MM K ISR 5:79-—85(1988) Subtrop. Agric. Cheju Nat. Univ. 5:79—85(1988)

IRFJE w2 Acinetobacter calcoaceticus

Bibkol R 2 AE R X

x E =

Cell Yield and Fatty Acid Compositions of Acinetobacter
calcoaceticus on Various Carbon Source

Koh, Jeong-Sam

Department of Agricultural Chemistry, Cheju National University,
Cheju, 690-756 Korea

Summary

Acinetobacter calcoaceticus KB-2, capable of assimilating palm oil efficiently, was cultivated in
the medium containing various lipid materials. Specific growth rate of this strain was between 1.02
and 1.10h7! on palm oil and vegetable cils. About 90% of oils and fats except crude palm stearin
used in this study was assimilated by this strain, and cell yields were about 1.0 g of cell/g of
substrate. Fatty acid compositions of A calcoaceticus KB-2 varied with growth substrates.
Hexadecane -grown cells demonstrates the major fatty acids species to be Ci6:0 and Cjig:1, while
others to be C1g:0 and Ci8:1. Vegetable oils and other chemicals derived petroleum have the

same potentials to palm oil as carbon sources for cell productian by this strain.

Introduction cellulosic substances of agricultural wastes as

raw materials for fermentation. Among these,

The growing concern has been focused on palm oil and vegetable oils such as rapeseed and
renewable resources such as starchy and soybean oil seem to be alternative, following the
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great increase of the oils production recertly.
The most exciting idea is to promote non-
conventional protein production in the oilseed-
producing countries by using oils and by-products
as carbon sources for yeasts, bacteria, or fur
gi{_l)

Few reports,however, have been published
on the utilization of oils and fats as raw ma-
terials for fermentation by microorganisms {2
Single cell protein productions were carried
out recently as the substrate of animal fats(®),
fish oil®), soapstocks!®) olive 0il®®), rapeseed
oil and palm oil (1, 7-10)

Authors (7. 8)
Torulopsis candida Y-128, and a bacterium,

isolated a yeast strain,

Acmetobacter calcoaceticus KB-2, capable of
assimilating palm oil efficiently, and investigated
cultural conditions for cell production from
palm oil.
grew with a specific growth rate of 1. 10h1

Actnetobacter calcoaceticus KB-2

at 39 T on refined palm oil, and the cell pro-

dudtivity of this strain was high in a short
cultivation time.

In this study. this stran was cultivated on
various carbon sources of lipid materials, and
compared with the cell yields each other for
cell production. Fatty add compositions of this
straln grown on various carbon sources were

also analyzed.

Materials and Methods

Materials. Crude palmoil and the fractions of
the oil were supplied by Kao Soaps Co. Ltd.
Refined palm oil (commercial, Nippon Oil and Fats Co,
Ltd.), soybean (Hayashi Co. Ltd.) and rapeseed
(Nakarai Chemical Ltd.) were used as the sub-
strate, and the fatty acid compositions of the
Other

substrates used in this study were in reagents

oils were analyzed as shown in Table 1.

grade,

Table 1. Percentage of fatty acid compositions of oils and fats*
Compound Crude . Crude ' Crude . Ref med Soybean R'apeseed
palm olein palm stearin  palm oil 8 palm oil'8) oil oil
C 12:0 0.2 0.1 0.2 0.3 - -
C 14:0 1.0 1.2 1.0 1.0 0.1 -
C 16:0 39.5 50.1 45.7 39.9 10.9 5.2
C 16:1 0.1 0.1 0.1 0.1 - 0.2
C 18:0 4.7 4.9 4.5 4.8 5.5 2.1
C 18:1 43.0 33.6 38.5 42.6 25,3 55.4
C 18:2 10.7 8.8 9.7 11.0 51.0 25,2
C 18:3 0.4 0.3 0.3 0.3 6.8 0.4
C 20:0 0.4 0.3 - - 0.2 11.5

* Fatty acid composition is expressed in terms of percentage of total fatty acids.

—-80-
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Organism, The organism used was Actneto- Results

bacter calcoaceticus KB-2. Taxonomic charac-

teristics and procedures for maintaining stock The growth and cell yield of A, calcoaceticus
cultures were described prevblxsl};(&. KB-2 on various carbon sources for cell production
is shown in Table 2. Acetic acid and ethanol

Fermentation. The mediun contained 2% carbon  were sterilized separately by filtration,and added.

0.6% (N}{‘)2SO4y 0.6% N82HPO4,
0.4% KH,;PO,, 0.05% MgSOy7H,0, 0.001%

source, The initial concentration of acetic acid was 1%,

and added periodically to 20 g/1 finally. Compared

FeSO, 7H,0, 0.001% CaCl,- 2H,O and 0.1%
corn steep liquor (Nisshoku). The experiments
were carried out in a 2 liter jar fermentor,
and the working volune was 1 liter. Temper-
aure was maintamed at 39 U, and pH was con-
trolled at 6.8 by the addition of 5% NH,OH
solution. Aeration and agitation speed were
1.0 vwm and 1,000 rpm respectively. Starter
culture of 50 ml in a shake flask inoculated
for 12 h at 37 T on a reciprocal shaker (120
strokes/min), and was used to moculate jar
fermentor cultures at an moculum size of
5%.

Cell mass was

Analytical methods.

determined by optical density or dry weight
The

growth rate defined to be the time necessary

measurement as described previously®.
for the population to double. It was deter—
mined during the exponential growth phase.

Residual oils were extracted by the method
of Bligh and Dyer @, and dried and weighed.
Fatty acid compositions of the oils were deter-
mined by GLC analysis of the methyl esters
of the oils with a GLC instrument ( Hitachi
model- 163) equipped with a flame ionization
detector and a glass column(2 7 long, 3 ==
diameter ), packed with 10% DEGS { diethylglycol-
succinate ) on chromosorb W, The separation was
done isothermally at 180T, The oxygen requiremert
was calculated according to Mateles,(u)

with water ~soluble substrates such as ethanol and
acetic acid, better growth and higher yield were
recorded for lipid materials. When crude palm
oil was used as the substrate, some amount of oil
was adhered to the wall and baffles of the
fermentor, and cell yield was lowed compared
with that obtained with refined palm oil. Specific
growth rate and cell yield for refined palm oil
were 1.07h7! and 1.03 g of cell/g of substrate
respectively after 8 h of cultivation, Hexadecane
was also a good substrate for cell production by
this strain. After 24 h of cultivation, about
90% of the substrate was utilized, and cell
yield was 1.10 g of cell/g of substrate. When
oils and fats except crude palm stearin was

used as a carbon source for cell production,
about 90% of the substrate was assimilated by
this strain. and cell yields were about 1.0 g of
cell/g of substrate, The oxygen requirement on
oils and fats fermentation calculated theoretically
was almost similiar to that on hydrocarbon fer-
mentation.

This strain could assimilate in general
unsaturated and saturated fatty acids effectively
as carbon sources. However, unsaturated fatty
acids such as oleic acid would be assimilated
more easily and rapidy than saturated acids
such as palmitic acid by this strain as shown
in Figure 1. Linoleic acid which is a main
fatty acid of vegetable oils was not assimilaed
easily, compared with other fatty acids. When

—81-—
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Table 2. Growth of Acinetobacter calcoaceticus KB-2 on various carbon

sources*
Carbon source Cultivation Spe:,itf}ilc Substrate Yiozl;illfa/ctor Oxyge n ¢
(2%) tme he Sl 1 consumed % St e eel
Crude palm olein 7 1.04 92.4 1.00 1.63
Crude palm stearin 7 1.04 81.8 1,07 1.55
Crude palm oil 8 1.02 86.5 0.97 1.72
Refined palm oil 8 1.07 91.0 1.03 1.54
Triolein 8 1,10 90.8 1,04 1.55
Soybean oil 7 1.04 88.4 1.01 1.60
Rapeseed oil 7 1.03 92.3 0.98 1.67
n-Hexadecane 24 0.27 84.0 1.10 1.92
Ethand 10 0.63 ND** 0.59 -
Acetic acid 8 0.66 ND 0.42 -

* Each fermentation was at pH 6.8 and 39 C. The cells were harvested at the stationary
phase, and the final cell concentrations were 10-19 g/liter (dry basis).

** ND, not determined.

this strain was cultivated in a shake or jar
fermentor culture, palm oil was dispersed into
small droplets in the culture broth at log
phase, and shape and size of cells were varied
according to cultivation conditions. The strain
was usually appearing short rod-shaped in
exponential phase but nearly sperical in sta-
tionary phase on the medium containing water-
soluble substrates(?, but long rod-shaped like

Relative Palmitic Acid Content

70

65

60

55

50 ¢

in the Residual Substrate ( % )

4 o
fungl on the medium containing linoleic acid or | WS NN SNEN W W R
Imoil i ¢ h . o 2 4 6 8
palm oil in a shake culture as shown in Figure Cultivation Time (hr)
2. In jar fermentor culture, long rod- shaped
of cells began to appear partly in log phase Fig. 1. Assimilation of saturated and unsatu-

and predominantly in late stages of log phase,
but disappeared in the stationary phase.

The fatty acid composition of A, calcoacelicus
KB-2 varied with growth substrates as shown in
Table 3. The analysis of hexadecane-grown cells

demonstrated the major fatty acids species to be

—-82—

rated fatty acids by A, calcoaceticus KB-2,
Growth (O) and relative palmitic acid
content in the residual substrate of
culture broth (@). Palmitic (0.5%)

ard oleic acid ( 0.5% ) were used as carban
sources, Fermentation was carried out at
39C, pH 6.8 in a jar fermentor,
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(b)

Fig. 2. (a) Acinetobacter calcoaceticus KB-2
grown on nutrient broth-medium agar
after 24 hr at 37C (x600).

(b) A, calcoaceticus KB-2 grown in a
medium containing 2% linoleic acid in
a shake culture (x600),

Cells are shown as long-shaped and

attached to droplets of linoleic acid,

Cig:0 ad C16:1, while others to be Ci4:9 and
Cis:1.

Discussion

The specific growth rate and yield coefficient of
this strain on ethanol were low, compared with other
strain of A_ calcoaceticus(}3)  These results may
be atributed to high concentration of the substrate
and cultivation temperature, since initial concentra-
tion of ethanol was 2%, and some amount of
etharol would be evaporated at 39T during culti-
vation. Considering these factors, the results
are gemerally agreed with Du Preez et al. (13)
When oils and fats were used as carbon sources for
cell production, spedific growth rates and cell yields
were showed to almost same values of between 1.02
and 1.10 h™!, and between 0.97 and 1.07 g of cell/
g of substrate respectively, This results show that
this strain is characterized in high growth rate
and productivity in a short cultivation time on lipid
materials. Therefore, vegetable oils and other chem-
icals derived from petroleum have the same poten-—
tials to palm oil as carbon sources for this strain.
Especially, the advantage of this strain is that both
the saturated and unsaturated fatty acids are assimi-
lated efficiently by this organism, and there is no
need to add the surface active agents for emulsifi-
cation of lipid materials into the culture broth.
Oils and fats in the medum were emulsified soon
after the growth of this strain during cultivation.
The phenomenon is not demonstrated clearly in this
study, but the lipase of this strain is under in-
vestigation,

According to the literature, the variations in
shape and size of cells of A, calcoaceticus sp. like
fungi have not been reported to now. Although
the physiological property of this variations is
not known clearly, it is supposed that there

may be a correlation between lipase production

,._.83_
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Table 3. Percentage of fatty acid composition of Acinetobacter calcoaceticus KB-2

grown on various substrates*®

Compound Palm oil n-Hexadecane Ethanol Acetic acid
C 10:0 - - - 0.25
C 12:0 1.69 4.96 11.32 3.94
C 14:0 1.05 1.89 0.34 0.44
C 14:1 0.48 2.36 - 0,55
C 16:0 24,42 33.56 31.36 38.53
C 16:1 4.36 38.51 6.62 3.43
C 17:0 0.46 1.76 1.62 0.80
C 18:0 3.99 6.94 3.38 2 48
C 18:1 56.85 8.63 42.60 47.66
C 18:2 6.17 0.8 2.76 1.06
C 18:3 0.53 0.53 - 0.86

* Fatty acid composition is expressed in terms of percentage of total fatty acids.

and variations of cells of A, caicoaceticus KB-2
to utilize the fatty materials as carbon sources.
The pattern of fatty acid composition of this
strain was generally in agreement with that of
Makula et al. (M), and that of the cells grown
in palm oil medium was supposed to be derived
from the substrate. However, Cjg:] fatty acid
was accumulated in the palm oil -grown cells,
compared with that of substrate. Hexadecane-
grown cultures exhibited C16:0 and Cg:) as
the predominant fatty acid species, whereas
other substrate cultures contained a significantly
high concentration of C)g:1 fatty acid The
quantitative differences illustrated the effect
that nutritional conditions exerted on fatty acid

composition of the cells.
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