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Abstract

In order to develop the processes for the production of fermented feed from cellulosic agricultural
by-product, cereal straw, by th action of cellulolytic fungus, the properties of the cellulolytic enzyme
produced by Trichoderma sp. KI 7-2 was studied. A higher enzyme activity was obtained in the cultu-
re added by 1 % rice or barley straw powder than in the culture of pure cellulose. The crude enzyme
was prepared by precipitating from 20~609% saturated ammonium sulphate of the culture supernatant.
The optimum conditions for the enzyme reaction were temperature of of 50°C and pH 4.2. The crude
enzyme was stable at 50°C for two hours and at pH between 4 and 6.

These properties were adopted for the fermented feed production, and several production. Thus, several
processes of semisolid culture were devicced to up grade the fermented feed and to develop into the

acceptable quality.
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Cellulose powder: Cellulose SF 11 (Whatman)

Bacto~Cellulose (Difco)
Pulp powder: AZ 2] Kraft pulp & ball mill &
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Carboxy methyl cellulose (Sigma)
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Table 1. Composition of the Basal Medium for
Cellulase Production in Submerged Culture
and Semi-Solid Culture (Koji).

A. Submerged Culture,

Substance Gram per liter
KH,PO, 2.0
(NH4)5S04 1.4
NH,CONH, 0.3
MgSO4 . 7H20 0. 3
CaCl; - 2H50 0.2
Peptone 0.1
MnSO, - H,0 1.56x1073
FeSO; - TH0 5.0x1073
ZnClp 1.67X10
CoCl, 2.00x 10
Distilled water 1 liter

pH 5.0 before autoclave

B. Semi-Solid Culture,

1kg of wheat bran were mixed with 27 of tap
water in wood case and autoclaved under 121°C,
for 154 min.
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Table 2. Effect of Different Substrates on the

Production of Cellulase by T'richoderma
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Carbon sources in the  F.P.-Cellulase activity
medium *(unit/ml)
Cellulose CF11 0.18
Bacto—cellulose 0.77
Carboxymethylcellulose 1. 62
Pulp powder 0.74
Barley straw powder (rice straw)
1. hammer milled powder
(24~40 mesh) 1.22

2. NaOH 39, 121°C, 30min.

Cooked, washed out, 0.31
3. NaOH 3%, 121°C, 30 min.

Cooked and neutralized. 2.44
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Table 3. Cellulolytic Activity Recovery in the

Precipitates by (NHj)2SO,.

Conc. of *Total #+F. P, Cellulase
(NH4)2S0, for weight of Activity
fractionation  precipitation Specific Total
(%) (mg) (unit/mg) (unit)
10 49 0.03 1. 49
20 27 0.41 10.97
40 40 3.02 120. 60
60 40 0.52 20.70
70 45 0.00 0.00

*Total weight of precipitation was measured as
pure protein.

**F, P. Cellulase activity; 1unit 1mg of glucose
produced 1 hr. reaction.
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Fig.1. Effect of Temperature on the Activity of
Crude Cellulase(pH 4.2, one hour reaction).
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Fig.2. Thermal Stability of Crude Cellulase vs
Treating Time at pH 4. 2.
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Fig.3.: Effect of pH on the Activity of Crude
Cellulase (50°C, one hour reaction).
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Fig. 4. Effect of pH on the Stability of Crude
Cellulase (after 40 hour at 20°C).
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Table 4. Cellulolytic Activities of Semi-Solid Culture Grown Trichoderma sp. on the Mixture of Wheat
Bran and Rice Straw to Different Ration.

) Cellulolytic activities
Rice straw/Wheat bran Cx-cellulase F.P. —cellulase Growth

(unit) (unit) Tow

Untreated 75 / 25 0.10 + 1
50 50 0.28 + 2

25 75 0.06 + 3

Ca(OH), 75 25 3.33 0.96 + 1
0.25% 50 50 2.83 0.80 + 2
washed 25 75 3.47 1.38 + 3
Ca(OH). 75 25 2.80 1.83 + 2
0.25% 50 50 3.04 1.68 + 3
neut’zd 25 75 2.58 0.73 + 4

0 100 2.51 0.50 + 5

Enzyme unit mg of D-glucose produced/hr/g of seed dry basis culture condition 26°C, 3 days.

Table 5. Effect of Thermal & Alkaline Treatment of Rice Straw on the Susceptibility to Cellulase.

Condition for heat and alkaline treatment

Total soluble after enzymet (%)

Control 28.69(100)
0.25% Ca(OH), 10°C 3hr 30.16(105. 12)
0.25% Ca(OH); 30°C 3hr 29. 54(102. 96)
0.259% Ca(OH)2 100°C 1 hr+30°C 2 hr 34.19(119.17)
100°C 1hr — 33.85(117. 85)*
0. 25% Ca(OH)2 121°C 1 hr+30°C 2hr 35. 68(124. 36)
” 121°C 30 min+30°C 2.5 hr 37.11(120. 35)**
" 121°C 15min+30°C 3hr 34.94(121.78)
" 121°C 15 min+30°C 1hr 36.42(126. 94)

121°C 15 min
121°C 15 min

0.25% Ca(OH),

35.15(122. 52)
34.11(118. 89)

NaOH 1% 30°C 6 hr

35.67(124. 33)

” 15 hr 36.72(128.00)

" 22 hr 37. 56(130. 92)
NaOH 29% 30°C 6hr 35.63(124)

" 15 hr 39. 38(137. 26)

” 22 hr 42.18(147.02)
NaCH 3% 30°C 6hr 42.80(149. 18)

” 15hr - -

" 22 hr 42.18(147.02)

Cellulase used: Onozuka SS-1500

Reaction condition:at 50°C pH 5.0 acetate buffer for 72 hr

Enzyme/Substrate=5/10 (w/w)
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Procedure
Lrocedure

75.00 kg rice straw

0.19 Ca(OH),

Cutting (4~6 cm)

Milling
!

75.00 H,O
0. 21 HsPO4

Alkali dipping (100°C, 1 hr.)

37.50 H,O
20.00 wheat bran

Neut’zn (pH 5.5)

0.40 (NH,)4S0,
0. 20 minerals

Nutrients addition

Steaming (121°C, 15 min)

3.75 wheat bran——SeIed (26°C)

1. 25 rice straw culture (3 days)

Inoculation

<

Fermentation (26°C)
post _,Feit’n. (45°C)
P-1 P-11

Feeding

Fig. 5. Production Procedures Materials Balance of Fermented Rice Straw (Process I and II).

Materials

75.00 kg rice straw-

Procedures

Cutting (4~6cm)

0.19 Ca(OH),

Milling (4~6 mm)

Alkali dipbing Steaming (121°C, 30 min)

75.00 H:0O
0. 35 HsPO,

37.50 Hz0

Neutral’zn (pH 5. 0)

6. 25 rice straw !

1 Seed (26°C)
18.75 wheat bran

culture (3days)

)——Inoculation (45°C)

!
Ferjnentation (45°C, 2days)

| |
Iixerobic Alfaerobic
P-III  P-IV

B
Feeding

Fig. 6. Production Procedures & Materials Balance of Fermented Rice Straw (Process III and IV).



Table 6. Changes in Reducing Sugar, Cellulolytic Activities and Volatile Fatty Acids by Storage or

2 nd Fermentation Conditions (Process II).

- - - | Cellulolytic
) Conditions ’ Reducing sugar . ‘ activity (cm) \ pH
Period (day) ‘
Temp. state 2 5 9 15 Q 2 5 9 0 5 9
4°C Closed 0.45 0.66 0.73 1.06 1.0 3.0 3.0 3.1 3.0 6.0 6.0 6.0
Open 0.77 0.64 0.84 0.92 3.1 2.9 2.8 6.0 6.0
10°C Closed 0.59 0.58 0.97 — 2,99 3.0 2.9 6.0 6.0
20°C Clesed 0.65 0.80 1.02 — 3.1 2.9 — 5.5 5.0
Open 0.65 0.62 2.00 * 3.1 3.0 * 6.0 *
30°C Closed .5 1.7 1.9 2.2 2.1 3.0 2.8 50 4.0
45°C Closed 2.0 3.0 4.3 4.8 3.4 2.6 2.6 5.0 4.6
R Straw/ W Bran=3/1, 26°C, 2days contmued
Conditions ‘ pH l Volatlle fatty acisd
Temp. Period  (day) l 0 5 9 |[Totals  F* A* p* B*
4°C Closed 6.0 6.0 6.0 0.14 1.2 96.8 0.6 1.4
20°C Closed 5.5 5.0 0.54 — 100 — —
Open 6.0 * 0.29 22.9 76.2 0.23 0.55
30°C Closed 5.0 4.0 0.73 0.5 95.7 - 3.8
45°C Closed 5.0 4.6 0.5 0.2 98.8 — 1.0

*1

*F : Formic acic,
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