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Studies on Improving the nutritive value of Rice straw
by Fermentation with Lyophyllum decastes
— I. Cultural condition of cellulase production and feeding value
under fermentation periods. —
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Young-Soo Kim and Myeong-Sook Kim
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ABSTRACT: For the preparation of fermented feed with Lyophyllum decastes, optimum cultural
conditions for the production of cellulase were 30°C, pH 6.0, 60-70% moisture content and the
cultural of 15 days. Among the submaterial added, 30-40% of rice bran and 0.72% of (NH,),HPO,
were effective for the cellulase production and its production increased when rice straw treated
with 49 alkaline peroxides. Solid state fermentation of rice straw with Lyophyllum decastes for
40 days removed 19.9% of lignin, and increased the total nitrogen content to 1.6% from 1.1%. As
the fermentation proceeded, the in vitro dry matter dlgestlblhty of fermented feed was increased
and it increased 21.1% after 35 days. :

KEYWORDS: Lyophyllum decastes, Cellulase production, Fermentation feed.

HALe St A7k 7879kl £ (EKEE, . 1983 Reid, 1985; Saxena %, 1985 ;
1985) Ag4bE|" F53 AaAdeke dhgsla 9lo] 1983 ; =

MR ol =

=, 1982)3}7]= &l =+ NaOH
83

B HEET g Axsia ¢ ez A & mEEE %9 (Detroy

21} lignin ¥ silica @ako] o} A9 e} 1980 ; Han, 1975 ; Hartley &, 1974 ; Peitersen,
of i whwlA F ofoFA Rl Feko] Y| wFo| 1975; Rao &, 1983 & %, 197TNA#H 43hgo]
4238 9 J]sAde] shol(4, 1983) A zAhae v} dortA 5 AT T Basol e,
HEE slolx] Z3tn ),z F3alge 2A5(1985)% d#e A HAE Lyophyllum
FepabA Feoddtm ofelskx] vl A ARl WA S decastesS ©l-&3lo] BEEEFIRE AzI v}

VAU oS GE fh, 1984) 2422l )
ol g weko] 288 FAZ hFslw 9lek,
A5 AU BT A7)

g 4
T A7 E¥sksbAal Ae
d7H

|
olSlel £ FARALE
5, 1980) kA AAFol AlES ol

Lo
=
L3l mEgRE AZ(Eslyn S, 1975 Reade

N

Lyophyllum decastes®] A4 Falli4 A48 &
o Algdte] ZAE ez WEES THEH o

<2l ATAL FAol ligning 3 AAI}E
(Gould, 1984) FAlste4 AAS 8lRAo] sk
2 et HEE AAHeE ABRIIAE 248l

233 ulelr,

FA8 e Aol ehe] AFHL,



Hong, Kim, Kim, Lee, Kim and Kim: Studies on Improving the nutritive value 129
of Rice straw by Fermentation with Lyophyllum decastes

HE 2L HE

AIBEF

ASdidha Agrhgets darygEs malefA
RESQ Lyophyllum decastess FA|TFRE. ALE-3
A,

Hzlol =g

ol7julell &% ®#l4-% cutting mill® 850 pm37)
2 F4slel 1~12%9 2Na,C0,+3H,0,9 pHE
1152 244 H,0,0 ¥5% 0~12% % =43 &
g 22wzl vk Zhslan AlolA] 24417 A

BOL@LEHE— ﬂ g]§_ '—Br_‘ 'I“/(” O} PeS

)& 2~2.5cme #et Eda, 548, pH Sl
}1{ KBE 0% 5 7Hstel 8 70%,

2 2 & 500m/E »L%ﬁﬁokﬂioﬂ 200g
i 1.2 kg/cmz—‘ll Aol A 3087 AFE S
S vlokd A Fodol AEshed 25T

ol A 2097} wiokslolrt
a9 =
B (5, 198508 SAstA =6
g2 g4dx &M

1) Avicelase ; Berghem 5(1973)2) =bdo] u}
2} 0, 1M sodium acetate buffer(pHS5, 0)o] 23
A17] 1% avicel Hetd 4miZ LE Aol 23}
A Zaol 1mis hsled 40°C IREKRE (120 rpm)
of Al 12087 wbE Al 3 FEHE BTES
dinitro salicylic acid (DNS)® (Miller, 1959)o} u}
2t HfEEstel 249 1mivy $947 B
(ghicose) &l M 15HA 2 sh9ich,

2) CMCase ; Berghem 5 (1973)¢ w=oll whef
0.1M sodium acetate buffer (pH 5, 0)ol €347
1% carboxymethyl cellulose (CMC) €< 2ml°ﬂ
T4 1mlE 7Fete] 40ColA 607 ule-4]7) &
Felsl e BIUFES avicelases} 22 dhoz 24
skl ek,

3} B -Glucosidase ; Nisizawa 5 (1971)2] wh
ol @&} 0,1M sodium acetate buffer (pH 5. 0) ol
EH A2 5mM salicing o} 2mloll E4H 1miE
7heko] 40CeA 607 A7 B FrelEs B
¥ES avicelases} -2 wiyjo® =As)gi}

Ao M

HAel gHa FAAE Association of official
analytical chemists(AOAC)™ (1980) < & neutral

detergent fiber (NDF), acid detergent fiber
(NDF) % lignin® Goering® Van Soest®] w3
(1970), cellulosex Crampton? Maynard®] ub
(1938)2- 7N&k3 Matroneol whdl (1977) 2.5 A aksl
A1 hemicelluloses= NDF2l ADFS] A2 #Aabst
bl

In vitro 238

In vitro dry matter digestibility(IVDMD)+
Tilley®t Terry9] uh4 (1963)-% H2Fak & (1976) <

o 2 AR (Ht 5, 1985)olMef 7ol A4S
T513
BR A %8
US| AS
vjoken 2 20~35°CE 2A3}e] cellulose A4HS

AEY 73_?4“C Fig. 17} Zo] wjekg= 7t F7hgel
Z7tsle)  30°Coll4l  avicelase,
CMCase, B-glucosidasex~ 77 17.11 pM/ml,
10,48 pM/ml2 A9 oI thEo 2= 35Cel A

or3 At Lyophvilum decastes® A5 #A 2w
74 25°C (Bt 5, 1985)0lel Hue} wlamsle] Eul

TS Bagarel AL

wzto vl Phanero-

30
E
ey -
=
3
g
g 20F+
=]
&
Z
e
k3
<
o 10+
1]
]
|
o} L
Q

0 Lt L 1 1

20 25 30 35

Temperature (¢ )
Fig.1. Influence of cultural temperature on the
enzyme production by Lyophyllum decastes.
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Fig.2. Influence of initial pH to the rice straw
media on the enzyme production by Lyophyllum
decastes.
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Fig.3. Influence of moisture content to rice straw
media on the enzyme production by Lyophyllum
decastes.
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Fig.4. Influence of cultural period on the enzyme
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(O) : Avicelase, () : CMCase,
sidase

(8) 1 B -Gluco-



Hong, Kim, Kim, Lee, Kim and Kim: Studies on Improving the nutritive value 131
of Rice straw by Fermentation with Lyophyllum decastes

o} ol Pleurotus 1983) 9]
filter paper +3i¥42 69, B-glucosidaser 10
A7k ket s ol AY Fodd Hae) vlsled &
49} AL %o} Phanerochaete chrysosporium
(&, 1987)9 AlFst 2% 139 wiokA] AY &3k
R yels fabsked ek

Rzl A&

Aol FLAIE 10%4 Hriste] Basel
daks 7% ZAHde Table 134 Zo] Hgo A
7} 2 cellulase A AF-& Adld o2 aAb<£ 5] of
avicelase = £, 9%, 271 % Tl x
CMCase= =74 %, "7 ¢ w7 F£od
g -glucosidasex 5745, w7 Wre Fo= T4
Aol ol Pleuvotus  sajor-caju (2=, 1984)of 41
avicelase®} CMCase 4ol n)7to] thFwbucl &
A oA A ol Ytz WL} Abolr} ¢lgd

EAA4be] F3EAn EA%S v|7S e
A7k A Fig. 59 2ol

sajor-caju(Madan %,

L}

)
vl A7ke] A
avicelase?} B-glucosidaset: ©l|7} #rlako] Z7}

T B4E] dHT Zolste] 509% MHrtelA 2
16.60 uM/m/, 12,46 pM/mi& x| HAi& =
A3 CMCase: 30%°14 24,11 uM/mlE 3.9
Ak ook, A5 A

ok o fu

A

74 avicelaset= 10% A

Zvoll A 13,77 uM/mi, CMCase2t p-glucosidase-

T 20%°1M 727 26,37 uM/ml, 11,13 uM/m/¢]
AARE Bl CMCase: =745 20% 7ot
avicelase®} g-glucosidaset= ©|7 50% 3 7}ollA

Table I. Effect of sub-materials added to rice
straw media on the enzyme production by Lyophyl-
lum decastes.

Cellulase activity (glucose pM/ml)

Materials -
Avicelase CMCase  g-Glucosidase

None 7.45 13. 90 5. 66
Rice bran 12. 40 19. 50 6. 64
Defatted

rape seeds 11.96 19. 00 6.53
Defatted

perilla seeds 12. 86 23. 60 11.17
Wheat bran 12. 23 20. 10 6.08
Starch sludge g oo 14 95 5.28

(sweet potato)

30 -

Cellulase activity (glucose ¢ M/ml)
\
L I3
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Rice bran and defatted perilla
seeds conc, (%)
Fig.5. Effect of the amount of rice bran and defat-
ted perilla seeds added to rice straw media on the
enzyme production by Lyophyllum' decastes.
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Table II. Effect of inorganic salts added to rice straw media on the enzyme production by Lyophyllum

decastes.

Inorganic salt conc. (%)

Cellulase activity (glucose pM/m1)

Avicelase CMCase B-Glucosidase
(NH,),SO, 0.72% 12,57 19. 36 7.14
NaNQO, 0.72% 11.36 19.75 7.55
(NH,) . HPO, 0.72% 14. 90 23.35 10. 14
KH,PO, 1 % 13.86 21.67 8.59
K,HPO, 1 % 13.52 21.25 7.55
MgSO, -7H,0 0.1 % 13. 69 18.53 7.55
CaSO0,-2H,0 0.5 % 14.21 20.72 8.71
CaCo, 1 % 12.02 19. 08 7.45
None - 12.02 18.02 6.90

o] alkaline peroxided2gl® Z7}=loldl 71 8lZ
%9l lignine] 44 AAHL AHfart B35
w] Zoll (Gould, 1984) Lyophyllum decastesoll <] 3
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oll 412 Phanerochaete chrysosporium (&, 1987) o
el Aol A Trichoderma wviride(Peitersen,
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of fApstadch,

uietr|ZtEe] MEwHsle A58
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Table III. Influence of alkaline peroxide treatment of rice straw on the enzyme production by Lyophy.

llum decastes.

Cellulase activity (glucose uM/ml)

Pretreatment Conc. (%) - ,
Avicelase CMCase B-Glucosidase

Control 0 12.52 25,04 7.85
H,O, 1 13.08 26.20 8.24
(pH 11.5 adjusted 2 13.71 30. 65 9.43
with NaOH) 4 15. 53 33.82 11.21
6 14. 65 23.21 9.06

8 12.67 18. 60 7.18

2Na,CO, -3H,0, 12 10. 39 17.12 5.63
1 14.63 29.28 8.47

2 15.28 32. 56 9.33

4 17.04 35.19 10. 32

6 15. 45 33.84 11.92

8 13. 36 25. 56 10. 86

12 - 11.68 24.32 8.28
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Table IV. Changes in chemical composition and IVDMD of rice straw under fermentation periods by

Lyophyllum decastes.

Days  NDF ADF  Hemi-  ~opilose  Lignin  Lotdl Ash IVDMD
cellulose nitrogen
0 76. 08 53.33 22. 85 36. 84 16.97 1.10 12.86 33.94
15 71.16 54. 82 16. 34 36.72 16. 02 1.18 13.66 37.74
20 70. 69 54. 49 16.20 36.70 15. 61 1.32 14.20 44,21
25 68. 80 52.57 16.23 35.25 15.28 1.33 14.29 46.88
30 66. 05 50. 37 15. 68 35. 03 14.91 1.48 14.81 51. 12
35 61.92 46. 56 15.36 34.91 14.58 1.58 15.27 54. 95
40 59. 87 46. 26 15.61 34.16 13.59 1.62 15.59 53.87
cellulaseell o/& FeiE &84 3k»} hemicel- 7 30~40%%+ (NH,),HPO, 0.72%% #7téln
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