4.1

Pichia anomala MUE24

4.5 30 200
7
1 3
7 16.4
5.52 34.95
52.5 / 36.0 / AST
16.5 / 4.1 4.1
" 4.1 ,
, Pichia anomala MUE24
30
200 135 7
ST
pH Ast*
(g/1) « 7)) (cm2)
)

0 0.00+0.00 4.50+0.00 52.5+0.29 - 0.28+0.10
1 9.5+0.15 4.52+0.02 42.5+0.50 10.0 0.78+0.15
3 13.8+0.25 4.09+0.05 40.0+0.76 12.5 3.14+0.26
5 15+0.20 4.87+0.04 39.5+0.29 13.0 9.08+0.10
7 16.4+0.32 5.52+0.01 36.0+0.50 16.5 34.95+0.55

*Ast



biomass (g/l1), pH, oil dispersion (cm?)

4.2

-biom ass (g/i)

4.1

51

400

48

pH

pH 4.5

NF o

72 96 120 144 168
time (h)
oil dispersion (cm 2) surface tension (m N/m)
Pichia anomala MUE24
5 pH 4.5
Batch
30
1 168

4.2 4.2



pH
sugar)

4.5

24

48

72

96

144

168

4.2

(Dissolve oxygen)

Pichia anomala MUE24

(g/0

0.097+0.29

29.69+0.68

23.31+0.51

19.994+0.58

44.798+0.53

54.668+0.19

72.136+0.54

75.46+1.03

168

(cm?2)

0.126+0.03

0.126+0.02

0.785+0.12

12.56+0.50

7.069+0.53

12.56+0.50

12.56+0.33

28.27+0.52

(mN/m)

54.33+0.39

51+0.58

46.67+0.50

38.83+0.53

41.83+0.53

39.17+-0.53

37+0.58

36.33+0.42

AST

(mMN/m)

7.66

15.5

12.5

15.16

17.33

18

(%)

44.9

36.9

1.6

25.1

46.8

68.6

73.0

52

A fh
(Reducing

pH

()

145.98+1.14

134.80+0.90

38.0£2.52

0.49+0.40

0.49+0.40

0.231+0.50

0.31+0.10

0.24+1.05
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N/m

4.2

-
o
(@]

8

=
~
[e]

8

(o]
o

n
o

N
o

~
o

o

60

—#—hiomass === reducing sugar

4.2

24 48

pH 4.5

72
time (h)

96 120

=~ oil dispersion

144

Pichia anomaia

(exponential phase)
(stationary phase) 72
growth associated
diauxic exponential phase 2 12-24
stationary phase
84-168
2 diauxic
168 75.46
28.274
36.33 / Asi 18 mN/m
batch
Pichia anomaia MUE24

pH

4.5

400

surface tension

pH

53

ISuUaj deuns

(Zwd) uoissadsip 1o ‘(w/Nw) uo

MUE24
24
84-108
48-72
54.33
7
30



24

48

72

96

120

144

168

4.3

(Dissolve oxygen)

(/1)

1.872+0.22

10.578+0.50

17.554+0.25

30.45+0.50

31.462+0.50

42.05+0.56

40.07x1.11

40.59+0.23

Pichia anomaia MUE24

(cm?2)

0.096+0.01

0.159+0.02

0.159+0.02

153.94+0.00

153.94+0.00

25.201+0.53

9.616+0.26

26.70x+0.85

44

36

34

29

32

32

33

34

(Reducing sugar)

.67+0.19

.67+0.51

.67+0.19

.67+0.51

.00+0.57

.33+0.19

.33+0.51

.00+0.58

0T

il

AflO pH

(Residue oil)

pH 168
A ST -
MmN/ pH (g9/u (g/L)

m)

(%)

0.00 4.41 98.6 184.64+0.51 149.8+0.64
8.00 4.39 55.1 99.86+0.54 85.8+0.12
18.00 4.94 43.5 5.073+x0.56 4.2+0.25
24.00 8.22 56.0 1.481+0.29 2.8+0.16
15.67 8.34 59.1 0.391+0.11 0+0.00
16.34 8.54 49.5 0.304+0.17 0+0.00
14.34 8.62 65.6 0.299+0.06 0+0.00
17.67 8.74 80.4 0.265+0.07 0+0.00
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48

biomass (g/L), surface tension(mN/m), pH

96

50

72

Ll VA"———G - o

12 24 36 48 60 72 84 96 108 120 132 144 156 168

b iOom ass

——oil dispersion

4.3

Batch

Zhang

96

time (h)

— reduc mg sugar

Pichia anomala

pH 7

4.3 4.3

153.94 cm 2 (

Am 24.00
[63]
pH
pH 45
pH
4.4.1
4.4.3 48-72

~&~residue oil

pH

200

180

160

140

120

100

80

(S

—8 0

~=surface tension

72

pH

(zw>) uoyssadsip (10 ‘(1/8) ;10 anpisay (1/9) sedns Jupnpay

55

MUE24

4.4.2

4.5

72

pH



56

pH 7

4.3

4.4 (4.4.1-4.4.3)

batch 0 , 72 96

96
60 72

72

4.4 4.5




batch

12

24

36

48

60

72

84

96

(870

1.046+0.22

7.061+0.10

10.144+0.54

14.227+0.25

17.388+0.50

22.256+0.51

47.447x0.50

41.346+0.50

45.361+0.50

(cm?2)

0.025+0.01

0.7854+0.01

1.96+0.23

3.9761+0.01

3.94+0.03

23.7583+0.13

153.94+0.00

153.94+0.00

153.94+0.00

400 rpm
Am
(mMN/m)

(mN/m)
49.40%+0.35 0.00
44.67%+0.19 4.73
38.07+0.56 11.33
37.00+£0.50 12.40
35.67+0.51 13.73
35.00+0.29 14.40
31.83+0.54 17.57
34.67+0.19 14.73
34.9+0.55 14.50

P. anomaia MUE24

pH

4.5

4.29

4.32

4.64

4.66

6.61

7.92

8.22

8.25

(%)

93.3

54.0

51.6

72.6

67.8

46.0

60.1

57.1

42.9

57



biomass (g/L), surface tension(mN/m), pH

4.3

MUE24
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= hiom ass ~#— surface tension w————nH == oil dispersion
4.5 Pichia anomala MUE24
Batch pH 4
nile red
3 7 Pichia anomala
nile red
(TEM)
Monta
[571
TEM 4.6 4.7



59

4.6 Pichia anomaia MUE24 3 7

Nile Red

80062222

4.7 Pichia anomaia MUE24 3
7
4.4
4.3
Ueda [58]
15
50
50 3
2

4.5



60

4.5 P. onomolo
MUE24
specific productivity
() (D (1 1,
(g—L( )h( )g( )cell dry
(g/L) weight)
0.55 1.99 X 10'4
1 1,400 rpm, 7 , pH
1.95 1.54x lo"4
4.5
1 , 400 rpm, 7 1.173 1.50x 104
1 , 400 rpm, 7
11.87 1.51x 10'3
( )
1 , 400 rpm, 3 19.4057 5.68x 10'3
1 1,400 rpm, 3
34.061 9.97X 10'3
( )
4.5 Batch
pH crude 72
72
4.5 Analytical Thin-Layer
Chromatograph
20 mg/mL
Analytical Thin-Layer Chromatography 3
6 1-3
Rf Rf 0.95
0.88 0.84 4.8 Rf

4.6



800GSzL22¢

Lane ! Lare 2 Lare 3

F1
F2

F3 &

F4 4

F5 1

F6 i

4.8

Analytical Thin-Layer Chromatography

Lane 1

Lane 2

Lane 3

61



4.6
1. Standard (Fi)
sophorolipid 0.95
2. Crude BS (F1A)
lwm, 400 rpm, 3 0.95
3. Crude BS
(F.B)
lwm, 400 rpm, 3
0.95
( )
153.94 cm 2
4.7
Fraction
Fi A
F2A
f3a
FI B
F2B
f3b
34.061

(Fa)
0.90
(F2A)

0.88

(F2B)

0.88

(Rf)
Rf
(Fs) (F4) (Fs)
0.86 0.81 0.75
(F3A)
0.84
(F3B)
0.84
F2B
4.7
(cm?2)
38.48
132.73
113.10
132.73
153.94
113.10
3
10.9680 19.4057
72

Pichia anomola MUE24

(F6)

62

0.70

4.7

72



4.9 HPLC-MS [71

4.9
) 1 400 rpm 7
4.6
pH4.5
pH
X =" (g/1) P = (8/0
Yp/S = (g-P/g-S) Qp = Productivity (g-P/I/h)

Specific productivity = Qp(mg-P/I/h)/ §-X/L

In (x2- «;
Specific growth rate = p = ) t2 > ti
t2-tl



4.8
Pichia anomala MUE24
Batch pH 4.5 pH
72
Parameters Shake flask Bioreactor Bioreactor
168h 168h 168h
With pH without pH
control control
X (g/l) 16.40 75.46 63.184
P (g/u 0.55 1.95 4.2080
Yp/S (g-P/g-S) 0.0038 0.0135 0.0292
Qp (g-P/I/h) 0.003 0.0116 0.0250
M 0.0087 0.0797 0.3693
Specific productivity 0.199 0.154 0.3957
(mg-P/g-X/h)
4.8
( ) (J (specific growth rate)
pH
Datch pH 72
1J Specific productivity
batch pH 72
4.7 (Emulsion Index)
Shepherd [22]

(Emulsificatiom activity)

64

Bioreactor
72h
without pH
control
45.776
19.4057
0.1351
0.2695
0.6200

5.8874



65

0.1-1.0 0.5
1.311 (Emulsification stability)
, 24 (E24) 90
44 35 7
7
90.08% 78.10% 4.9
4.9 (Emulsification activity)
(Emulsification stability) (Emulsion Index)
©9
=% ~72 B20 HE3
(OD units) @ ) B ) G ) @ )
0.215 79.07 73.95 70.23 50.70
0.137 97.08 97.81 86.86 78.10
0.625 49.28 25.28 23.52 20.80
0.373 99.20 92.76 91.15 90.08
0.194 97.94 96.39 81.44 69.07
0.424 63.21 25.24 25.99 25.00
.0.649 44.68 35.59 35.59 33.28
0.677 68.98 69.57 67.36 66.17
1.311 53.93 36.61 35.39 33.79
4.8 (Critical micelle concentration;
CMC)
50
8 0.01-20,000



CcMC
CcMC

100

4.10

p. onomala MUE24

anomala MUE24

100*

* Das [64]

p. onomala MUE24

(YCMC)

CcMC

116

1,004

537

29.67 mN/m

yCMC

(mN/m)

29.67

38

36

66

4.10
116

cMC
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4.11

(Moisture content) 11.34+0.01 (% wet basis)

(Fiber content) 0.28+0.01 (%dry basis)

(Protein content) 10.28+0.05 (% dry basis)

(Fat content) 0.77+0.02 (%dry basis)

(Ash content) 0.89+0.04 (%dry basis)

87.78 (% dry basis)
(Carbohydrate content)
4.9.2
5 cMmc 120
150 200 250 300 ( CMC = 116.16 )
(2548) 3%

D

5 120 150 200 250
300
( Spss p>0.05) 4.12 Peak 1
Trough Break down
Final Vise Setback

Peak Time
Pasting Temp
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=== Fmal Visc

4.11
( )
120-300
4.12
Peak
Trough 1 Breakdown
1
(RVU) (RVU)
(RVU)
(mg/L)

0 2478 1772 706
120 2501 1793 708
150 2456 1765 691
200 2583 1855 728
250 2467 1783 684
300 2471.5 1755 716.5

1
Breakdown Setback

!/ ?

setback
‘“-—»—~Temperature
RVA
Final Peak Pasting
Setback
Vise Time Temp
(RVU)

(RVU) (min) (°C)
4166 2394 6 80.825
4212.5 2419.5 5.93 80.725
4181.5 2416.5 5.965 80.625
4314.5 2459.5 5.965 80.8
4156.5 2373.5 6 80.75
4165 2410 5.965 80.325

AV i /
cescacfonel tessestts Emmmmmmimmmng )



0 g/L)

Breakdown

Setback 4.13

Peak 1 Trough 1 Breakdown

(RVU) (RVU) (RVU)
Sophorolipid
2478 1772 706
0 mg/L
Standard
2373 1166 1207
sophorolipid
Biosurfactant
produced by
2445.5 1563.5 882

P. anomala

MUE24

spss

Final
Vise

(RVU)

4166

4629

5329.5

p<0.05

70

Setback

Breakdown

RVA
412
Peak
Setback
Time
(RVU)
(min)
2394 6
3463 5.27
3766 5.765

Pasting

Temp

0

80.825

80.75

80.35
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Sophorolipid by

P. anomala MUE24
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; control
Ry
N
\ 5
,,/"“ N
£ b
\(‘
g,
‘ s 5 ? H ) ] 3 “
Tire (Mo,
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(water holding capacity)
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153.94

120-300

4.15
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80 °c

Amansnlunsazane (g/8

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

4.14

4.15

control

120

150

200

(mglL)

73

m 60°c
m 65°C
m 70°c
m 75°C

m30°C

300

60, 65, 70, 75

m60°C
m 65°C
m 70°C
m 75°C
m 80°c

60, 65, 70, 75
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