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ABSTRACT

Protein content of the cellulosic wastes, such as spent grain, hop bark, spent rye, rice
straw, rice hull, saw dust and used newspaper, was increased by a mixed culture of C. utilis
and A. phoenicis. The mixed cultures were carried out aerobically on a semi-solid cellulosic
wastes having 66~75% moisture.

Among the fungal strains tested, 4. phoenicis KUI75 was the most powerful to increase
the protein content of spent grain and hop bark by the mixed culture with C. utilis. Cellulase
activities of A. phoenicis during the mixed culture with C. wtilis in the CMC medium reached
at the peak for one day culture after inoculation of the both strains at the same time,
while it reached at peak from the beginning of the mixed culture, when A. phoenicis was
inoculated for 12~24hours prior to the inoculation of C. ufilis.

To increase the protein content of the cellulosic wastes by the mixed culture of C. utilis
and A. phoenicis, the inoculation of both strains at the same time was more effective than
the preinoculation of A. phoenicis for §~24 hours. Content of crude cellulose in the used
newspaper, saw dust and spent grain was high relatively, and the lignin content of spent
grain, spent rye, and rice straw was reduced more than half by the treatment of 295 NaOH.
However, effect of alkali treatment of increase the protein content of the cellulosic wastes
was not prominent in the case of mixed culture.

Protein content of the cellulosic wastes was increased prominently by the mixed culture
of C. utilis and A. phoenicis in semi-solid substrate, compared with the single culture of C.
utilis, although the latter increased the protein content of cellulosic wastes considerably.

The effect of mixed culture of C. wtilis and A. phoenicis increased 4-fold the protein con~

tent of spent grain, and more than doubled crude protein in hop bark and rice straw.
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Table 1. Selection of strains showing predomi-
nant cellulase production in wheat
bran.

cellulase activity
CMC (mg/ml)
Strain number liquefaction _—
(cm) avic- CMC Salic
elase ase inase
Aspergillus 2 1.1 1.10 1.06 1.29
61 1.1 1.44 3.28 3.48
78 0.85 1.45 1.23 1.51
90 0.85 1.05 1.23 1.75
91 0.6 1.13 1.16 1.83
105 1.05 1.10 1.16 1.29
131 1.0 1.17 1.17 1.28
Penicillium 11 1.1 2,79 2,22 2.84
31 1.1 1.29 3.8 3.39
58 1.15 1.09 2.42 1.27
76 1.0 2.07 1.80 3.27
99 1.0 1.31 1.42 1.49
124 0.9 2.31 2.41 2.72
137 1.0 0.90 1.48 1.65
138 1.1 1.17 1.17 3.51
139 1.2 1.17 1.40 2.00
167 1.1 1.70 1.17 2.00
168 1.3 1.31 2.31 2.43
Trichode- 158 0.95 2.71 3.20 2.55
rma 165 1.15 2.64 2.40 2.26
Unidentified 19 0.9 1.46 1.17 1.73
97 1,15 1.25 1.59 1.27

Tol 7t #FHT Cellulase LREHE BB E

(Table 1). Trichoderma 158, Penicillium 11 1= 9 o
‘Table 2. Protein production by various fungi strains in the mixed culture with C. wutilis
using the semi-solid cellulosic waste.
Unit : 93
Duration of Spent grain Hop bark
Straij culture
ram (ans) 0 1 2 3 0 1 2 3
A. flavus KU 153-1022 8.0 22.0 25.5 27.1 14.0 29,2 30.0 30.0
A. phoenicis KU 175 8.0 28.5 34.0 35.7 14.0 26.3 32.5 32.0
A. niger NRRL 337 8.0 21.5 28.0 28.0 14.0 25.5 30.0 31.0
Trichoderma 158 8.0 27.0 27.0 26.5 14.0 26.3 31.0 31.0
T. viride QM 9414 8.0 23.0 31.3 31.0 14.0 25.5 34.0 31.5
Penicillium 11 8.0 22.0 29.4 27.8 14.0 22.0 29. 4 29.2
3

Control 8.0 17.0

22,0 22.1 14.0 22.0 26.5 27.
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Fig 1. Protein production by various fungal

strains in the mixed culture with C. utilis
using semi-solid spent grain (A) and hop
bark (B). (A—A A. phoenicis, O—0
Trichoderma viride, Il—M Penicillium,

@—@control)
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Table 3. Effect of moisture content in the medi-

um on the biomass yield in the semi-
solid mixed culture of C. wtilis and A.
phoenicis for 3 days in spent grain

moisture Protein Cell number
content(%) content(%) (%10%/2)
(substrate: water)

50 (1:1) 21.0 3.0

66 (1:2) 27.3 3.7

75 (1:3) 34.5 3.6

91 (1:10) 27.3 7.2
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Protein content of spent grain by semi-
solid mixed culture of C. wtilis and A.
phoenicis

unit: %

Duration Single Preinoculation period of A. P

of culture culture koenicis in mixed culture

(days) of C. (hours.)

utilis 0 6 21 18 24

0 8.0 8.0 8.0 8.0 8.0 8.0
1 15.5 22.4 15,5 22,0 27.5 25.5
2 21.5 33.5 26.0 24.0 30.5 28.0
3 20.5 3.0 30.0 29.5 24.0 926.0
4 24.0 32.5 36.5 29.5 24.0 926.0
5 20.5 33.0 27.0 26.0 27.0 29.0
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FiZ 2. Increase in protein content of spent grain
by semi-solid mixed culture of C. utilis
and A. phoenicis. Number in the figure
indicates the preinoculation period(hours)
of A. phoenicis in the mixed culture. co-
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Fig 3. Biomass yield by mixed culture of C. utilis

and A. phoenicis in CMC liquid media.
Both strains are inoculated at the same
time (A). C. wutilis is inoculated 12 hours
(B) or 24 hours (C) .later after inocula-
tion of A. phoenicis
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Fig 4. Cellulase activites produced bey A. phoenicis
during the mixed cultur with C. utilis in
CMC liquid medium. Both strains are ino-
culated at the same time (A). C. utilis is
inoculated 12 hours (B) or 24 . hours (C)
later after inoculation of A. phoenicis.
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Higel g 9 cellulasefftke] #LE ME
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Table 5. Chemical composition of cellulosic wastes
Unit: ¢,
Alcohol Warm water
. . . Crude Crude A
material Moisture Protein Lignin Ash Benzene  Soluble
fat Cellulose exract substiate
Spent grain 6.2 8.0 1.2 51.6 17.3 3.5 6.8 5.4
Hop bark 10.9 14.0 0.4 26.7 26.3 4.0 9.2 8.5
Rice hull 8.1 3.5 0.3 42.8 25.4 11.2 2.4 6.3
Rice straw 10.0 6.5 0.8 35.8 17.9 9.6 10.8 8.6
Saw dust 11.2 3.5 0.4 51.1 26.7 0.7 3.8 2.6
Spent rye 9.1 18.0 0.3 32.8 20.0 4.9 9.5 5.4
Used newspaper 7.5 0.7 0.1 60. 6 20.3 3.0 1.5 6.3
o] kol 953 wmsldch. el C utilis Table 6. Lignin content of cellulosic wastes
. . treated with NaOH.
o #Eel TA wle) 24850 Wil A. phoenicis rested W o
It %
E B HHEA A= A, phoenicise] A zol umt e
53 Zrbgr welo] C. wtilise] QAL A% material Non-treated NaOH-treated
A S oot Spent grain 17.3 7.3
gt= avicelase, CMCase, ¥ salicinase = Hop bark 26.3 16.0
cellulasefBih:-& o FF9 FErEEET Ul A Rice hull 25.4 18.4
T % 1H el peake] walg o mRAE Rice straw 17.9 9.0
o oAl 1285fH = 24 Fiol A. phoenmicis  Saw dust 26.7 21.7
. . Spent . .2
& B WRED deiAs wakEd 4z P00 zg g 1; .
. sed newspaper . .
Sl A7} C. utilis®] Ao o) peake] ey

Table 7.

Protein production from the cellulosic wastes trearted with 2% NaOH by semi-solid

mixed culture of C. wutilis and A. Phoenicis

unit: protein content (%)

Duration of NaOH treated Untreated
culture(day)
substrates 0 1 2 3 0 1 2 3

Spent grain 6.3 15 25.1 23.9 8.0 22.4 34.0 28.9
Hop bark 12.5 18 20.3 23.1 14.0 22.6 29.6 30.1
Rice hull 1.6 2.7 7.0 3.6 3.5 3.8 3.9 5.5
Rice straw 4.6 4.5 5.0 5.0 6.5 12.5 12.8 18.2
Saw dust 3.8 4.0 4.7 6.3 3.5 4.8 6.25 5.5
Spirit waste 7.8 8.2 10.9 14.8 18.0 22,1 25.7 27.3
used newspaper 0.6 0.8 2.3 2.3 0.7 2.2 2.9 2.7
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Table 8. Fungal protein production by semi-solid mixed culture of C. utilis and A. phoenicis

in various cellulosic wastes

g
o{n pasa rﬁ' r]o

unit: %
\ Duration of Single culture of C. wtilis Mixed culutur of C. wtilis and
. culture(day) A. phonicis
Substrh 0 1 2 3 0 1 2 3
Spent grain 8.0  17.1  22.0  22.1 8.0 224  384.0 28.9
Hop bark 14.0 20.3 26.5 27.3 14.0 22.6 20.6 30.1
Rice hull 3.5 3.8 4.4 5.2 3.5 3.8 5.9 5.5
Rice straw 6.5 11.0 11.7 11.7 6.5 12.5 12.8 13.2
Saw dust 3.5 4.5 5.9 5.5 3.5 4.3 6.25 5.5
Spent rye 18.0 18.7 24.6 13.4 18.0 22.1 5.7 27.3
used newspaper 0.7 2.0 2.3 2.3 0.7 2.2 2.9 2.7
Table 9. Growth of C. utilis by semi-solid mixed culture with A. phoenicis in various

cellulosic wastes.
unit: cell number(<10%/g)

\ Duration of Single culture of C. utilis mixed culture of C. utilis
culture(days) and A. phoenicis

substrate ~ 0 1 2 3 0 1 2 3

Spent grain 1.2X10"* 4.5 3.3 7.2 1.2x10"* 4.2 3.6 9.0
Hop bark 1.2¥10°% 2.7 4.5 10.8 1.2Xx10°¢ 4.5 4,2 4.8
Rice hull 1.2X10°* - 1.8 3.0 4.8 1.2X107 1.2 3.0 3.0
Rice straw 1.2X107* 6.9 . 9.6 1.7 1.2x107* 2.4 11.2 7.2
Saw duts 1.2x10°* 0.1 1.2 1.3 1.2x10"* 1.2 1.6 1.5
spent rye 1.2X107* 0.15 10.2 9.0 1.2X10°* 0.8 5.1 3.9
used newspaper 1.2X107* 0.06 0.6 0.96 1.2X10"%  0.24 0.72 0.72

g A ol E AEKAAE ARe) C. wtilis . A. phoeniciss) Pl Wbk

AR AA GAEAEYER] AFA of o3t Apqlay, S=uh, FAH, g4, W,
4] HHEZ) AEgd Aoz A" b AT ool s BHERE L o 2 e 9

7, MERZRFN 2 BEEE EWE EoEe AR 2 Mg Emns T-
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Table 10. Chemical composition of fermented cellulosic wastes by the mixed culture of
C. utilis and A. phoenicis.
unit:
Single (S) crude crude Alcohol Warm-water
Materials or Mixed(M) Protein Cellulose Lignin Fat Benzene  Soluble
culture Extract Substrate
Spent grain S 22.1 28.6 25.1 0.3 3.2 11.0
M 28.9 3.9 32.8 0.3 4.3 20,1
Hop bark S 27.3 10.5 36.9 0.6 2.4 12.8
M 30.1 2.6 38.8 0.7 3.8 15.6
Rice hull S 5.2 35.7 27.6 0.6 2.4 9.2
M 5.5 34.6 29.6 0.1 2.4 8.5
Rice straw S 11.7 31.1 18.5 0.2 2.3 16.6
M 13.2 26.5 23.7 0.4 2.2 14.4
Saw dust S 5.4 47.2 29.0 0.2 1.6 4.7
M 5.4 49.1 26.9 0.2 2.1 4.4
Spent rye S 23.4 26.2 29.1 0.6 4.7 11.0
M 27.3 4.15 23.4 0.4 1.6 18.8
able 8 ¥ Table 99 Z+7z} FRslgch BEREY A A By Cowtilis 9 A phoenicis
R At FAE "Helglew A4 9 w3y ERGor 3A ZgAa = gl
gu, 1R, £, FA% S AR ¢ th o F 444 499 90 gue s
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e HEez 2ok sty 1 28 (RFd lelAE 12% AE) 207 = 9y
C. utilis 3L A. phoenicis ARl C. wtilis oo, wjoka o] wa] Apel o] 9ol A 44, &
BRI sl €538 s 53 A g Gl s 2, 283 ER e = 1.5
B2, FPNE AT DU FH) wle Fologoh 56 save wys 4y
27 Fostgledl, A AfelE Coutilis A ool A Bz Jddee dngles 4os
E el A oF 2.5 bk SAASG R EE AlAdeel Coatilis A, phoenicise) = tha)
i kol A = 4] Tl Fobebgdeh WEd 4 5= o @ olE iz & 4 glrle FEea e o
vrel A #FE fad P dez 47 A Heidh waly o) E WAy Als ;
oF 2 b SobERlE, FAM, B 9 Held o gast WA gno
S AT o Lo bw Foberee Fo2 Gt 3R FAd Ang

Table 1004 2ZE& vl 3o
Dhoenicis®] Z gefcko g

o

J A, SR, &
ek 5 vE 5o A g 22 FsE
Hhedel o] 58 24 4 FE Aidow =z
Al FFEetgleh. mE Tl ko r ghald wal
shieh Bl 3 Fo] Addq 249 Fux
At o Zobatgin, vk g FAd 5o
NlA & 24 e FE okt Bobshel o

w E

b EEeh St R WA S A fa)
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