher growth rate, needed more structural and
functional lipids. However, the increase of neutral lipid
proportion in R. glutinis grown in carbon-limited condi-
tions with increasing dilution rate seemed to be due to the
synthesis of more functional and structural lipids such as
sterol and steryl ester which were involved in the pool of
neutral lipids (24) (see also TLC section). Similar results
were reported by Gill et al. with another oleaginous yeast,
Candida 107 (22).

TLC of Fractionated Lipid Classes

With the lipid classes obtained from yeast cells grown in
nitrogen- and carbon-limited batch cultures (see above), the
characterization of each lipid class was performed by TLC.
With comparison of R¢ values of standard materials, it was
found that steryl ester, sterol, free fatty acid, mono-, di-
and triglycerides were present in neutral lipid portion of
both batch-cultured yeasts. Tocopherol was not detected in
neutral lipids of any cultures.

For quantification of the components, the charred TLC
plates were applied to the Fiber Optic Scanner (Kontes,
Model 800, Vineland, NJ). Emission peak of phosphorus-
coated disc of the scanner was 440 nm and the results are
given in Table III. The presence of triglyceride was more
pronounced in nitrogen-limited culture than in carbon-
limited culture. But in the cases of free fatty acid, steryl
ester and sterol, the reverse trends were observed. Mono-
and diglycerides were also detected only in trace amounts.
The compositions of phospholipids obtained from both
cultures were similar to each other except phosphatidyl-
choline; phosphatidylcholine was more pronounced in
carbon-limited cultures than in nitrogen-limited culture.

In glycolipid portions obtained from both cultures, 9
or 10 spots werc detected. Because of the unavailability of
glycolipid standard samples except sterylglycoside, mono-
and digalactosyl diglyceride and cerebroside, we could not
identify all spots detected. These four glycolipids were
detected in both cultures and the sum of them was in the
range of 11-15%.

Fatty Acid Compositions of Lipid Classes

The fatty acid compositions of each lipid class are shown
in Table IV. In neutral lipids of nitrogen- and carbon-
limited cultures, the contents of polyunsaturated fatty
acids (linoleic and linolenic -acid) increased but mono-
unsaturated (oleic acid) and saturated fatty acids (palmi-
tic and stearic acid) decreased as dilution rate increased.
The trend of variation in fatty acid composition of glyco-
lipid was almost the same as that of neutral lipid. Under

JAOCS, vol. 60, no. 7 (July 1983)

TABLE 111

Compositions of Neutral Lipid and Phospholipid of R. glutinis
Grown in Nitrogen- and Carbon-Limited Batch Cultures

Nitrogen- Carbon-
limited limited
(%)2 (%)
Neutral lipid

Triglyceride 79.8 339
Diglyceride b tr

Monoglyceride tr tr

Free fatty acid 5.4 38.1
Steryl ester 8.6 11.3
Sterol 3.1 12.9
Unknown 2.9 3.5

Phospholipid

Phosphatidylserine 47.9 39.9
Phosphatidylethanolamine 14.6 12.3
Phosphatidylinositol 12.1 10.7
Lysophosphatidylcholine 12.0 10.4
Phosphatidylcholine 6.9 18.7
Cardiolipin 2.2 4.0
Phosphatidic acid tr tr

Unknown 4.2 3.7

aPercentage distribution by area, not weight.
bTrace amount.

carbon-limited conditions, the content of linoleic acid in
phospholipid decreased and oleic acid increased as dilution
rate increased. Linolenic acid was detected only in trace
amount.

The degree of fatty acid unsaturation for each lipid class
was calculated by the method of Kates and Baxter (25) and
is shown in Table IV. In nitrogen-limited cultures, the
degree of unsaturation of neutral- and glycolipid varied
significantly, but phospholipid varied slightly depending on
the dilution rates. The similar trends were also observed in
carbon-limited cultures.

Choi et al. (15) reported that the farty acid composition
varied depending on the change of dilution rate, whereas
Ratledge and Hall (14) reported that the composition did
not change at all, Therefore, the effect of cultural condi-
tions on fatty acid composition appears to be strain-
specific.

The degree of unsaturation of total lipid was estimated
from the results of proportion and degree of unsaturation
for each lipid class as shown in Tables 11 and IV, and illus-
trated in Figure 3. In general, the degree of unsaturation of
carbon-limited cultures was higher than that of nitrogen-
limited cultures. The changes in the values depending on
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bA/mole designates the degree of unsaturation (25).
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FIG. 3. Effect of dilution rate on the degree of unsaturation of total
lipid of R. glutinis grown in nitrogen- (a) and carbon-limited con-
tinuous culture (b): c—o0, calculated; e — e, experimental.

dilution rates were observed more significantly in nitrogen-
limited cultures than in carbon-limited cultures. The
degrees of unsaturation of total lipids were also obtained by
total lipids analyses with HPLC and are also shown in
Figure 3. Two values, calculated and experimental, were
very close to each other at different dilution rates.

All the works described above show that the produc-
tivity and characteristics of lipid in R. glutinis can be
altered by cultural conditions. The possibility of commer-
cial lipid productions by yeast fermentation is still remote
due to the cost of carbon source and lipid extraction.
However, if these problems are solved by broadening the
substrate spectrum of the organism and weakening the cell
wall by the cell fusion method or other possible means, the
oleaginous yeasts possess great potential as valuable lipid
sources. Furthermore, the defatted yeast residues contain
the good quality proteins (26), suggesting that the defatted
yeast cells can be used as the single cell protein.
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& Effect of Selected Antioxidants

on the Stability of Virgin Olive Oil

A.K. KIRITSAKIS!, C.M. STINE and L.R. DUGAN JR., Department of Food Science
and Human Nutrition, Michigan State University, East Lansing, M| 48824

ABSTRACT

Virgin unrefined olive oil was protected from oxidation with the
antioxidants butylated hydroxyanisole (BIIA), butylated hydroxy-
toluene (BHT), and tertiary butylhydroquinone (TBHQ) and in one
case propyl gallate (PG). All the antioxidants improved the stability
of olive oil under accelerated conditions (oven test) and storage con-
ditions at 50 C. In the oven test, where the type of oil used was the
same as that used in long-term storage studies (room temperature
and 50 C), the relative inhibition effect of the antioxidants was in
the following order: TBHQ = BHA > BHT. The combinations of
BHA and BHT with TBHQ displayed better stabilizing qualities.
Antioxidants did not prevent peroxide formation in olive oil stored
at room temperature in daylight; these samples oxidized to a high
degree, probably due to the catalytic action of chlorophyll, Citric
acid (CA) used alone did not affect the oxidative stability of the oil
in the oven test and at room temperature in the dark, but exhibited
a negative cffect at 50 C. The reduction in peroxide content with
teritary butylhydroquinone (TBHQ) in the dark at 50 C was greater
than anticipated from the oven studies. Potency of the antioxidants
under these conditions (50 C) was in the following order: TBHQ >
BHT > BHA. The combinations of BHA 0.01% or BHT 0.01% with
TBHQ 0.005% used in the dark at 50 C were less effective than
TBHQ 0.01%.

INTRODUCTION

Olive oil extracted from the fruits of the tree Olea europaea
is one of the very few if not the only plant oil in the world
which can be consumed in its natural state without being
further treated or refined. The oil obtained from healthy
mature olive fruits by mechanical means, without any
chemical treatment, is called “‘virgin”. This oil is of the
highest quality, and is the type used in this study.

Like other vegetable oils, olive oil undergoes oxidative
deterioration as a result of many factors. The autoxidation
of olive oil results in development of off-flavors and odors
and some of its physical properties may also be altered (1).
The prevention of autoxidation in olive oil is of great im-
portance from the standpoint of palatability and economy.

Polyphenols, which are natural inhibitors of oxidation in
olive leaves, were found to favor the stability of olive oil
(2, 3). Hirahara (4) observed an antioxidant effect when
alcohol or ether extract from cloves were added to olive oil.
The effect of some synthetic antioxidants on the stability
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of olive oil has been studied (5, 6).
The comparative effect of the antioxidants butylated

Mhydroxyanisole (BHA), butylated hydroxytoluene (BHT),

tertiary butylhydroquinone (TBHQ), and propyl gallate
(PG) (Eastman Chemical Company, Kingsport, TN) with
respect to retardation of autoxidation of virgin olive oil
stored at different conditions, was studied. The effect of
citric acid used alone was also investigated. Photooxidation
of the oil exposed to daylight at room temperature storage
was observed.

EXPERIMENTAL PROCEDURE

The olive oil used in this study was derived from the fruits
of the olive tree cultivar Tsounati, grown on the island of
Crete, and was extracted by hydraulic pressing. Three sam-
ples of virgin unrefined olive oil from different harvesting
periods and having different initial stability and free fatty
acid (FFA) content were obtained. They were numbered as
olive oil no. 1, no. 2, and no. 3 and had a peroxide value
(PV) of 16, 35 and 12 and FFA content expressed as oleic
acid of 0.5%, 2.1% and 1.0%, respectively.

The fatty acid composition of the oil was determined by
gas liquid chromatography (GLC) in a Beckman GC-4 gas
chromatograph. Boron trifluoride-methanol (Sigma Chemi-
cal Company, St. Louis, MO) was used for preparing methyl
esters (7). The percentage fatty acid composition of the
examined samples varied from 7.6 to 13.6 palmitic, 3.0 to
3.3 stearic, 75.6 to 83.9 oleic, and 5.3 to 7.6 linoleic.
Traces of palmitoleic and linolenic acids were detected.

The antioxidants were evaluated under accelerated oxi-
dative conditions (oven test at 65 C and 100 C) and under
less stressful conditions (room temperature and 50 C). The
oil was heated to 60 C and after the addition of antioxidant

-was held at room temperature for 24 hr with occasional

stirring to ensure complete solution of the antioxidants.
Citric acid was added to the oil as a solution in a mixture
of ethanol and distilled water 1:1 (v/v).

For the oven test (usually referred to as the Schaal oven
test), the oil was placed in petri dishes (5.5" in diameter
and 3/4" in height) and kept in a constant temperature
oven. Samples were removed periodically for peroxide
determination. The oven stability of the oil was taken as
the number of days needed for the peroxide content of the



