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Abstract

For the production of single cell protein from z-paraffin, veasts utilizing n-paraffin and ethanol were
‘isolated from oil deposit and oil field soils. The mixed cultivation between veasts assimilating n—paraffin
and ethanol was carried out to increase cell yield. Finally, selected strains were identified and suitable
medium composition for mixed culture was compared with that of single cultures using flask and 5 I-jar
fermentor.

Yeasts grow on z-paraffin and ethanol were identified as Candida troticalis var. KIST 76 and Tricho-
sporon cutaneum KIST 76H respectively.

By mixed cultivation under the suitable medium composition using 5 I-jar fermentor, maximum dry
cell weight reached 20 g/l after 12 hrs. cultivation and it’s protein content was 58%. Yield has been
increased about 25% and protein content has been increased 6.7% compared to that of single culture,
-Candida tropicalis var. KIST 76, after 16 hrs. cultivation.
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Table 1. Media for the isolation and cultivation

of n-parafin and ethanol utilizing yeasts

Medium [
A B | C D

Ingredients | R T

(%) (%) (%) (%)
n-Paraffin(ethanol){2. 0(1.0)12.0(1.0)] 3.0 1 3.0
(NH,),S0, 0.2 0.2 0.2 | 0.4
NH(NO; 0.2 |
Urea 0.2 0.2 ' 0.3
KH,PO, 0.15 [0.15 0.15) 0.15

1

Na,HPO, - 12H;0 (0.10 0. 10 0.10 ! 0.10
MgSO, « 7H:0  [0.04  [0.04 0.04| 0.05
CaCl, - 2H,0 500 mg/L500 mg/11100 mg/1200 mg/I
FeSO, * 7H,0 100 ’100 100 \ 50
MnSO, « 4H;0 {100 100 100 | 20
ZnS0, - 7H,0 10 10 10 10

Corn steep liquour200 200 'izoo 400

F%-4 9e
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Table 2. Properties of r-paraffin used in fermen-

tation
\\'«\X\\Ii—f’arafﬁn Super heavy
Tests ‘\\ fraction
Special gravity (15°C) 0.7769
N-P purity (%) 97.1
N-P homologue distribution
(wt. %)

Cio Trace

Cu 1"

Ciz ”

Cu "

Cu 10.4

Cis 45.4

Cie 27.0

Cur 10.1

Cis 2.9

Cio 0.9
Mean molecular weight 219.8(C-15.5)>
Isoparaffin content(wt., %) 2.9
Aromatic content(wt. % 0.103
Bromine number 0.042
Sulfur content (ppm) 3.9
Flash point (°C) 12.8
Colour (APHA) +8
Distillation range (°C) 262~297

3. HExEH
n-Paraffin @ ethanolxt o] A 9 wlerg 500 ml A4
7zt flask9} 5 [-jar fermentor(Marubish Lab. Equipment
Co., Lid) & Atgsted = wWigz71 & £ 35 2eh
Flode Edz4e A= 3047 s £

Table 3. Fermentation condition used in different

fermentors
N?ermentor i I T
i Erlenmyer Jar
FermentatiN' flask | fermentor
conditions »! o
Vessel volume(l) ‘ 0.5 5.6
Medium volume(?) 1 0.05 2.0
Seed inoculum(%) 5.0 10.0

Agitation Rotary shaker | 2 stand flat
blade turbine
, impellers

Agitation rate(rpm); 180 strokes/m 700
Aeration(V/V/m) '\ — 1.0
Temperature(°C) 32+1 33*1

pH E 5.0—4.0 4.5
Indicator (0. 14 BCG) 1 drop 2 ml
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Table 4. Final selected strains utilizing n-paraffin

Absorbance "7.'
Strains (20 x dilution, ) References or
28 hrs sources

Candida intermedia f ‘
KIST 120-7 ] 0.80 (4
Strain No. 1 0.75 '(4)Jinhae, oil dep.
Strain No. 0.88 Taiwan, oil dep.
Strain No. 6 -3 { 0.90 Taiwan, oil dep.
Strain No. 76 ' 0.85 * Dongrae,oil dep.

2. Ethanolxt2l #3309 =7|
71&9 gas oil & n-paraffin %8 7% 7} ethanolo]
'} methanolg A3t g 4 e 28 wadest
gow ot g H2& ethanolAHFFe ¥ala A
T &g

4 HaSEAE ol 3 FAZIRAY Aol BH AT
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Table 5. Growth on ethanol and n-paraffin as
carbon sources

:<7Carbon sources| *k
I Ethanol* | n-Paraffin] Sources
Strains |
Candida tropicalis
KIST 359 0.15 0.65 2
C. intermedia
KIST 120-5-7 0.08 0. 80 @
C. intermedia var.
KIST C-728 trace 0.78 "
Strain No. 3-6 trace 0.88
Strain No. 6-3 0.08 0.90
Strain No. 8 0.33 0.73
Strain No. 8-5-2 trace 0.80
Strain No. 10 0.35 0.75
Strain No. 13 0.32 0.75
Strain No. 76 trace 0.85
Strain No. E-1 0.06 0.70
Strain No. 76H 0.40 0.06 | Dongrae, soil

* Packed volume/10ml
** Absorbance at 570 mg, 20 x dilution
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Table 6. Effect of the smgle and mlxed culture between n- paraffm utlhzmg yeasts

—

——

Strains

Single culture

Strain No. 6-3

Strain No. 10

C. tropicalis var. KIST 76
Mized culture

Strain 'No. 6-3 and 10

Strain Ne. 6-3 and C. tropicalis
var. KIST 76

Strain No. 10 and C. tropicalis
var. KIST 76

Y. r-Paraffin#3tF F 9 ethanol#AsgF74e] £

v <

Au AR AT 42 Egol A 2% ethanola 34 T
n-paraffinA 3l 43¢ E gt
o] F7d & Ugtet. wekA of ethan-

% Strain No. 76H¥&
oz FAFE

Table 7. Comparilon of single and mixed culture between n-paraffin utiliz

cutaneum KIST 76H

K=
u

o

% g 35 et

Growth Absorbance(BOX dxlutnon)
Packed volume
—— 20 hrs. 24 hrs [ 30hrs.
0.75 0.78 0.88 C. 60
0.50 0.57 | 0.72 0.35
0.57 0.68 0. 80 0.40
0.73 0.76 0.80 ‘w 0.35
0.75 0.78 C. 87 0. 60
0.68 0.70 0.80 0.40
olx sty 5ot AAY  pparaffinASA FFAd T
Wobg AET A, E 74 2E uwiet o] ZE
rparaffinA3FF & LEujorA Bl ethanolzt 3} F
o ez TS A8 Fown o

7ing yeast and Trichosporon

\\

Packed

— Growth Absorbance (30 dilution) i v
Yeast ‘\\\\ 20 hrs. i 24 hrs. " 30 hrs. volume weight(g/L
Single culture ‘\
C. tropicalis KIST 359 L 0.20 0.3 0.48 0.20 7.30
C. intermedia KIST 120-5-7 028 | 045 0.63 0.3 | 9.10
C. intermedia KIST 728 0.33 | 0.48 0.67 0.20 9.30
Strain No. 6-3 0.56 0.65 0.76 0. 60 11.70
Strain No. 10 0.34 0.40 0.66 0.40 10.20
Strain No. 13 0.39 0.50 0.64 0.30 9.00
Strain No. 45 0.32 0.44 0.65 0.30 9.10
C. tropicalis var. KIST 76 0.37 0.52 0.71 0.30 9.80
Mized culture : |
C. tropicalis KIST 359 0.62 0.70 1 0.80 0.50 12.04
C. intermedia KIST 120-5-7 052 0.66 | 0.80 0.50 12.15
C. intermedia KIST 728 ‘; 0.52 0.65 0.80 0.45 11.90
Strain No. 6-3 f 0. 62 0.71 | 0.83 0.60 13.00
Strain No. 10 ‘ 0.50 0. 62 } 0.74 0.55 12.45
Strain No. 13 . 0.53 0.70 | 0.80 0.35 12.00
Strain No. 45 | 0.57 0.68 | 0.81 0.40 12.32
C. tropicalis var. KIST 76 L 060 0.70 | 0.83 0.63 13.70
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Table §. Protein content of single and mixed cul-

tures
Strains Protein{%).
Single culture
Strain No. 6-3 53.2
C. tropicalis var. KIST 76 54.0
Mized culture
Strain No. 6-3 56.5
C. tropicalis var. KIST 76 57.0

7}, Strain No. 76

Growth in glucose-yeast extract-pepton water: Cells.
are round to oval, size is (4~6)x (4~8.5)p. (fig.2,
aj. A sediment and a thin pellicle are formed.

Growth on glucose-yeast extract-peptone agar: After
one month at 25°C the streak culture is cream color-
ed, dull, wrinkled, tough and hairy.

Dalmau plate culture on corn meal agar: Pseudo-
mycellium is abundantly formed and blastospores are
present (fig. 2, b).

Fermentation: Glucose, galactose, sucrose, maltose,
trehalose and melezeitose are fermented. Cellobiose,
lactose, melibiose, raffinose and inulin are not ferme-
nted.

Assimilation of carbon compounds: Glucose, galact-
ose, sucrose, maltose, melezeitose, trehalose, L-sorbose,
D-xvlose, glycerol, D-mannitol, D-glucitol, a-methyl-
D-glucoside and salicin are assimilated. Other carbon
compounds are not assimilated (6).

Assimilation of potassium nitrate: Absent.

Growth in vitamin free medium: Grow very weakly. .

Vitamins stimulating growth: Biotin.

Sodium chloride tolerance: 10~13% (W /V).

Maximum temperature of growth: 40°C.

Splitting of arbutin: Absent.

Production of carotenoid pigment: Not produced.

Production of ester: Not produced.

Production of starchlike compound : Net produced.

Reaction on litmus mik: Changed blue.

Splitting of fat: Positive.

Production of acid: Positive.

Gelatin liquefaction: Absent.

Urease: Absent.

1}, Strain No. 76H

Growth in glucose-yeast extract-peptone water: True-
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Fig. 2. Vegetative cells and pseudomycellium of
strain No. 76.

mycellium and arthrospore are always present. Budd-
ing cells abundantly formed. Cells are oval to racket
shaped, size is usually. 4.5% (6.0~15.0)p. (fig. 3).
After three days at 25°C a ring and thin pellicle for-
med and sank in the broth. Sediment is loose.

Growth on glucose-yeast extract-peptone agar: After
one month at 25°C the streak culture is yellowish to
cream colored, the surface is wrinkled and fringed
with mycellium.

Dalmau plate cultures on corn meal agar: True my-
cellium is always abundant; arthrospores are variable
size. Blastospores are arranged in chains.

Fermentation: Negative.

Assimilation of carbon compounds: Glucose; galacto-
se, maltose, cellobiose, trehalose, melibiose, raffinose,
soluble starch, L-sorbose, D-xylose, L-arabinose, D-

ribose, ethanol, glycerol, erythritol, mannitol, a-meth-

FHEA G A

Fig. 3. Vegetative cells and arthrospores of stra-
in No. 76H.

vi-D-glucoside, lactic acid, succinic acid and citric acid
are assimilated. Other carbon compounds are not ass-
imilated (6).

Assimilation of potassium nitrate: Absent.

Growth in vitamin free medium: Weak.

Vitamins stimulating growth: Thiamine.

Growth on 50% (w/w) glucose-yeast extract agar:
Negative.

Maximum growth temperature; 40°C.

Starch formation: Slightly positive.

Urease: Positive.

Splitting of arbutin: Very slightly positive.

Production of carotenoid pigment: Not produced.

Production of ester: Not produced.

Reaction on litmus milk: Acid coagulated and chan-

ged cream color.
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Splitting of fat: Slightly positive.
Production of acid: Positive.
Gelatin liquefaction: Positive.
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A stgol zojrt dervy § FF+= Candida tropicalis
var. KIST 7622 =939k, 38 Trichosborons ol
<8t Strain No. 76HE 3§98 wHise A8 g
A, nitrate® o] £8A E3+= A, glucose, galactose,
sucrose, maltose, lactose® A3l A 5ol 2% 2
Trichosporon cutaneum>}t X 3+ }.
5. WYX=y HE

7h g

Candida tropicalis var. KIST 763} Trichosporon cu-
taneum KIST 76HY =5 9 T ghu] A9 HAuwx 2
A€ 2R RS Al $A4 FTFY 3 E A=
3t =

F R 994 B uiel 3o Candida tropicalis var.
KIST 763 Trichosporon cutaneum KIST 76H9
HlE 4104 st 2 A4S 3o

KIST 76 and T. cutaneum KIST 76H

" Growth

Table 9. Effect of mixture ratio of C. tropicalis var.

Absorbance

—\, | Dry Weight
Mixture Ratio T \\\‘ 18 hrs. 24 hrs. 40 hrs. g/l
C. tropicalis: T. cutancum* f : I

5 0 | 04 0.80* i 9. 60
4 ! Loz 0.97 | 16.25
3 2 . 0ss 002 | 14.20
2 3 : 0.48 0.83 | 13.10
1 4 . 0 073 | 5. 82
0 5 f 0.10 | 0.10 | 1.60
5 o | 0. 535** 7.75
4 1 0.745 15.20
3 2 0.700 13.60
z 3 ' 0.625 12.70
1 4 i 0.135 2.70
0 > l 0. 060 1.20

*

Medium: Table 1 C. 20 xdilution
Medium: Table 1 D. 30xdilution

H K
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€ 2% 414 ve vhet T & BAGREY HA
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st ot
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Fig. 4. Effect of nitrogen sources and their conc-
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Fig. 7. Effect of biotin on growth of cultures..
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Candida tropicalis var. KIST 769 Trichosporon
cutaneum KIST 76H+ 77} biotin} thiamines) &7
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FAge Zsgd. ¢33 £ gel A biotina thi-
amined] ET¥Fst= E 1004 2E us} o] biotin
2 pg/l A7) At thiamined 77t b4 w137 &
£ biotin 4 pg/l o1 49 A7l A & thiamined] H7l=
W gdgg vlAA Xagd.

Table 10. Effect of mixture ratio of biotin and
thiamine. HCIl concentration on growth
of cultures

AgRHELE 3T BALDERY BA) B 4T

i
T O et | Dy
Mixture ratio \\ 20 hrs l 40 hrs e/
Mized culture ‘
Bict'n Thiamine. HCl
(pg/D (ug/D)
2 0 0.360 | 0.790 | 15.40
2 200 £ 0.380 | 0.800 16.13
2 400 0.380 | 0.790 | 16.36
2 600 0.395| 0.795; 16.78
4 0 0.385 ] 0.800| 16.30
4 200 0.350 | 0.700 | 15.41
4 400 i 0.365] 0.785 | 16.35
4 600 0.360 | 0.790 | 16.25
8 0 0.375 | 0.800 | 16.60
8 200 0.400 | 0.810; 16.80
8 400 0.390 | 0.800 | 16.50
8 600 0.400 1 0.805 | 16.70

uh. Qi 4ke] 3t

AR WA w2 Fo] Artete d4stel g d4its
g Aoz AAY F dE 22 v AG. =
g 3% 2 Egu ] A Q4 A FE
7] gl TN L5 ml/lAA FEE AFAA
Az Ade 28 844 e us 2. F, 2
S ok A4, Q4o AA A 0.6 ml/lo)gle,
kAol 0.9 ml/l 4 d g Frstgd. o #
Ktol 29 F39e=+ KCI0.1%% #7terde.

A Fel Y st

DA Fel 2 At &F R EP A F
AZAd oA dFE AER AHs 28 9, 10 ¥
I 114 2% uist o

Z 27 9ol A ¥ whel Ze] Mght o] gd A4,
FEu kol A £ 800 mg/le] FEAAE 2 FE F7b
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Table 11. Effect of Fe**, Mn**, Zn** ion concentration on growth of cultures

\\ Growth Absorbance (30 x dilution) l Dry weight
| i
Metal ions (mg/D) T 20 hrs. 44 hrs. ] &/ B
Single culture
FeS0,-7H,0 MnSO,4H,0  ZnSO,-7H;0

0 100 0 0.30 0.710 9.75
10 100 0 0.35 0.725 12.50
20 100 0 0.40 0.740 12.65
50 100 0 0.45 0.760 13.95
100 100 0 0.35 0.780 12.65
100 0 0 0.21 0.700 12.50
100 10 0 0.32 0.720 12.55
100 20 0 0.40 0.750 12.80
100 50 0 0.36 0.770 12.50
100 100 10 0.46 0.800 14.05
100 100 20 0.42 0.770 12.40
100 100 30 0.32 0.740 12.10

Mized culture

] 100 0 0.40 0.750 12.85
10 100 0 0.45 0.780 15.60
20 100 0 0.58 0.790 16.30
50 100 0 0.60 0.785 16. 4%
106 100 0 0.55 0.760 14.45
100 0 0 0.42 0.760 13.95
100 10 0 0.44 0.775 15.15
100 20 0 0.55 0.780 16.00
100 50 0 0.46 0.770 15.40
100 100 10 0.60 0. 880 16.40
100 100 20 0.55 0.780 16.05
100 100 30 0.44 0.770 15.45
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Table 12. Effect of surfactants on growth of cu-

ltures
\\\ Growth ( Absorbance - . | Dry o

~ — (30 x dilution) “ weight
Surfactants \\ __18 hrs. |_30 hrs. (S{i)_
Single culture ‘
Tween 20 0.20 0.20 | 2.10
Tween 60 0.20 0.30 | 3.40
Tween 80 0.29 0.43 | 4.43
Span 60 0.27 0.32  2.80
Span 80 0.49 0.70 © 12.30
Igepal Co-5 0.53 0.85 ‘ 13.10
Control 0.25 0.60 | 12.20
Mized culture [
Tween 20 | 051 | 0.8 ! 17.85
Tween 60 |  0.37 0.73 | 15.23
Tween 80 0. 54 0.60 | 9.30
Span 60 0.69 0.80  16.38
Span 80 0.58 0.71 1 14.63
Igepal Co-50 0.87 0.76 | 16.20
Control 0.50 0.78 | 15.80
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Table 13. Effect of antifoams on growth of cult-

ures
~ " Growth Absorbance = -
L (30 x dilution) Dry
o =’ | weight
Antifoams T~ 18 hrs J 30 hrs | (g/D
Single culture
Poly glycer olyate 0.60 0.81 14.95
Antifoam FD-62 0.29 0.29 2.20
Control 0.25 0.60 12.20
Mized culture
Poly glycer olyate 0.76 0. 80 19. 20
Antifoam FD-62 0.52 0.81 | 18.13
Control 0.50 0.78 | 15.80
20|
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Fig' 11. 5!-jar fermentor experiment under the

best medium condition.

Medium for single culture: rn-paraffin 3(%), urea
0.3, (NH0.S0 0.4, HsPO, 0.06, KCI 0.1, MgSO,-
7H,0 0.08, CaCl;*2H,0 0.06, FeSO47H,0O 0.05, Mn-
SO¢-4H,0 0.02, ZnSO(-7H,0 0.01, PGO 0.05, corn
steep liquor 0.04

Medium for mixed culture: Same as above except
urea 0.2(%). H3POs 0.09, MgSO,-7H,00.05 and
CaCl,-2H,0 0.02.



(230)

fermentor & Abg8te] 25 9 Eu A FA B
AAHez vlag AfE 28 144 2E ust 3
. &, HAWMAzYdA wnEujorside A F
AegE Mg 16433l 16g/lo Fatg on] E il
GFA el = v 124 ko] 20 g/lel 2stgch. @® &
G ore] 2% poly glycer olyated Hrtstx o
144 7 vl o] 18 g/l 25yl

2 o

FUd A AT A 4 FHANS BFAES
A n-parafinA 34 F 59 ethanolA 34 F 5§ £l 5
o Tdulks ARGz A FFe e F
A olzE HAWMAZYE FESHY
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ain No. 76)= Candida tropicalis var. KIST 7622,
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