CHAPTER IV

Candida

at OTR about 4 mMol O9/Lh,
150 rpm (Milan Dostale ‘

otein of biomass and glucose

consum'ption were maa: presented in Table 4.1 and figure

4.1. It can be seen that sed after 24 hour of cultivation.

The maximum specific growthrz oAl 33 h™1, the yield of biomass of 0.495

Pl T i

g/g and the perc' G 97 % were achieved.
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Fig. 4.1 The growth of C. utilis 5001 in YM medium

The cultivation of C.utilis for used as starter was carried out in three groups



29

Each group with 5 observations and results are shown in figure 4.2. The
average dry weight of the three repetitions are 4.55 g/l, 453 g/, 452 g/l
respectively (Table 4.2). The results of calcule;tion of Anova is shown in Table
4.3. The critical value of F for two degrees of freedom (2 and 12) were given as
3.08 from S.Critical Table value of the F-distribution. Since the computed value

of F (0.12) does not exceed the critical value (F g3 12 = 3.08 ). Thus the

average dry weight of bioma ilis in YM medium are not significantly
different at level of 0.05.

Table 4.1 The growth of.€andida utilis £ in'YM medium

Glucose

g/l

9.99

9.36

3 7.68

4 6.95

5 6.21

36 4.43

9 w23 3.2

g 21 3.71 ﬁms 2.11

9 f al 24 L] 27 1.54

FW dly W jjjﬂ 50 1.4

11 3¢ 468, | 235 Qs 12

N M REHP IR ON AR RE

9 13 36 4.73 2.31 0.9

14 39 454 2.22 1.05

15 42 4.61 2.28 0.6

16 45 4.66 2.31 0.7

17 48 4.75 2.32 0.6
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4.55 _

Biomass, g/l

" Fig. 4.2

of cultivation, the cult ‘ mate
W P,

300-400 million cell per ml as
determined by hemo oLt _"I"_'.fa&‘The rowth characteristics of C. utilis
b’é-ﬁ‘éed f@xp riments of mixed culture in SCP

: T s 4
production. Ak 7 m:_

was considered suitable to

i.*-‘.', _'A{ .
Table 4.2 Avera ;idry welght of bi utilis after 24 hour of
cultivation. J . "
“Qbservations | grdup A oup B group C
A T
’ Y 1 455 | 457 |,,437
Y WIRNAIRUUAIAN BN B
q 3 4.48 4.62 4.67
4 4.57 4.58 455
5 454 4.51 452

average 4.55 4,53 452
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Table 4.3  Anova Table for Candida utilis~ for 24 hr.

Source DF SS MS
Treatment 2 1.75E-03 | 8.52E-04
Error 12 8.70E-02 | 7.25E-03
' 8.87E-2 &
r >
BDE. 2. 12
—— 12 < 3.08

4.1.2

ne growtnee

medium at OTR about 4

E. fibuliger; _ t
mMol Op/L.h at 150 r : he g‘rowth, protein content,

accumulation of glucosgland: starch constimption were measured. The results

are presented in figure 4.
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Fig. 43  Thé growth of E. fibuligera 5097 in YM medium



Table 4.4 The growth of E. fibuligera 5097 in yeast starch medium
No. hour pH Biomass Protein Glucose Starch
all g/l gl a/l
1 0 6.65 1.23 0.15 0.00 10
2 3 5.82 1.6 0.18 0.20 8.71
3 : 5.57 \ 0.47 1.20 7:92
4 8 5.2: 36 055 2.18 5.87
5 12 2.5 JuEr 4.09 5.00
5 15 3 78" | 468 4.50
7 18 8 X 4.45 3.65
8 21 iﬁ;@iﬁ N 3.96 2.51
9 24 2 L rosl 4N a8 | 295 2.12
10 27 5 4 AN 229 1.76
11 30 1 1Az, 2.5 1.36
12 33 2. ;? i 2 1.56 153
13 36 2.24 fLZT_Tf'i; 2.1 1.01 1.14
14 39 225 | 454 | I 055 1.20
15 42 4 . 0.35 1.12
16 5 ). 36 | 024 1.22
17 . 221 4.77 2.31 0.20 1.12

T TR
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fStudy on cultlvatlon of E. ﬁ_b_uhge_na for used as starter was

C1 are 4.59 g/,

calculation of Anova is shown in Table 4.6.

nd results are

B1 and group

459 g/l, 455 g/l respectively (Table 4.5). The results of



33

Table 4.5 Average dry weight of biomass of E. ﬁb_uhge_l: after 39 h. of
cultivation.

Observations group At | group B1 group C1
- gl g/l g/l
1 | 4.61 457
2 ' 4.63 4.51
| 9. —.44 453
A N 459 4.52
459 167 4.62
e | 4489 o 4.55
Z N
i \ .
Table 4.6 Anova Tablg offbi ass of £ in yeast starch media for 39 h.
a4\
oujee ﬁgé‘ SS MS
I B
 Treatment | 12E:03 | 2.56E-03
= 2 | 4.21E-03
[ Tots 58E-02 -
F-vé‘iﬂe— 0.61 D.F. 2,12

ﬂ“u’ﬁ TNUNITRYINS

The cnt|ca| value of F for two degrées of freedoni’2 and 12 was given
as Qsﬂq aﬁﬂ imcum valu g w Elq a &mon Since the
comp&ted value of F is 0.61 which does not exceeds the critical value (F g5 2 12
= 3.08), therefore, the average dry weight of biomass of E. fibuligera in YM
medium are not different at the level of significant of 0.05. The conclusion is

thus these values of average dry weight of biomass are equal and they do not

depend on the number of observations.



Biomass. g/l
B T - - T )

Fig.4.4 The aver _ 'ﬂ iomass of E. fibuliger after 39 h. of

cultivation. X

-

082 h‘1, the yield of biomass of
)

ss yield of 92.7 % were achieved

The maxim
0.473 g/g and the per
(Table 4.7).

Table 4.7 Kinetics pa and E. fibuligera 5097

£J¢ Yxis | Y%

e
0.459 | 0.167 | 97 _
0.473 | 0.173 | 92.7

e

ﬂ E. fiblligera 5097| 0:082 W

[ d

Y Umax: The maximum specifi&ﬁqrowth rate /1

ARIQNNFERUAATRE 60

x/s : The biomassyield g/g :

Y% : The percent of theriocal biomass yield %

In this condition of cultivation, the culture contains approximately 400-
450 million cell per ml as determined by hemocytometer counts. The growth
characteristics of E. fibuligera was considered suitable to be used for the

experiments of mixed culture in SCP production.
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4.2

4.2.1

Figure 4.5 and Table 18 showed the results of experiment which used
ratio of C. utilis to E. fibuligera as 1:1 by volume. The final concentration of

biomass reached a highest value h /I for the introduction of C. utilis at 18
‘f’

th hour and a lowest value bi 2 62 hour When mixed inoculum of

two yeast at the Othm cqbnva@lase actlwty of E. fibuligera
appeared to be retaided Bacs

_se grommmﬂjs predominated in the
culture. This interpr lth the \mby S.A. Lemmel 1979 who

examined the gro

5 1 0 : ]
qwa\ﬂﬂmwﬁ%maa"

Ratio of C. utilis to E. fibuligera

Fig. 4.5 Variations of biomass with time for all volume ratio of starter.
C. utilis and E. fibuligera was mixed also with a volume ratio of 1:2, 1:3

and 1:4. It can be seen from figure 4.5 that biomass yield from mixed culture is

the same for one addition time being highest at 18th hour. The biomass yied

T1ea2668X
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does not depend on the ratio of the two yeast

Table 4.8 Variations of biomass dry weight (g/l) with time for all volume ratio

of starter

Ratio The addition time
Candida:Endomycopsis

18 h 24 h
11 4.55 4.25
1:2 4.63 4.31
13 4.66 4.29
1:4 4.68 4.35

In all cases, a 3 (6] th “ ‘c neentration of biomass may have

been limited by early ti . Thus all the results presented

should be primaril uted " to" of C. utilis due to its
predominance. Accorlngw‘;ﬁ ‘é’:e ros or early the addition of C. utilis is
probably not good and-e’[:.ﬁ&gi{t‘? or this SCP production process

An alternative

fibuligera first j eieh biomass is obtained to
r

I
produce amylase

eported in Symba process {Jarl 1969). The second stage

would be a:ﬁnxed clitere at an ap {nate time, in which C. utilis would be

T B d b iled A Fh indicates an optimum

addition tim of C. utilis to be at 18th hour

Tab@ﬁﬂﬁﬁﬂ G B 6919 Eﬂﬂ = Sl

predomina

Source DF SS MS
Treatment 19 33.05 : 1.740
Blocks 2 0.00 0.003
Error 38 0.35 0.009

Total 59 33.41 .

F- value = 186.4 F- table = 1.84 D.F. 19,38 239.3 > 1.84
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The statistical analyses was used here to determine the confidence of
the data. (Table 4.9). For any ratio of C. ullhs to E. fibuligera, it was observed
that a high concentration of biomass was reached at 18th hour of addition time.

The variations of the quantity of biomass is not significant, or they are equal at

significant level 0.05.

concentration, protein

formation and glu ates he mediu 1 are presented in Figure

in formation (0.04 g/l.h) takes

place between the *.\ of cultivation. The higher

concentration of gl hydrolysis and hinders the

growth -of E. fi cose reached a peak at the

15th hour. The maxim lation rate was 0.52 g/l.h.

6 \J
S 5 m
5 4
::!? 3 Biomass
€
o 2 ﬂﬁWﬂq ‘j
2 OO OO0 Protein
.. s
IR ARG 8 e
q U D 4 g &

Cultivation time, hour

Fig. 4. 6l The growth of mixed culture of C. utilis and E. fibuligera in
medium M1.



The concentration of glucose decreased after the 12th hour.

consumed at a nearly constant rate of 0.29 g/l.h and its concentration at the

end: of the cultivation period was 0.09 g/I.

Table 4.10

medium M1.

The growth of mixed culture of C. utilis and E. fibuligera

No. Protein | Glucose
g/l a/l
0.22 0.54
Z 0.27 0.90
3 r= 0.30 2.50
4 [ Yok 0.38 4.90
G 2 0.43 5.60
6 167 (de303) | 059 4.70
7 TR Y 0.94 4.30
PPN _1.15 3.10
— 1.38 1.90
5 | 1.58 1.30
30 4.14 1.62 0.54
0.23
0.11
F 0.08
Elo.og
0.09
0.09

Glucose was
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Fig.4.7 The growth ' > of C.utilis and Efibuligera in medium M2.
Similarly, for the o, ‘ ulture n medium M2, the maximum

lucose accumulation rate, 0.33
rate, U.27 ' g/l.h were obtained.

The numerical results ar Ywrtin fige and Table 4.11.
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Fig.4.8 The growth of mixed culture of C.utilis and E.fibuligera in medium M3.



Table 4.11

medium M2.
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The growth of mixed culture of C. utilis and E. fibuligera in

P
2

hour

Biomass

g/l

Protein

g/l

Glucose

g/l

2.01

0.24

1.08

!l NG| | A~ W|IN|-=

- | | -
N| =10

0.35

1.20

0.47

2.50

0.52

4.13

4.78

i

R
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5.13

4.18

3.76

2.39

0.99
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e
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0.42

0.22

0.21

1
o

0.20

0.19

0.19

0.19

- . ¢ o o/ _
Sy, Fa5 ke Grbwirtof rided cutinh 1|k W8, fine maximum

protein f%rmation rate, 0.06 g/l.h, the maximum glucose accumulation rate, 0.41

g/l.h, the maximum glucose. consumption rate, 0.25 g/l.Lh were obtained.

The numerical results are shown in figure 4.8 and Table 4.12
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Table 4.12 The growth of mixed culture of C. utilis and E. fibuligera in
medium M3.

No. hour Biomass Protein. | Glucose
all g/l g/l
1 221 0.23 1.62
2 5 0.34 1.85
3 0.44 2.90
4 0.57 3.24
5 OSE 0.66 5.56
6 409 0.84 5.24
¥z e 1.18 4.30
Nz | 1.37 3.84
9 24 30708 VW 1.73 2.71
10 CEE P A 21 1.52
11 .= 2.38 1.14
12 = 33 2.41 0.40
3 5 B .48 0.27
_ B 0.25
15] |42 [ 256 0.24
16 4 | 520 2.55 0.25
AR wEIRg L=

RSO FAIIAANEE oo e

hour of cultivation. At the same time, concentration of protein reached 1.64 g/l.
Therefore, the ratio of biomass to cassava was 0.402 g/g (figure 4.10) and
protein in biomass (dry weight) was 38 % (figure 4.11). The 'ratio of protein
produced at any time to the maximum protein (1.64 g/l) that can be obtained

increases gradually reaching 1 at the 39th hour of cultivation.
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medium MA4.

Starch concentration

0.5
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Ratio of biomass to cassava in mixed culture of C. utilis and E.
ﬂb_ulige_La in medium M1, M2, M3, M4.

The ratio of biomass to cassava was 0.402 g/g (figure 4.10) and protein
in biomass (dry weight) was 38 % (figure 4.11). The ratio of protein produced
at any time to the maximum protein (1.64 g/l) that can be obtained increases

gradually reaching 1 at the 39th hour of cultivation. The maximum rate of



43

protein formation (0.04 g/l.h) takes place between the 12th and the 39th hour of
cultivation.

Similarly; for the growth of mixed culture in medium M4, the maximum
protéin formation rate, 0.07 g/l.h, the maximum glucose accumulation rate, 0.29

g/l.h, the maximum glucose consumption rate, 0.30 g/l.h were obtained.

Table 4.13

medium M4.

N ur—t Biam: rotein | Glucose
% j;#i:' r g/l g/l
N7 2 £ 0.24 2.16
2 B2 724 039 2.35
3 a6 - 32 0.47 3.39
e 7e 0.65 5.22
5.70
5.82
5.18
3.88
| 218
b0 27 4.83, 1.85 1.25
ol RERE T DN EER R
g 12 33 522 2.38 0.41
13 36 5.49 2.69 0.37
14 39 5.56 5.2 0.36
15 42 5.59 2.84 0.35
16 45 5.62 2.79 0.35
17 48 5.65 2.83 0.34
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The ratio of biomass dry weight to cassava in mixed culture using

medium M1, M2, M3, M4 was relatively stable after 33 hour of cultivation.

The numerical results are presented in Table 4.14

Table 4.14 Ratio of dry weight to cassava in mixed culture of C. utilis and

E. fibuligera in medium M1, M?\

2

T M3 M 4
: a/g g/g
0.190 0.184
0.211 0.224
0.263 0.273
0.283 0.292
0.302 0.308
0.352 0.353
0.355 0.324
0.362 0.350
0.374 0.391
0.419 0.397
0.458 0.418
0.459 0.429
| o.a60 0.451
%ﬁf 0.457
1 00.448 | 0.460
0.448 0.462

0.459

0.465
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Starch concentration

—o— 15 g/l

Protein %

—e—— 20 g/I

—o— 25 g/l

Molasses:Starch
1:4

Fig. 4.11 Proteif cg in"biomass of r d culture of C. utilis andE.
fibuligera in medium M .

‘Starch concentration

1.
0.8 | e 10 g/l

§ 0.6 et 15 O

g

.94 — e 20g/

g 25 oA

g wﬂwﬁwawn
awh ENﬂ TOEL T IV 6

Cultlvatlon time, hour

Fig. 4.12 Ratio of protein produced at any time to maximum protein obtained

in mixed culture in medium M1, M2, M3, M4.
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The protein content in biomass of mixed culture of C. utilis and E.

fibuligera in medium, M1, M2, M3, M4 was relatively stable after 36 hour of

cultivation. The numerical results are presenteci in Table 4.15 and figure 4.11.

Table 4.15 Protein content in biomass of mixed culture of C. utilis andE.
fibuligera in medium M1, M2, M3, M4. '

No. f2” M3 M4
A ! o % %
1 0 mm 10.41 10.71
2 3 W"/ \: 4 |~ 13.88 14.34
3 6 ;ZI‘( ‘-"é‘ \ 8 14.16
4 9 35 w1 ‘ 33 18.31
/NN

5 12 M [ 86 ¢ | 19 s 880 | 2053
6 15 | d:aﬁf_:‘f;;* 2 20.54 22.61
7 18 29.,3;5‘-1'??:‘_ 28.64 28.93
8 21 334 | 32.54 38.97
9 24 Jor3825° | 780 39,77 36.13

24| w2 | Tw %
10 _ ja 38.30
11 3Fﬁ' ’ ﬁ.u 38.39
12 33" 37.35 47.74 45.22 45.59

- o

13 ‘ Wﬁ | 463y  49.00
u o ] S 9 4892

- 9 (1 oy ‘VEH&} “50,81
ﬁn W |&ﬂi ( 8 4 1PV dolss
17 48 40.55 49.00 49.13. 50.09
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The formation of cell mass protein in mixed culture of C. utilis and E.
fibuligera in medium M1, M2, M3, M4 was relatively stable about 39 hour of

cultivation. The numerical results are presented in Table 4.16

Table 4.16 - Ratio of protein produced at any time to maximum protein
obtained in mixed culture in medi “W, M3, M4.
No. hour . | 4 M “M3 M4
, ‘\ g g/g
1 0 10 ﬁ:bs 0.08
2 3 : 1& Wik 0.14
3 5 o019\ 1 oy 0.17
4 9 23" o0 27\ Y 2 0.23
5 12 12604 )-) 0.26 0.27
6 15 0.36M7 33 0.34
7 18 e 0.46 0.40
8 2 076 - |, ‘0l 05 0.58
9 e - ‘}1- 0.61
10 27 - | 096 0@2 0.65
11 30~ | o092 0.94 0.3 0.69
12 | \ o 084
13 ’ . . 0. 0.95
14 39 100 © | 09 ; ad
1 294 ¢ 0 K ﬁ1§ .
6 45 0.99 0.99 1.00 0.98
17 48 0.99 1.00 0.99 1.00
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Fig. 4.13 mixed culture, of 4C. utilis and E. fibuligera in
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Fig. 4.14 The growth of mixed culture of C. utilis and E. fibuligera in
medium M6 '

For the growth of mixed culture in medium M5, the maximum protein

formation rate, 0.07 g/l.h, the maximum glucose accumulation rate, 0.29 g/l.h,
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the maximum glucose consumption rate, 0.30 g/l.h were obtained. The

numerical results are shown in Table 4.17‘

Table 4.17 The growth of mixed culture of C. utilis and E. fibuligera in
medium M5.

Protein Glucose

g/l g/l
0.33 0.81
0.43 1.12
5 o 53 2.12
9 e _ 76 4.22
5 2.0 404 0.95 5.25
55 ) N 112 5.88
7 A8 Tl e6 | | 1.01 5.32
8 & 5 152 3.85
g : 2.97
0.86
0.42
0.26
0.22
f _
B n4fu 1 n?ﬁsg 2%]\ 21
OV R OV I PR (120

Similarly, for the growth of mixed culture in medium M6 , the maximum
protein formation rate, 0.06 g/l.h, the maximum glucose accumulation rate, 0.42

g/l.h, the maximum glucose consumption rate, 0.36 g/l.h were obtained.



The numerical results are shown in Table 4.18

Table 4.18

medium M6

Y
AN

50

The growth of mixed culture of C. utilis and E. fibuligera in

Protein Glucose
gl g/l
0.34 1.62
AP 045 | 128
0.53 2.12
B 2 0.76 4.22
2L 0.95 5.25
6 o 1.12 5.88
88 2] 1.01 5.32
29" | "Jig 95 152 3.85
9 LT 1.75 2.97
10 |27 83 1.34
.95 0.80
, ‘ ﬁ 2.11 0.39
13 36 7.63 2.28 0.37
|ﬁgﬂ%_of S g0 b A% | o3
Whd d L {ITded | o34
16 485 7.5 263 4 034
7814 Tﬂﬁ_ﬁ Joss
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Fig. 4.16 The growth of mixed culture of C. utilis and E. fibuligera in
medium M8
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Similarly, for the growth of mixed culture in medium M7, the maximum
protein formation rate, 0.09 g/l.h, the maximum glucose accumulation rate, 0.40
g/l.Lh, the maximum glucose consumption rate, 0.33 g/l.h were obtained..

The numerical results are shown in Table 4.19



Table 4.19 The growth of mixed culture of Qunhs and E. fibuligera in

medium

M7

No. hour Biomass | Protein Glucose

N\ /1 g/l g/l

1 N/ e 0.34 2.43

— Bl 0.42 2.63

401 %072 2.99

7N SR

7 PN T

LY bk S s

1 4 82 M‘k 1.40 6.34

8 R RED 4.96

2.38 3.22

1.90

0.85

0.58

0.54

‘ 0.52

0,7 -] qﬁﬁq 0.50

I!t HE q ”4&” 765 ] 13390 | o0.49

S 48 nn7f£.’.1g an gﬁﬂ f¥ﬂ0i43

ld ¥iD |
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Similarly, for the growth of mixed culture in medium M8, the maximum

« protein formation rate, 0.09 g/l.h, the maximum glucose accumulation rate, 0.23

g/l.Lh, the maximum glucose consumption

The numerical results are shown in Table 4.20

rate, 0.30 g/l.h were obtained.



Table 420  The growth of mixed culture of C. utilis and E. fibuligera in

medium M8

No. hour Biomass | Protein | Glucose
gl g/l g/l
1 0 3.03 0.34 3.24
2 0.56 3.35
3 0.66 3.75
4 0.71 4.80
- | 082 5.46
91 6.10
4418 44 .05 5.76
; _ ' 9 4.33
9 4 s 34 2.34
10 27 166 | |} 2.0 1.65
1 I b 4 219 | o0.99
12 = 2.33 0.72
3 17 270 0.68
14 0.66
_1_2@ [B.28 0.65
16 45 758 3.23 0.66
| TR e[ o

== TN W

b

s

RN TUUMINYAE
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Fig. 4.18 Protein content in biomass of mixed culture of C. utilis and E.
fibuligera in medium M5, M6 , M7, MS8.

The ratio of biomass dry weight to cassava in mixed culture using
medium M5, M6 , M7, M8 was relatively stable after 36 hour of cultivation. -

The numerical results are presented in Table 4.21
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Table 4.21 Ratio of dry weight to cassava in mixed culture of C. utilis and
E. fibuligera in medium M5, M6, M7, MS8.

Z
¥

M8

a/g
0.166
0.197
0.235
0.246
0.263
0.273
0.265
0.298
0.300
0.338
0.374
0.381
0.384
0.402
0.414
0.416

b

lo|lNd|loo|lO| &~ WIN

The protein content in biomass of mixed culture of C. utilis and E.
fibuligera in medium, M5, M6, M7, M8 was relatively stable after 36 hour of

cultivation. The numerical results are presented in Table 4.22



Téble 4.22  Protein content in biomass of mixed culture of €. !.mh_s and E.
fibuligera in medium M5, M6, M7 M8.

No. hour M5 M6 M7 M8
% % % %
1 0 12.55 11.97 11.37 11.22
2 3 15.60
3 6 15.38
4 9 15.85
5 - 17.12
6 " A 50 18.27
7 8" A/ 200sa il aner [ 21.74
8 Ilﬁ'&l\ﬁ 3425 27.44
9 £l B 2562 |, 39.31 34.49
10 ,' 687 | 3640 | 3328
11 30 L | 41.19 32.11
12 41.44 | 3353
13 36 i 968 | 3852
14 95768 | 30, -4 14 | 4065
15 4334 | 43.39
16 g‘, 4932 | 3465 44.31 42.61
I EVCta Pt s
i o111 v
Y
ARIAINTU U INYINY

' |
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Fig. 4.20  The growth of mixed culture of C. utilis and E. fibuligera in
medium M 9.
The formation of cell mass protein in mixed culture of C. utilis and E.
fibuligera in medium M5, M6, M7, M8 was relatively stable about 39 hour of

cultivation. The numerical results are presented in Table 4.23



Table 4.23
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Ratio of protein produced at any time to maximum protein

obtained in mixed culture in medium M5, M6, M7, M8.

No. hour M5 Mé M7 M8

g/g g/g g/g g/g
1 0 014 0.13 0.10 0.11
2 3 0 17 0.12 0.17
3 6 0.21 0.20
4 9 0.27 0.22
5 12 0.32 0.25
6 1 35 0.28
7 v 41 0.33
8 2 58— 54 0.46
9 24 Rl 63 0.70 0.59
10 2 0.785 - | 40i70 0.71 0.63
1 30 081" | "40.74 0.78 0.68
12 33 g 0.84 0.72
13 0.84
14 0.94
15 1.00
16 1.00
17 1.00

. ¢ | a v/
ARIANNIUARIINE IR Y
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For the growth of mixed culture in medium M9, the maximum protein
formation rate, 0.08 g/l.h, the maximum glucose accumulation rate, 0.40 g]l.h,
the maximum glucose consumption

rate, 0.31 g/l.h were obtained. The

numerical results are shown in Table 4.24

Table 4.24 The growth of mixe

‘medium MQ.: Ny

e

>

utilis and E. fibuligera in
—
T ——

£

Glucose

g/l

<

|

1.08

o

1.32

2.08

4.18

5.70

6.14

6.04

4.18

2.3%

1.90

0.92

0.63

15 42 7.65 3.04 0.26
16 45 177 3.02 0.21
17 48 7.88 3.04 0.22

For the growth of mixed culture in medium M10, the maximum protein
formation rate, 0.09 g/l.h, the maximum glucose accumulation rate, 0.34 g/l.h,

the maximum glucose consumption rate, 0.32 g/l.h were obtained. The



results are shown in Table 4.25 and figure 4.21

Table 4.25

The growth of mixed culture of C. utilis and E. fibuligera in

medium M10.

No. h ) mass Protein Glucose

; al g/l

1 0.43 2.16

2 0.63 222

0.77 2.69

L 7 0.89 3.98

5 —= 0.91 5.52

6 pev 1.12 6.60

7 184 )b 1.93 6.24

8 2407 " Alig 35 2.00 3.66

9 i 2.15 1.99

10 L 269 1.66

.92 0.92

\ ﬁ} 2.99 0.87

13¥ 36 7.35 3.05 0.81

I ﬁﬁ‘v 0.75

11308 0.61

' 053

HOAG

60
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— = Protein

——o—— Biomass

Concentration, g/l
CaNwWRAROONO®

———— ‘Glucose

Fig. 4.21
medium M10.

—=—— Bijomass

Y Protein

3.'.‘ Y1} !I.l‘llﬂll | ‘i—.—-_Glucose

12 18 24 30 36 42 48
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CauNWRMGOONO®

q W'W QSRR Ne‘lﬂoﬂﬂiﬂﬂ d

Fiq. 22. The growth of mixed culture of C. utilis and E. fibuligera
medium M11.

For the growth of mixed culture in medium M11, the maximum protein

formation rate, 0.08 g/l.h, the maximum glucose accumulation rate, 0.25 g/l.h,



the maximum glucose consumption

numerical results are shown in Table 4.26

Table 4.26

medium M11.

The growth of mixed culture of C. utilis and E. fibuligera in

I

No. Protein Glucose
g/l g/l
1 3 _0.43 3.24
2 | 0.66 3.62
3 24 76 4.14
4 R " .89 5.78
5 2 obads.7 1.04 6.07
6 W 1.31 6.64
7 pr——— 1.46 5.59
8 =1 2.15 3.32
""i’fjf’% /o 2.17
55 1.96
1 (275 0.89
2 | 3 | 73 2.98 0.87
2868 -
qQ 14 39 7.56 ¢ bl BT
f
q %aﬂﬁgliﬁgqq 86
' WY 13 53
17 48 7.88 3.12 0.85

62

rate, 0.38 g/l.Lh were obtained. The

For the growth of mixed culture in medium M12, the maximum protein

- formation rate, 0.07 g/l.h, the maximum glucose accumulation rate, 0.33 g/l.h,



63

the maximum glucose consumption rate, 0.42 g/l;h were obtained. The

numerical results are shown in Table 4.27

Table4.27

The growth of mixed culture of C. utilis and E. fibuligera in
medium M12.

Protein Glucose
g/l g/l
0.43 4.32
0.66 4.62
02 5.16
4 99 6.78
5 Nty 1.14 8.12
6 AREL 7 1.55 8.60
7 67 2.11 7.41
8 == 4 232 6.40
9 g 3 3.32
— 55 2.16
1. .95 1.66
12 33 7.36 2.99 0.97
N 294y | 098
33291 o075
88
2 63
17 48 9.37 3.25 0.59
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Fig. 4. 2 Ratio of dry weight to cassava in mixed culture of C. utilis and E.
fibuligera in medium M9, M10 M11, M12

The ratio of biomass dry' weight to cassava in mixed culture using

medium M9, M10, M11, M12 was relatively stable . after 36 hour of
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cultivation. The results are presented in figure 4.24 and Table 4.28

Table 4.28  Ratio of dry weight to cassava in mixed cuiture of C. utilis and E.
fibuligera in medium M9, M10, M11, M12 !

No. hour M12
g/g
1 0 0.184
2 3 0.201
3 6 0.234
4 : 0.226
5 0.268
6 15,4 0.2 0.274
7 18 0?,_ E 274 [ No258 | 0274
8 21 | o307 | 1 0277 | o289
et
9 24 4%4 93 0312 | 0.294
10 u 0.311 i 0.301
1 = 0.305
12 3] 0816 | 0303
13 36 ¢ 0360 | 0332 | 0320 | 0304
14 jé 863 | ‘§3‘ﬂ Mﬁﬁ 0.310_
15 E.l 42 0363, | 0.359 | 0.331 350
6 # ' 5
%l l | gtsi | . 0.35 0339 | 0385

The protein content in biomass of mixed culture of C. utilis and E.
fibuligera in medium, M9, M10, M11, M12 was relatively stable after 39 hour

of cultivation. The numerical results are presented in Table 4.29



Table 4.29 - Protein content in b‘iomass qf mixed culture of C. utilis and E.

fibuligera in medium M9, M10, M11, M12

AMIANTAUNIINYIAL

No. hour Mo | M10 [ M11 [ M2

% % % %
1 0 9.86 | 1147 | 1138 | 9.60
2 3 1517 | 1352
3 6 15.11 | 17.96
4 9 33 ¥ 1 30 | 18.03
5 1 83 1,18.09 | 17.48
6 , 9 | 2324
7 79 [ 12886 | 37 | 3163
8 6171 12836 | 3348 | 3295
9 24 9571931.81 | \3a89 | 3673
10 27 6 L 84 | 36.20
1 30 pr— == 6.62 | 39.81
12 33 ,% 3 4054 | 40.63
13 36 T3412 | 59~ | 39.78
14 41.19
15 38.47
16 36.17
17 G 34.69

q
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Fig. 26 Ratio of protein produced at any time to maximum protein obtained in
mixed culture in medium M9, M10, M11, M12.

Molasses:Starch

The formation of cell mass protein in mixed culture of C. utilis and E.

fibuligera in medium M9, M10, M11, M12 was relatively stable about 39 hour of

cultivation. The results are presehted in figure 4.26 and Table 4.30.



Table 4.30

obtained in mixed culture in medium M9, M10, M11, M12.

68

Ratio of protein produced at any time to maximum protein

No. hour M9 M10 M11 M12

g/g g/g g/g g/g
1 0 0.14 0.14 0.14 0.13
2 3 0.21 0.20
3 6 0.24 0.31
4 9 23 0.28 0.30
5 12 0. .33 0.35
6 15 | N0.42 0.47
7 4 1.0.47 0.65
8 377 069 0.71
9 2 5701 40.68, I\ 0.8 0.80
10 27 y 0.81 0.81
11 30 0.88 0.90
12 33 : 0.95 0.91
13 ngs 085 99, 0.90
14 : 0.95
15 g 0.99 1.00
16 45 0.99 1.00 0.95
17 g

v | ¢ | o . .u
ARIANNIUARIINE IR Y

For the growth of mixed culture in medium M13, the maximum protein

formation rate, 0.09 g/l.h, the maximum glucose accumulation rate, 0.63 g/l.h

the maximum glucose consumption rate, 0.46 g/l.h were obtained. The

results are shown in figure 4.27 and Table 4.31.

r



Table 4.31 The growth of mixed culture of C. utilis and E. fibuligera in
medium M13. :

No. hour Biomass Protein | Glucose
g/l a/l g/l
1 0 6.38 0.54 1.35
2 | 0.71 1.62
3 ~0.84 258
4 - 0.99 6.28

5 7 & 1.06 p by ¢
6 4 1.12 9.18
7 247 4 15 8.52
8 N d s 6.64
9 4S9 93 3.15
10 ZpH [ ) 245 2.32
1 L W 250 1.15
12 e 2.49 0.91
1 T ] 0.90
—r—30— BT % 0.72
0.75
0.67
0.65

AMANTUAMINIAY
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Table 4.32

The growth of mixed culture of C. utilis and E. fibuligera in
medium M14.
No. hour Biomass | Protein Glucose
g/l g/l
t ““‘ - 0.54 2.70
J E 0.75 2.85
A5 || 58 3.28
A /EN‘R\\\ 95 5.78
AM’%‘L&A\\ 124 | 684
A /)5 CRa% 8.20
P VR RE \\‘ 7.49
8 “'ﬁ,ﬁﬁ 4‘5\ B 2.5 6.76
253 3.51
2.86 257
1.25
Tz 0.90
; 3. 3. 0.81
14 39 4835 3.24 0.77
| 4 : 'fj 0.75
Wﬁ L. '8.'67; 3.39 0.75
74

71
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Fig. 430
medium M16.

The growth of mixed culture of C. utilis and E. fibuligera in

For the growth of mixed culture in medium M15, the maximum protein

formation rate, 0.09 g/l.h, the maximum glucose accumulation rate, 0.39 g/l.h
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the maximum glucose consumption rate, 0.42 g/l.h were obtained. The

numerical results are shown in Table 4.33

Table 4.33  The growth of mixed culture of C. utilis and E. fibuligera in

e e w///

No. g5 .-‘-'- ..Protein Glucose
- *g/l g/
] | e e | s

789NN
T T N

5.77

6.98

8.90

8.61

5.55

4.28

Y . a4 1.95

- Y 9 1.41

rﬁ‘ _ 1%“1 | 137

3 FEE ' SN ket 0] 46

A alanlaS aloSlal a0 (s
ﬂ;ﬁ T ek VIR L
16 45 9.32 3.49 0.99

17 48 9.34 3.46 0.89

For the growth of mixed cqlture in medium M16, the maximum protein
formation rate, 0.10 g/l.h, the maximum glucose accumulation rate, 0.28 g/l.h,

the maximum glucose consumption rate, 0.42 g/l.Lh were obtained. The



numerical results are shown in Table 4.34

74

Table: 4.34 The growth of mixed culture of C. utilis and E. fibuligera in
medium M16. ,
No. 1 3 3 ss | Protein | Glucose
— all an
1 "~ 0.55 5.40
2 0.89 5.65
T 1.01 5.83
7% A1 6.21
2 7 19 7.98
6 15 [/{74 8.6 67 8.98
7 gl 2.45 8.03
8 B 2.66 7.52
9 = 2.50 4.77
2y 2,78 2.81
T 2.32
17 8.29 1.36
13 36 9,86 3.64 1.28
| qm 1.19
15 4 9.34 347 1.20
qwf}aﬁnqﬁfq P aaal Y 449
q‘ NI OB N Viogs 0 1144, 01
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Fig. 4. 32 Protein content in biomass of mixed culture of C. utilis and E.
fibuligera in medium M13, M14, M15, M16.

The ratio of biomass dry weight to cassava in mixed culture using

medium M13, M14 M15, M16 wés relatively stable after 36 hour of
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cultivation. The numerical results are presented in Table 4.35

Table 4.35 Ratio of dry weight to cassava in mixed culture of C. utilis and E.

fibuligera in medium M13, M14 M15 M16
No. hour M : M : - M16
S\l | %
1 0 d 0. 0. 0.178
2 3 o7t | 0.216
3 6 | 0.255
4 9 4, ¢ 0.256
5 12 4 v 0.277
6 15 0 85 o 0.285
-

7 18 289 0.269
8 21 0.2958 4 0.276
9 24 0285 | @ 0.271
- 27 00287 | 0281 0.2 0.269
11 — 8.901+—— ' 0.265
12 2 : 0.295
13 36 0.328 0.298 0.293 0.324,

e -

# & 41099y ] 004
15 o ; ‘306 0.320 0.307

5 5 63, o R 3
%W |&ai - 21 @ iaﬁ I 01327
-~
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The p}otein content in biomass of mixed culture of C. utilis and E.
fibuligera in medium, M13, M14, M15, M16 was relatively stable after 39 hour

of cultivation. The numerical results are presented in Table 4.36

Table 4.36

Protein content (\

fibuligera in medium M1f: 14,

culture of C. utilis and E.

No. 13| £ M1s M16
- 9 %
1 .46 .52, [W12.94 | 10.15
2 96| W37 Py 1774 | 1358
3 12799 12 1653 | 13.03
4 3 N avsas sz | 1587 | 1429
g 452 175 1637 | 14.13
6 157 [S4505 $9071 | 2132 | 1931
7 18_ A= He0g 3163 | 2991
8 “fi e — 28 | 31.74
o [“TOTGINE 3421 | 30.38
10 27 3129 | 3671 [~ 3708 | 3403
11 ~ an 343 }:’ 324, S784 | 3797
12l ) 28! 48' | 1o | 3664
2o 4 8l 20es | oes | 397 & 692
BT TATES T Coaal I b 1] teartN| Lo s
T s 42 3937 | 3852 | 3813 | 37.15
16 45 3856 | 39.10 | 3745 | 3876
17 48 3862 | 3840 | 3704 | 3897
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of cultivation(Figure 4.33). The numerical results are presehted in Table 4.37

Table 4.37 Ratio of protein produced at any time to maximum protein

obtained in mixed culture in medium M13, M14, M15, M16. "

Z
o
a
o]
c
-

M15 M16

Qg g/g g/g

1 0. 8, | (Lo o.s 0.13
2 : \‘ﬂt\ . 028 0.23
3 j 5 |, 0.29 0.26
4 ‘ ‘% 31 0.29
5 0.31
6 0.45 0.43
7 0.70 0.63
8 0.69 0.69
9 0.65
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The average dr\ﬂ«eights ‘of biomass at the 39@ hour of cultivation were
higher with hi (25 g/l). The high
values varied ﬁMﬁﬁ;ﬂﬂﬂiWﬂm j:d Table 4.38). The
statistical analyses were calculated’and presentad in Table 440. These values
of averaewr\}/ahaﬂin% upmdf] %WH Iq:ae&latlon of dry
cassava ahd molasses. The difference of the high values, 8.77 g/l, 8.42 g/I, 8.75

g/l, 8.89 g/l in medium M4, M8, M12 and M16 recpectively is not significant or
they are equal at level 0.05.



Y

oON & O O O

Concentration, g/l

Fig. 34.

g

-

. N

N
z\se to dry cassava

3:4 111
5.56

! 7.33
— h_fs 7.54
| o ~B7s 8.89

" RS wet

& ST
O[T $aptes] 7] P 218e]
9 Treatment 15 © 96.10 6.41

Blocks 2 0.43 0.21
Error 30 0.80 0.27
Total 47 97.33 -
F- value = 239.3 D.F. 15,30
F- table = 2.01 239.3 > 2.01

4.3.2 Ratio of dry weight to dry cassava

80

o%ass at the 39th hour
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Ratio of dry weight of biomass to -dry cassava at the 39th hour .of
cultivation were higher for the medium which had lower concentration of dry
cassava (10 g/l and 15 g/l). The high values varied between 0.438 and 0.457,
see figure 4.34 and Table 4.40. The statistical analyses were calculated and

presented in, Table 4.41. These average dry weight of biomass depends on

the concentration of dry cas \ sses. The difference of the high

tively is not significant or they
e —
e ——

50 .
40 |
30 |
20 -
10 |

Concentratfon, g/l

T o2
2= =

—10ghd S ‘57 y i) | —25 gl —
st f UEANEN SN ™
CQRIANN I NWWQWEI']éJEI
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Table 4.40  Ratio of dry weight to dry cassava at the 39th hour of cultivation

Dry cassava Ratio of molasses to dry cassava
g/l 1:4 1:2 34 14
10 - 40.1 45.9 485 ' 45.7
15 353 | - 438 402
20 : . : 325 31.0
25 . '3 "~ 30.1 30.4
Table 4.41  Anova Tab f dty weight to dry cassava at the 39th
hour of cultivati | gﬂi \
= j:‘ 1
Source : A0 sS 1+ Ms
BESC '
1
Treatment Uyt —= ) 117.54
Blocks sza - 6.97
Error - % .16
Total - a7
F- valua 54, ; A w15, a
F- table = ‘2 .01 54 36 > 2.01

ﬂﬁﬂ’&‘l’lﬂﬂﬁﬂﬂ’]ﬂ‘i
ammnim w’nwma El
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4.3.3 Protein percent of dry weight

The values of protein content of biomass dry weight at the 39th hour of
cultivation were higher for medium which had lower concentration of dry
cassava in medium (10 g/l). The high values varied between 47.6% and 48.8
%, see figure 4.36 and Table 4.42. The statistical analyses were calculated and
presented in Table 4.43. These \\ dry weight of biomass depends on
the concentration of dry e ‘&&va and The difference of the high
values in medium M9, Mm:ﬁ/”&.)ec

ZI8S

not significant or they are

equal at level 0.05.

50 .
40 |
30 |
20 |
10 |
0 |mm,

Protein %

Fig. 4.36 Protein comtent of dry weight, at the 39th hour of the cultivation.

AUEINININEINT

Table 4.42 % Protein content %f dry weight at the 39th hoﬂ of cultivation
! fia)

c
ry cassava aatio of molasses to J‘ry cassava

gl 1:4 1:2 34 1:1

10 0 38.9 47.6 47.3 48.8
15  31.8 38.8 414 40.7
20 38.7 .~ 41.2 41.3 41.6
25 35.4 38.5 39.1 38.4
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Table 4.43 Anova table of protein content of d. weight at 39 h. of cultivation

Source DF 88 MS

Treatment 15 699.22 46.61
Blocks 2 1.29 0.65
Error “ 1. 1117 3.71
Total 81167/ /2 ; 811.67 B
F- value = LZEZ;_ .*-_25, 30

F- table =201~ ¥ 99579 01

égdeg at 0.8% ~1.1% (w/v). The

i éfe figure 4.37 and Table 4.44.
The statistical analyses were aa-ié’ulat nd presented inTable 4.45. These

average dry weight of blom*a's‘b_‘depér}xy: the concentration of dry cassava
and molasses. The dlffereneo-'é‘f.:the,fﬁ}mlu

es between 3.10 g/l and 3.54 g/l
in medium M4 M'IT'&MO anc

Sy

nificant at level 0. 05

T L |

kS 3 J o4

& 2.8

.S 2

®. 1.8

b= 1 i

§ 0.5 ;

ol ML RRED ARAE S ey
q > ' 2 & - 2 <3 5

I-—-—10 g/l——l 18 g/l—l

—20 gl— =285 g/l—l

‘Starch in medium

Fig. 4.37 Total protein of dry weight at the 39th hour of the cultivation.
Table 4.44 Total protein at 39 hour of fermentation



Dry cassava Ratio of molasses to dry cassava
g/l 1:4 1:2 3:4 1
s 1.63 2.42 2.51 2.71
15 2.96
20 3.16
25 3.54

Table 4.45  Anova Ta e hour of fermentation

Source ',//E MS
Treatment ‘r’ m 0.82
Blocks ' < j" A3+ 0.81
Error ‘ . 0.07
Total g

o

Datf1 Mlgj ’a) I] &Jupjlr;wenﬂii 4 were normalised and .

prese ﬁ gluvose

concer}a ﬁﬂda \ﬁ ‘E] imﬁﬁ’l’]eﬁzjﬁ nEte glucose

concentratlon at any time and its initial value. It canbe observed from the

experimental results as follows :

| (i) Glucose formation is high for cultivation time from 12 to 18 hour.
(ii) When the initial glucose is high but not exceeding 4.32 g/,

glucose formation is also high upto 8-9 g/l. For initial glucose concentration

exceeding 4.32 g/l, E. fibuligera appears to consume the sugar than the

starch.

85



(iii) Maximum glucose formation, appears to be at 15 hour, therefore
it is the best time to introduce C. utilis. This is the time that glucose

consumptioh by E. fibuiigera alone.

# | Initial glucose g/l
7 1
6| e 1
:.’ 5 | i 8
s 44
= 3| i V1 38
ol AL 5.
11X
-0

\\ oncentratlcn

*\\ ose formation using starch

\ "'; 'I:’
m.ﬂﬂ

Fig. 4.38 Effect of initial jgl
in mediurh 10 g/l J,Q:;,a"

Initial glucose o/l

—=— 1.08

S 4

(D‘ 3

= : " \ — 2.16
2 & 4 1 | o

—o—2.70

Ny

Cultivation time, hour

N.G.C. : Normalised glucose concentration

Fig. 4.39 Effect of initial glucose content on glucose formation using starch
in medium 15 g/l
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N.G .C. : Normalizsed glucose concentration
Fig. 4.41 Effect of initial starch content on glucose concentration in

biomass product using starch in medium 25 g/l

4..3.6 Effect of initial sugar concentration on protein production
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Data obtained form the experiment 3.3.4 were normalised and

present in figure 4.42, 4.43, 4.44, 4.45. The normalised protein

concentration (N.P.C.) is calculated as the difference between the protein :

concentration at any time and its initial value. It canbe observed from the

experimental results as follows :

production rate is highei raachin g 24 ~at e t.32h proveded that the

initial glucose is also

3.5 _ Initial glucose g/l
3 ] —a 0.54
(®)]
r. 2.5 |
- 2 <y . 0,89
u. e
m- - &
ey — e 108
Tk
0.5 | —o— 1.35
0

| - ’
mltivation time, hour

61 S AVNS I Fer

Fig. 4.42 Effed of initial sugar on protein productlon usin arch in

"R RIANN I IR WEﬂﬂ e
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i 00
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Fig. 4.44 Effect of initial sugar on protein production using starch in

medium 20 g/l
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4.4 The cultivation on 60 litre tank

4.41

The study on cultivation for SCP production was performed with

medium M1 which has the lowest concentration of starch in medium. This

. experiment was performed in orde nfirm that the results. which was

obtained in flask of 250 ml, ' also in the larger scale.

Table 4.46 The SCPR

—_
t """m medium M1

Z
o
I
(o}
c
-

Starch
g/l
6.99
6.55
8.77
434
4.12
3.48
3.26
2.59
250
1.78
- 39 g 05 | @8
ULV [ AL o s
0.32 1.22
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The broth in the large tank was agitated at 140 rpm which gave Reynold
number (Re) of 25,130 and air flow rate of 8 I/min. The results are presented in
figure 4.38 and Table 4.46. The comparison of the results presented in Table
4.47. The results were not significantly different. This means that the mixed

culture of C. utilis and E. fibuligera can carried out under the condition as

described in the experiment method.

3y,

7
=8
U;l | E—— '*
B ‘ — z )
s a —=— Bijomass
& 3 | .
Q 0 Protein
R
11 Glucose
0 o0 F FFT srgl™ )
Starch
. —
Fig. 4.46 The SCP production ity 60 ity ank using medium M1.

Flask

0.044
Maximum glucose accurhulation rate g/l.h 0.427 0.520
Maximum glucose consumption rate g/l.h 0.353 0.290
Maximum starch consumption rate g/l.h 0.164 -
Ratio of dry weight to cassava 0.416 0.422
Protein percent of dry weight % 39.18 38.86
Total of dry weight of biomass g/l 4.16 4.22
Total of protein of biomass g/l 1.63 1.64
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442 E . ey ltivati 801 litre taiik sl i M16

Table 4.48 The SCP production on 60 litter tank using medium M16

No. hour Biomass Protein Glucose Starch
g/l g/l all g/l
1 0 5.50 17.81
2 3 5.71 16.93
3 5 5.85 16.32
4 9 6.30 13.70
8 7.95 13.10
6 5&58 10.38
7 | 8.05 8.87
8 7.32 5.85
9 4.57 4.87
10 23 | 2.77 3.61
11 30 T3:03 =26k 2.22 2.97
12 33 |12 | 285 36 256
13 ; 1.84
14 . 131 1.43
15 42 42 | 375 |, 119 1.31
16 - 1.14
7508 1.1 §3.|67 | | l 1.11; 1.15
' 0 = —
%Euaauimlﬁlmf; iﬂ:lgdnlﬂ a@ i!formed with

medium M16 which has the highest concentration of starch in medium. This
experiment was performed in order to confirm that the results which was
obtained in flask of 250 ml, could be obtained also in the larger scale. The
broth in the large tank was agitated at 140 rpm which gave Reynold number

(Re) of 25,130 and air flow rate of 8 I/min. The results are presented in figure
4.39 and Table 4.48.
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20"
B —=—— Biomass
. 15 |
-% ——0o—— Protein
£ 10 | )
3 ——+— Glucose
£ :
8 6
—o—— Starch
0%
3
Fig. 4.47 sing medium M16.

The comparison o ’ : v ve cultivation on 60 litre tank
7 at the maximum glucose
accumumlation rate of 't ____ 0 , Was higher than G3x adc. of
flask. On the other han y ‘.-:'_Hf-"' cose consumption rate of the big

tank, 0.401 g/l, was lower rﬁ\@ ' —of flask, 0.42 g/l. These results
' . better than the growth

on big tank. Therefore, the m rate of culture on flask,

0.1 g/l, was higher tﬂn the Prax. tﬂk 0.073 g/l. The
results of the growth &f sulture, total pgotein and total dry weight of biomass

were 3.44 grifand 1 790" 1Y Aebdebivaly Y §td 3 Ebin) obtained using targe

tank is lower than flask by 0.1 g/l“r This dn‘ference is not tocajlgmflcant in view

of pr ults w not
obserﬂﬁls |mﬂﬁe§p‘mlxeﬁm o‘ﬂ;ﬁq ngEis e b

be carried out under the condition specified in the experimental method. The
comparison of the results presented in Table 4.49. This means that the mixed

culture of C. utilis and E. fibuligera can carried out under the condition as

described in the experiment method.
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Table 4.49 Comparison of the cultivation on tank and flask of 250 ml in

medium M16.
Tank flask
Maximum protein formation rate g/l.h 0.073 0.100
Maximum glucose accu ulat rdte 5 0.303 0.280
Maximum glucose.consump ioh ré ‘ 0.401 0.420
Maximum starch.consumpti e g/i.i 0.555 -

Ratio of dry weig ’/fﬂ&
Protein percefit o ‘, e / mn\\\\\\‘ - 30.25 38.37
Total of dry weigi of bl /@f‘i\k\\\ 1170 | 9.25
Total of prot llﬂ#l\\\\ : 3.56

0.488 0.370

4-4.3 l' II" 1V
M18

As a result ] ~—_=-'—F~—~:=~—=-—;:7;———_—.:‘ ent, medium M17 and
M18 were used as ;..L tank. The agitation speed

and flow rate were he same as in the last eXperiment. The results are

”'“e"t“""?fﬁm%ﬁﬁ’ﬁ'%fﬂﬁﬂ‘i -
ARIANTANNINYIAE



25

Concentration, g/l

—=s=—— Bjomass

——o— Protein

Glucose

—_—— Starch

Fig. 48 The S ng medium M17.
Table 450 The SCP ‘ . dium M17
No. hour i sﬁaég" ein |\ Glucose | Starch
<4 {;i;‘! / g/l g/l

1 0 78% - 0.79 3.67 24.85

2 3 Eg8: - - 0 3.86 2454
3 6 |iBEs 487 | "22.70
4 @ 5 21.76
5 | 17.40
6 16.64
. 18¢ 933 | @85 67 14.50
8 5 % 6190 9.98
9 24 10.58 293, | 399 ¢ 734
AERIINEDN IR HRE

911 30 11.55 3.85 1.23 3.28
12 33 11.47 4.02 1.10 334
13 36 12.25 4.65 0.82 2.22
14 39 12.67 4.56 0.75 2.15
15 42 13.51 4.84 0.80 2.18
16 45 13.35 4.79 0.77 2.14
17 48 13.52 4.82 0.75 2.15
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—=—— Biomass

——o— Proteéin

—— Glucose

Concentration, g/l

—— Starch

Fig. 49 sing medium M18.

Table 451 The SC 60 medium M18
- 2228
No. héur ion i:'_ Protei {\Glucose | Starch g/l
gl \ g/l

1 0 6.971/7|4 10.65 5.55 25.34
2 3 {133 - 5.76 23.70
3 6 /BB | 6.25 23.23
4 3| se7 [ 6 19.29

5 4 | 949 5 18.94
6 15/ : 25 _LT];JQ 15.87
7 186 1095 | @273 | 953 14.74
8 m m 10.34
9 ] 11.38 346_ | 451 8.25
A AR AN A B
q1 30 12.08 3.73 2.34 4.99
12 33 12.79 4.49 2.12 4.52
13 36 13.35 4.39 1.82 3.99
14 39 14.87 451 1.75 3.54
15 42 | 1372 4.76 1.80 13.99
16 45 14.54 4.72 1.77 2.56
17 48 14.63 4.65 1.75 3.45
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Comparision of the characteristic rates in medium M17 and M18 is
shown in Table 4.52. The maximum glucose accumumlation rate of medium
M17 (0.556 g/l.h) was higher than Gmax.ace. of medium M18. The maximum
glﬁcose consumption rate of medium M17 (0.576 g/l.h) was dlso higher than

Gmax.cons. ©f medium M18 (0.426 g/l.h). The starch consumption rates were

similar being 0.787 g/l.h and 0.760 g/l.h respectively.

\ ixed culture in medium M17
was better than the grow' 3 more, the maximum protein

formation rate in M17 (01124 ¢ : t the Pmpax. in M18 (0.073

g/l.h). As the results of Otein and total dry weight

of biomass was 4.56 g tal protein of culture in

.' - - \ x
M17 was higher than tota profte 18\ : W1.84 %). This difference

17 M18

glucosé &ecumulation rété
Maximufr ’ ;g G ns la"‘ rate 'g' J
Maximumstarch consumption rate g/l.h. 0.787 ajy 0.760

i § ’] Els,sz 425

Pratein percent of dry weight % ; 35.99 30.33

Total of dry weight of biomass g/l 12.67 14.87

Total of protein of biomass g/l 4.56 451
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The results are presented in figure 4.42 and Table 4.54. The comparison
of rates between the cultivation on 60 litre tank tank using medium M17 and’

M19 is presented in Table 4.53.

2
These results showg " mixed culture in medium M17

and medium M19 wa gflolntl . Therefore, the suitable

medium for SCP prod
0.8 % ~ 1.1 % and co

The concentration o

whlch had molasses about
3.5 % of working volume.

r than 3.5% in this case

because the air comp imum air flow rate only

about 10 l/min'for cohti

Table 4.53 Comparisé ‘ ) on 60 litre tank using medium M17

and medium M19

M19

0.137

0.600

e J 0.486
Max:mum‘g,tarch consumptiah rate g/l.h o 0.787 0.775
Ratio o/ dry aﬂtﬂ ?ﬁl N i] 362 387
Protein percent of dry weight % 35.99 33.77
Total of dry weight of biomass g/l 12.67 13.56
Total of protein of biomass g/l 4.56 4.65




Concentration, g/l

100

Biomass

Protein

.Glucose

— o Starch

g medium M19

No. hour Glucose Starch
g.l g/l

1. 0 1.84 24.25
2 3 2.04 24.14
3 5 3.11 22.20
4 20.97
5 17.90
6 16.14
7 14.24
8 ﬂ ”%I 2 9.88
o ¥ 2 10.94 254 5.28 8.14
N E ”m 8 3.9¢ 48
911 30 - 11.95 3.15 1.95 3.18
12 33 12.17 3.79 1.84 3.54
13 36 13.55 4.25 0.92 2.12
14 39 13.56 4.65 1.15 1.95
15 42 12.61 4.74 0.84 2.18
16 45 13.45 4.66 0.67 1.84
17 48° 13.51 4.71 0.85 1.65
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