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Summary

Tropical plants have a merit in productivity among agricultural products. Among these, palm oil
production had been increasing steadily over resent years, and much of which was incorporated in
edible products. The microbial utilization of palm oil for single cell protein production can provide a
protein source for human consumption from the safe raw material. Furthermore it is desirable to
resolve the problem of over production of the oil in near future.

In this study, yeast strain capable of assimilating palm oil was isolated from various soils samples
in Jeju island. The isolated yeast strain Y-35 was identified with Torulopsis candida JNUA 35, and
this strain assimilated crude palm oil effectively.

The addition of nonionic surfactant and emulsification with homogenizer were effective in some
degree on yeast cell growth, In shaking culture of this strain, yeast extract as a natural nutrient was
good for yeast growth, and ammonjum phosphate was more effective than any other nitrogen sources.
Lower than 2% of palm oil concentration was available to convert the substrate to cell mass
effectively in shaking culture, considering the biophysical properties of crude palm oil.

them, sulfite waste liquor, wood hydrolysates
Introduction and agricultural by-products (Litchfield 1977,
Mateles et al. 1968, Tannenbaum et al. 1975,
Cooney et al. 1980) . However for human use,
SCP product must be free from toxic substances

Man is losing to feed himself as population
increases faster than food supplies. There are
some limits in improvement of agricultural in the cells themselves or introduced into the
techniques. augmentation of cultivated acreage,

and promotion of fisheries for solving this

cells through residues in the substrate such as

polyaromatic hydrocarbons and from contamination

problems. Therefore a growing concern for the by pathogenic microorganisms or their toxins

acute food needs has led to the examination of (Litchfield 1977) .

a variety of potential food resources. Among Tropical plants have a merit in productivity

these, the single cell protein probably presents amoag agricultural products. Ginar(1980) reported

the best chance for the development of a unique that palm oil production mainly in Malaysia had

unagriculturally based food supply. There are been increasing steadily oevr resent years and

many reports and revlews on SCP production currently in excess of a 4 million metric tons

from hydrocarbons or chemicals derived from per annum, much of which was incorporated in
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edible produacts. The World Bank estimated that
palm oil production would be increasing to 11
million metric tons by the year 2000. The share
of palm oil in the international fats and oils
markets will leap nearly 9% in 1980 to reach

25. 5% by 1990 (28 % of soybean) .
Microbial utilization of tropical agricultural

products (palm oil) has a significance to supply
protein resource for human consumption from
and to resolve the
In this
strain capable of

cheap and safe law material,
overproduction of palm oil in future.
study, an efficient yeast
assimilating crude palm oil was isolated from
field soil,

taxonomy,

and carried out studies on the
cultural conditions and chemical

analysis of this strain.

Materials and Methods

Materials

Malaysian palm oil was supplied by Kao Soap
Co. Ltd., crude palm oil was consisted of
76.40% carbon, 11,73% hydrogen and 0.04%
nitrogen(Koh 1981).

Isolation sources(soil)

Media and Culture

Isolation medium contained 2% palm oil as a
sole carbon source, 0.4% NH,NO,, 0.47% KH,PO,
0.03% NaH,PO,. 12H,0, 0.05% MgSO,. 7H.0,
0.001% FeSO,. 7H;0, 0.01% yeast extract and
0.072%
medium was adjusted to pH 5.5 and sterilized

chloramphenicol in tap water. The
for 10 min at 110°C, In plate culture medium,
carbon source was changed to 2% dextrose to
differenciate colony from palm oil droplets. Stock
consisted of 1% palm oil,
1% malt

culture medium was
0.5% polypeptone,
extract and 1.5% agar. Chloramphenicol was
used to restrain the bacterial growth. 50ml
of the medium in 500ml shaking flask was
inoculated with 1 ml of precultured broth, and
incubated at 37°C on a rotary shaker.

Isolation of yéasts capable of assimilating
palm oil yeasts capablé of assimilating palm
oil were isolated from soil samples collected
Jeju island,

enrichment culture techniques shown in Fig.1.

% meat extract,

from various places around using

0.59 per 10=¢ of isolation medium in 30=f test tube

Shaking culture(37°C, 2 days)

1=t per 10=¢ of isolation medium in 30m¢ test tube

Shaking culture(37°C, 1 day)

Plate culture(37°C, 1 day)

Microscopic examination

Stock culture

Fig 1, Method of yeast isolation

Assay of yeast

After adquate cultivation, 15 ml from the

culture broth -was taken and added 1ml of
6 N-NaOH solution, and then heated at 100°C
for 10 min and filtered after cooling. Protein
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was determined by modified Lowry method
(Lowry et al, 1951). After screening of yeasts,
cell growth was determined as follows : cell
suspension was prepared by adding a solvent
(dioxane : ethylacetate=3 : 2), and the optical
density at 540 nm was measured by spectro-

photometer,

Taxonomic study of the strain Y-35

Diagnostic tests of strain Y-35 were carried
out according to the method of Lodder(1970).

Methods of analysis

The dried cell was
followling precedure; centrifuged(3000 rpm, 20

prepared by the
min) after cultivation, and removed residual
palm oil with acetone and diethylether, and then
filtered and dried under vacuum at 30°C.

Total nitrogen was estamited by the method
of Kjeldall, and crude fat by the method of
Soxhlet  ether The method of
Montgomery(1961) was used to determine the
carbohydrate content.

extraction.

Results

Isolation of yeasts capable of assimilating
palm oil

More than one hundred strains were isolated
from 220 soil samples. However only some
of the strains assimilated crude palm oil
effectively, most isolates were poor in growth,
the strain Y-35 shows higher

protein yield on crude palm .cil than any other

Among these,

strains, The strain Y-35 was isolated from field
soil in Jeju-Si.

Taxonomic study of the strain Y-35

Microscopic appearence of strain Y-35

is shown in Fig, 2,

Fig. 2. The yeast strain Torulopsis candida
JNUA 35 grown on  YM-media agar
(X £00).

Growth in YM media : After 3 days at 25°C,

cells are round, 2—5.54, A sediment and

grey, thin, smooth and creeping pellicles are
formed,
Streak

one month at 25°C, the streak culture is cream

culture on  YM media agar : After

-colored, raised, undulated, dull and smooth.
Liquefaction of gelatin : negative.

Slide cuiture : No psudomycelium is formed.
Sporulation : Not formed,

Fermentation : absent.

Sugar assimilation : glucose + galactose +

L -sorbose — a-methyl- »-glucoside +
salicin — sucrose 4
maltose + melebiose +
cellobiose — trehalose +
lactose — raffinose +
melezitose + inulin +
soluble starch + o-Xxylose +
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L-arabinose — p-ribose -
L-thamnose — ethanol +
glycerol + adonitol +
p-manitol + o-sorbitol +
inositol — citric acid +
oi-lactic acid + succinic acid +

Assimilation of potassium nitrate : negative.
Splitting of arbutin ; positive,

Production of compounds like starch : negative,
Growth in  vitamin-free
observed,

Osmo-tolerence : 14%.

medijum : increase

Urease test :-negative.

According to these taxonomic studies, the

morphological and physiological properties of
this strain were very similiar to those of
Torulopsis candida by J. Lodder(1970) in “The
Yeast” except that the strain did not assimilate
cellobiose and salicin, Furthermore this strain
can grow in pH 1.5 and the growth is recognized
at 41°C, Therefore the strain Y-35 was identified
with Torulopsis candida JNUA 35,

Cultivation of the yeast

The addition of nonionic surfactants and
then emlusification with homogenizer(max,
speed for 3 min) stimulated the yeast growth

as shown in Tabe 1,

Table 1. Effect of surfactant addition on yeast growth (0.1% addition and homogenization)

Kind of Surfactant HLB-Value Shape Cell Concentration (9 /1 of broth)
12 hrs 24 hrs
Tween 20 16.7 liquid 4.5 7.9
” 40 15.6 paste 5.0 8.6
” 60 14.9 paste 4.6 7.9
4 80 15.0 paste 4.5 8.2
” 85 11.0 liquid 6.2 8.8
Emulgen 903 7.8 liquid 5.2 7.5
7 913 14.5 liquid 5.7 8.5
” 931 17.2 powder 4.7 7.9
” 950 18.2 crystal 3.2 5.7
Sucrose fatty acid ester
F-140 13.0 powder 6.3 8.3
” F-160 15.0 powder 3.9 7.6
7  OW-1570 15.0 paste 5.0 8.5
r» OW-1670 16.0 powder 4.5 7.9
Tryton 100 liquid 5.2 5.7
Control(no addition) 3.9 7.7

as the palm oil was dispersed into the broth in
small droplets. In the initial state of growth,

small drops of palm oil were attached by the
yeasts and assimilated _more rapidly than large

ones. However the effect of surfactants shows
no significant difference in the late state
compared with initial state of growth, The main
function of the surfactant is to aid the formation
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and stabilization of palm o0il emulsion. In this
experiment, the concentration of surfactant was
enough in the range of 0,08 to 0.1%. Lower
concentration of surfactant presented low effect
of palm oil dispersion in the broth, and higher
concentration the inhibition effect in cell growth
and separation of crude palm oil between olein

and stearin phase,

The effect of natural nutrients on cell
growth was investigated, and the results are
presented in Table 2. The effect of natural
nutrients addition shows no significant difference
each other, As shown in Table 3,
phosphate was more effective than other nitrogen

ammonium

Table 2, Effect of growth factor addition on yeast growth

Growth Factor(0.01%)

Cell Concentration( § /1 of broth)

Control(no addition)
Yeast extract
Peptone

Meat extract

Malt extract

7.2
7.8
7.4
7.7
7.5

Cell concentration was determined after shaking culture at 37°C for 24 hr,

Table 3. Effect of nitrogen source on yeast growth

Nitrogen Source(1.4 N %)

Cell Concentration( ¢ /1 of broth)

(NH,),50,
NH,CI
NH,NO,
NaNO,
(NH,),CO
(NH,);HPO,

7.9
8.2
7.7
1.5
8.3
8.5

Cell concentration was determined after shaking culture at 37°C for 24 hr,

sources. Nitrogen of nitrate group was hard to
be assimilated, In shaking culture of this
strain, phosphate source shows similiar results
in cell growth, Higher concentration of palm
oil more than 2% decreased cell yields,
considered that physical properties of the broth,

oxygen

It was

such as emulsification of the substrate,
transfer and adhesion of palm oil on the wall
of flask might affect the cell growth.

Chemical compositions of dried cell is

shown in Table 4. Protein content was over 40%

and fat content was scanty.

Table 4, Compositions of dried cell

Migsture 5.4%
Protein 46.1
Total Carbohydrate 36.7
Crude Fat 1.5
Ash 9.2

Protein was caleulated by total nitrogen X 6.25.
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Discussion

Fatty acid composition of crude palm oil
mainly consists of oleic acid and palmitic acid,
43.7% and 39.9% respectively on the average
(Tan et al. 1981). Solid fat conteni of crude
palm oil at 35°C is 6.6% and this fraction could
not be assimilated completely by the yeast strain

Torulopsis candida JNUA 35 in shaking culture.
Therefore the selection of thermophilic yeast
strain, the emulsification of palm oil, and
useful fermentor in cultivation seemed to be
recommended,

The important thing for production of single
cell protein from palm oil was the physical
properties of substrate. This strain utilized
small droplets of palm oil easily rather than
largee

ones, Therefore the emulsification of

recommended, but at 37°C, the
cultivation temperature of this strain,

palm oil is
palm oil
was not emulsified fully and adhered on the wall
of flask and mini-fermentor during culiivation.

The adhesion of palm oil prevented the yeast
from utilizing the substrate completely. The
addition of surfactant and homogenization were
effective in some degree. However small amcunt
of surfactant addition was not enough in emulsi-
fication of palm oil into the broth, compared
with hydrocarbon fermentation (Whitworth et
al. 1973), and surfactant
addition inhibited the cell growth. In this s:udy,
nonionic surfactants were added and treated with
homogenizer, palm oil was emulsified encugh at
room temperature,

large amount of

However palm oil was
softened and adhered during cultivation, because

the meiting point of crude palm oil was in the

range of 27°C to 42.5°C. In the problem of
palm oil emulsification, commercial refined palm
oil seemed to be better substrate than crude one.
The mel'ting point of commercial refined palm
oil is 34 to 45°C, and that is higher than that
of crude one. However crude palm oil is the
cheaper in cost, so it seemed to be important
thing to select the thermophilic yeast strain.
Futher studies would be necessary to isolate
useful strains from native samples in tropical
area or to mutate the strain capable of
assimilating the crude palm oil.

When we used surfactants in the culture
media, it was considered that the surface active
agent replaced the oil phase on the surface of
the crystal as reported by Kreulen (1976), The
crystals and the liquid phase were separated by
Kreulen then oil droplets were assimilated by
the yeasts easily. After 24 hr cultivation,
there were much amount of solid fat remained,
Jacobsberg(1976) reported thaﬁ the main component
of solid fat was stearin.

Fermentor which is able to prevent from
adhering on the wall, physiological properties of
this strain during cultivation, and scaling up to
cell production, now we are under study.

Among the composition of dried cell, fat
content was scanty. It was difficnlt to remove
the residual _palm oil
cultivation,

from yeast cells after
Therefore we used acetone and
diethylether in the recovery of yeast cells, at
that time some amount of celiular lipids seemed
to be lost. ‘

Conclusively microbial utilization of palm oil
seem to be promising for supplying the protein
source and the resolution of overproduction in
near future,
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BNEED-S rElpd W EEEe] A $ Fol AT FH =& BHE] MRHRezA FAL To
et A BEEEY palm oild] AFEEL B -ld 34T F34F noa dod BN &4
T¥ERA MERFCZA v/ Sdsln doevzd FH3 EHFR] o792 g Kifoluh

AL FAL 2R EHENYd BEAEES £ESS] 918 palm oil& $93 HEFoR o &
te + 9 FAL EEE AFEY 24T  Fel4ud 3 UEN, £EMR] KBRS Id 9%
Torulopsis candida JNUA 352 REs4 =} -

BHEAEY 4ES At BREAT BEded o4 K7 B neetd ol Ll REEEM
Z H7Hsto palm oilg o]l FEAZIZZH FIFEL MEAZNeY, Y BB Aehejcke] #
g Arstgon BEEMAS LBH HHE Fivetgd.
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