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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, A. phoenicis KU175 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. wufilis.

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 6~24 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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REFRS BEEELRY d29s Zxot o Table 1. Selection of strains showing predomi-
2] CMC= o A 3k CMCHz3 (yeast extract 0.3 ;1::; cellulase production in wheat
%, malt extract 0.3%, CMC 1%, pepton S—
0-5%, pH 6.0) == BEHfEES) e oMC C(erlrll‘él/arf}?)a‘?“"ity

of EEfEel FRUREES B4 oAt e Strain number liquefaction
U EET A A4 A neg € e CMC falic
@‘6—@-04 5 Coﬂ /ﬂ il s FEbEE Aspergillus 2 1.1 1.10 1.06 1.29
= 250ml e gAEehaze) HH 10g% F 61 1.1 1.44 3.28 3.48
20~30mi 5 ﬂﬂr]—o% 121°C, 1571 Shell A 1545, 78 0.85 1.45 1.23 1.51
PR TR EREPE SR e Bt 90 0.85 1.05 1.23 1.75
30°Cell A 3~5 A 2 gl Fal gl e, o1 0.6 1.13 1.16 1.83

5, HHEES A% 105 1.05 1.10 1.16 1.29

WHskEEEA A = 24 610nme] A9 R 131 1.0 1.17 1.17 1.28
= i—?j/}‘?“j g;;%zili}il:’ﬁljgf}\fj} E‘% Penicillium 11 1.1 2.79 2.22 2.84
E]EEZ;“:,;;EO}T A= R‘:)binTsoc;l-Hogde{:l biur}ét met- i L1 129586 5,50

e 58 1.15 1.09 2.42 1.27

hodsf g8 44 EuE 48 ERIL2, 76 1.0 2.07 1.80 3.27
PFEE Eol W, siAgte] Haemocytometer 99 1.0 131 1.42 1.49
= ARA ze BE FAskel A sg 124 0.9 2.31 2,41 2.72
137 1.0 0.90 1.48 1.65

"R H ER 138 1.1 1.17 1.17 38.51

I SERE(CE 4% FE 2 & 139 1.2 1.17 1.40 2.00
AT A ol A 47 g BF o 7 e Aspergillus, 167 1.1 1.70 1.17 2.00
Trichoderma, Penicillium % <F 2000 k] 168 1.3 1.31 2.31 2.43
KBS fEste] Czapekiiibo] R Eelgich Trichode- 158 0.95 2.71 3.20 2.55

ol & Htke& CMCa sy o 2 Carboxymethyl rma 165 1.15 2.64 2.40 2.26
~Cellf11ase%§ EAbehel —Rpy.L 2 200 itk Unidentified 19 0.9 1.46 1.17 1.73
EoEe 2 e @R KB 97 1.15 1.25 1.59 1.27
TFE5-2 wheat bran avicellase, salicinase,

CMCaseEiAES WEst] RIS stget  Fol 7t EFS Cellulase LREHKE BikE
(Table 1). Trichoderma 158, Pewnicillium 11 A= Aok
‘Table 2. Protein production by various fungi strains in the mixed culture with C. wtilis
using the semi-solid cellulosic waste.
Unit : ¢
Duration of Spent grain Hop bark

Strain %g;t;sr)e 0 1 5 5 5 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

Control 8.0 17.0 22.0 22.1 14.0 22.0 26.5 27.3
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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. ufilis and A.
phoenicis for 3 days in spent gram
moisture Protein Cell number
content(%) content(%) (x10%2)
(substrate: water)
50 (1:1) 21.0 3.0
66 (1:2) 27.3 5.7
75 (1:3) 34.5 3.6
91 (1:10) 27.3 7.2
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Table 4. Protein content of spent grain by semi-
solid mixed culture of C. utilis and A.
phoenicis

» unit: %

Duration Single Preinoculation period of A. p

of culture culture #hoenicis 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 31.0 30.0 29.5 24.0 26.0
4 24.0 32.5 36.5 29.5 24.0 26.0
5 20.5 33.0 27.0 26.0 27.0 29.0




Protein content

KOR. JOUR. MICROBIOL.

oh.
30
L

1

D

|
i 2 3 4 5
Duration of culture (day)

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-
ntrol: single culture

0.0

0.3
0.2r

ol o

"l

C.3f

0.2r

0.t

!
o N A~

t
o M a0

0.3r
0.2r
o.lr

L)
O N A o

| 2 3 4 5
Guraiion of Cultule (doy)

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. utilis is inoculated 12 hours
(B) or 24 hours (C) .later after inocula-
tion of A. phoenicis

[Vol. 19, No.1,

vh A phoenicisete] EAHEAA = o5 BR
7b A ek e kel Lol A B el
A mA (6,12,18, 24 [HERD) iR & BfEsH
F ARYE W EKRE Hrl gfEste Ao
o} Aol givh. Fig. 2014 28 AAE HEF
g gl Abalute] b A ghekol i of
ol wla 4] 7k

Z7heh4 ok
{0.D0)

0.5
O.lai'-
03
O.Z:m
R/ '

4
0

—s Avicelcse

0.5 '\ B &— CMCase

N e--+ Salicinase |

1 2 3
Duration of Culture (day)

Fig 4. Cellulase activites produced bey A. phoenicis
during the mixed cultur with C. wtilis 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.



March, 1981]

utilis®] BiEIEEA E <& 2.54 7} #Einslel o
5. BAatEEH A0 Me| Cellulases
AEA A e 2P ZEY Hsst
Cellulasei®ii:at olwd AzdA 7F AE=7HE ¥hd]
A CMCygkssssbel oA BERis 22
g C. utilis Q) A, phoenicis®) BEEEFN 8

Lee at al. Protein production from cellulosic wastes 19

Bise] 4Bz U cellulaseffthe] #(Le T
&to] Fig. 3 @ Fig. 4¢] Ztz+ mAtgich B
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Table 5.  Chemical composition of cellulosic wastes
Unit: %
Crude Crude o Alcohol Warm water
material Moisture Protein fat Cellulose Lignin Ash E;Faz;ne gt?tl)l;the
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 i1.2 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 HEo)l 58 Wpnsld . v C. utilis Table 6. Lignin content of cellulosic wastes
.. .. treated with NaOH.
o) gEfEel &A1 ol 24B5R wiel A. phoenicis reate o
.. unit:
5 BEY BREAAE A phoeniciss] 2§ o] 2
PE3] Zo43 W] C. wtilise] QAo A5 material Non-treated NaOH-treated
A5 ¢t Spent grain 17.3 7.3
33 avicelase, CMCase, 2@ salicinase = Hop bark 26.3 16.0
cellulaseffif: 2 o FFo FERFEERE YolA  Rice hull 25.4 18.4
= H53% 18 740 peake] Zalg ot mmAE Rice straw 17.9 9.0
off <A 12FFRE == 24F:[E] Rl A. phoenicis Saw dust 26.7 21.7
_ . Spent . .
T BEY MREC e BeREY 42 T 20-9 -2
o Used newspaper 20.3 19.5

] A7)Ql C. utilise] $fEA o] o|v] peake] =

Table 7.

Protein production from the cellulosic wastes trearted with 29 NaOH by semi-solid

mixed culture of C. utilis 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 13.2
Saw dust 3.8 4.0 4.7 6.3 3.5 4.3 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 2.8 2.3 0.7 2.2 2.9 2.7
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sx glEe 15 AL acigch steleh(Table 6). 53] Ade, %2, F45
6 BRO| BADE W HAE AR Fo] QoA B2y Gakel BaFol u A
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sto] Table 5ol Fimslg ol T4 g BIERBEE  phoenicis®] &3] oFo] o8 A fx Yo

Bl 2t s FFe 26.7%2 FA ARF ZHEY B9 gl deiAr 27 A
A b AQeh 9 gRe FAY, 52 dd 99 4SESE A AT S s
W Fol wmA Fe Wolgx, fadd ¥R BEMEES BAHGES 973 WMEE Wi
& BAT AREEY A2} AAR 17~26% 4 9T, WAKEG 0T BAES AENRE
w9 2de $9ehz Aot ol 5e NaOH 974, ¥, 745 Sefa s v ssigent,
A2 A FHe Adene B9 ga xzw, 499, %3 S dlAE o3d W

Table 8. Fungal protein production by semi-solid mixed culture of C. utilis and A. phoenicis
in various cellulosic wastes

unit: %
\ Duration of Single culture of C. utilis Mixed culutur of C. utilis and
~ culture(day) A. phonicis
Subs’crate\ 0 1 2 3 0 1 2 3
Spent grain 8.0 17.1 22.0 22.1 8.0 22.4 34.0 28.9
Hop bark 14.0 20.3 26.5 27.3 14.0 22.6 29.6 30.1
Rice hull 3.5 3.8 4.4 5.2 3.5 3.8 3.9 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 1.2X107* 4.2 3.6 9.0
Hop bark 1.2x5107* 2.7 4.5 10.8 1.2x10°* 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 11.7 1.2x107* 2.4 11.2 7.2
Saw duts 1.2X10"* 0.1 1.2 1.3 1.2X107* 1.2 1.6 1.5
spent rye 1.2X10"* 0.15 10.2 9.0  1.2x107* 0.8 5.1 3.9
used newspaper 1.2X107* 0.06 0.6 0.96 1.2X107*  0.24 0.72 0.72
N2 e el o]l = AEBAAE A2 C. utilis = A. phoenicis] #:[E4 B oE%E
HAZ} AA G2 AL ED] A HAAHA o &g Ay, =9, FAE, A4, BE,

ih, dlA S o bR BHESEE I o 2 -8
B EAES AR 2 Al gmneg T-
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"Table 10. Chemical composition of fermented cellulosic wastes by the mixed culture of
C. utilis and A. phoenicis.
unit: 95
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 18.2 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 20.1 0.6 4.7 11.0
M 27.3 4.15 23.4 0.4 1.6 18.8
able § @ Table 9o 77z FHiRslgch. EEEY A4 v A geks C. owutilis 2 A, phoenicis
R AAdAE FF FAFE Held o A o A Eu Yo A A2 = 99y
g, R, Bz, FA% o delAE ¢ th o5 A$x AA4Ae wd pEe ~u
Fageh ol % 4fa AALY B0 GBS Bl 10% Weal FeolA 30% W2 A
BrEme o= 2o st edl 2 582 (HAd QA= 12% AE) A2 = g
C. utilis 2 A. phoenicis E&EE] C. utilis o, sk va] Aqlute] Qloj A 4], &=
253 s 53 A w g g s o, 283 FRuke 4= 15

BREEA A8

H i = [}

A Frrskg e, Ardute] Ao = C. atilis
Sl ool = oF 2,54 JheF Fobetglz &3
ool A 4l S FAsge 93 2 s
e w9d gFe gy P ges A
oo A% Foladz, 744, B 94
5o A7 o Lo shak Fobelgel

Table 100 A H&= v}e} o] C. utilis 51 A.
phoenicis®] EgwlFoz Aqul, FAE, 3
zat 3 9 Y 99d FFge 24 Fohe
wee] o] E8 2Adf4 FHS AdAHdez =
Al Zrastyer. =3 2wioko s Jula #a
ohiet fad @ Fo A8 BAS Fax
Pubd o2 Frhetgm, $=u 9 FPuk Sof
QolA e 24w g kgt Zrhalgl o

B =
A, mEa 249 3 94 5 A fad

W 7bEE Sohstgleh 53] sEye Bas) Ay
A Gok A EAZ H e dagE Hha
A zdeld C. utilis 3 A. phoenicise] & Thuj
Fo2 ol% 423} T+ Aotk Avde g
A A webd o5 A4 Ane Sz
Bel Al & Aslsk ThekA Fentd &)
o8 kit Fx35 kAol Atz & A2 F
= Aoz AZ4d
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