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Effects of Cellulolytic Microbes Inoculation During Deep
Stacking of Spent Mushroom Substrates on Cellulolytic Enzyme

Activity and Nutrients Utilization by Sheep

Y. I. Kim, S. H. Jung, S. Y. Yang, J. W Huh and W. S. Kwak
Animal Science, School of Life Resource and Environmental Sciences College of Natural Sciences,
Konkuk University, Danwol-dong 322, Chung-Ju, Chung-Buk, 380-701, Korea

ABSTRACT

This study was conducted to determine effects of cellulolytic microbes inoculation to sawdust-based spent
mushroom substrate (SMS) during deepstacking on fermentation parameters, total microbial counts and
cellulolytic enzyme activity and to on SMS nutrients utilization by sheep. For sheep metabolism trials, six
sheep (ram, average 54.8 kg) were fed a Control diet (70% concentrates, 15% rice straw and 15% SMS
with no microbial treatment on a dry basis) and a Treatment diet (the same diet including SMS with a
microbial treatment) for 2 trials. Spent mushroom substrates with or without a microbial (4 strains including
1 strain of Enterobacter ludwigii, 1 strain of Bacillus cereus and 2 strains of Bacillus subtillis) treatment
(1% of SMS on wet basis) were deepstacked for 7 days. The internal temperatures in 1.2 M/T of SMS
deepstacks reached to 50+5°C within 7 days of storage. Total microbial counts remarkably decreased
(P<0.05) with a deepstacking process and were not affected (P>0.05) by the microbial treatment. For
fibrolytic enzyme activity, CMCase and xylanase activities were decreased (P<0.05) by a deepstacking
process. After deepstacking, the microbial treatment showed about 2.5-times higher (P<0.05) for CMCase
activity and about 4-times higher (P<0.05) for xylanase activity than those of the Control. Activities of
ligninolytic enzymes such as laccase and MnP were not affected by the microbial treatment. The sheep fed
the microbially treated SMS diet had a tendency of greater total tract digestibilities of ash (P=0.051), NFE
(P=0.071), hemicellulose (P=0.087) and NDF (P=0.096) than those fed the untreated SMS diet. Nitrogen
balance of sheep was not affected (P>0.05) by feeding of microbially treated SMS. Accordingly, these
results indicate that cellulolytic microbes inoculation during deepstacking of SMS may improve the bio-
utilization of SMS by sheep.

(Key words : Spent mushroom substrates, Spent mushroom compost, Microbial treatment, Digestibility,
Feed)
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Table 1. Chemical compositions of feedstuffs fed to sheep”

Deepstacked SMS?

Item Concentrates Rice straw —
Control Probiotics
................................. O/ eeccencenicniiniciniciiiianias
Dry matter 87.0 85.9 36.8 358
Organic matter 93.1 89.0 93.8 94.5
Ether extract 3.3 0.8 1.6 14
Crude protein 14.2 74 8.8 8.7
True protein/CP 84.4 86.3 66.0 69.6
NPN/CP 15.6 13.7 34.0 304
ADF-CP/CP 15.6 54.2 45.6 46.6
Neutral detergent fiber 28.0 79.7 80.7 81.9
Acid detergent fiber 13.0 51.2 66.2 67.8
Hemicellulose 15.0 28.4 14.4 14.1
Crude fiber 15.8 415 56.7 55.9
Nitrogen free extracts 59.9 39.3 26.6 285
Crude ash 6.9 11.0 6.2 55

Y On a dry matter basis.
2 Deepstacked with or without probiotics.
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Table 2. Ingredient and chemical composi-
tions of diets fed to sheep”

Item Control Probiotics
Ingredient composition(%)
Concentrates mix 70.0 70.0
Rice straw 15.0 15.0
SMS(Wlthout probiotic 15.0 -
treatment)?
SMS(with problotlc - 15.0
treatment)®
Chemical composition (%)
Dry matter 72.1 71.5
Organic matter 92.6 92.7
Crude protein 12.4 12.3
Ether extract 2.7 2.6
Neutral detergent fiber 436 43.8
Acid detergent fiber 26.7 27.0
Hemicelluose 16.9 16.8
Crude fiber 25.8 25.7
Nitrogen free extracts 51.8 52.1
Crude ash 74 7.3

Y On a dry matter basis.

2 Spent mushroom substrates deepstacked without pro-
biotic treatment.

9 Spent  mushroom substrates deepstacked with pro-
biotic treatment.
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Fig. 1. Change in stack temperature of spent mushroom substrates deepstacked with or
without probiotic treatment.
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Table 3. pH, total microbial count and enzyme activity of spent mushroom substrates
deepstacked with or without probiotic treatment”
Control Probiotic treatment
Item Deep_ SE Deep_ SE
Raw stacked Raw stacked
pH 44 3.9 0.1° 45 4.0 0.1°
Total microbial count” 8.1 53 03" 8.0 56 0.2°
Cellulolytic enzymes
CMCase (unit/ml) 1,271.1 409.0 29.7% 1,182.8 1,045.5 60.6™
Xylanase (unit/ml) 2,014.4 523.6 68.8° 1,722.7 2,0115 87.2"
Lignolytic enzymes
Laccase (unit/min) 5.6 0.4 0.2° 5.2 0.5 0.2°
MnP (1074unit/sec) 2,299.0 59 131.0° 2,336.0 0.1 159.0°
Y Means of 6 observations.
2 logio cfu/g : Colony-forming unit per gram of wet samples.
? Raw differs from deepstacked for Control (P<0.05).
Y Raw differs from deepstacked for probiotic treatment (P<0.05).
© Deepstacked Control differs from deepstacked probiotic treatment (P<0.05).
Hol| w} FoFor 7A3HTHP<0.05). o T} (P<0.05). EAWE & xylanase =S 37
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Table 4. Apparent nutrient digestibility and digestible nutrient intake of the different diets fed

to sheep”?
Item Control Probiotics SE P valug®
..................... Ofy wererenrnrnrananaanns

Apparent digestibility
Ash 19.19 22.02 1.20 0.051
Nitrogen free extracts 76.10 77.44 0.65 0.071
Hemicellulose 63.90 66.86 154 0.087
Neutral detergent fiber 48.10 50.55 131 0.096
Organic matter 67.60 68.86 0.85 0.175
Dry matter 63.92 65.27 0.98 0.204
Acid detergent fiber 38.15 40.28 1.61 0.221
Ether extract 88.43 89.42 0.83 0.268
Crude fiber 49.31 50.89 1.39 0.284
Crude protein 65.45 65.80 114 0.764

.................. Q/50ays «ereeesneneeeianens

Digestible nutrient intake
Nitrogen free extracts 1,679.5 1,708.9 133 0.054
Ash 60.1 69.0 4.0 0.061
Neutral detergent fiber 893.8 939.4 23.9 0.089
Hemicellulose 459.0 430.1 114 0.096
Organic matter 2,661.4 2,710.9 334 0.172
Acid detergent fiber 434.9 459.2 18.1 0.211
Dry matter 2,716.5 2,773.7 419 0.205
Crude fiber 539.3 556.4 15.6 0.301
Ether extract 99.6 100.6 1.0 0.313
Crude protein 343.1 345.0 6.0 0.768

Y On a dry matter basis.
2 Means of 6 observations.
% P value from a studentized-t test.

(P<0.05) w2 77} lignin o= &4 2]
FIFS TA gv oz FaFArh

dge] dd e P AT AIN(Table
o

hZ277F 9 376.7%,

ZT7F 366.7 2= AT Zpol7b fldth
(P>0.05). HHAAZE Xtz F AL &
3 A ZolzE 1Yk (P>005). Erdman
(1988)3} Mertens (1997)> A2} W WFE=A|7RS
Atz YPAte] s wEThal skglemn,
2 5 (2003) AA diete] 10% oA AR}
L7 & BASs 39 WA A2l 7t
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Table 5. Nitrogen balance of sheep fed the different diets”

Item Control Probiotics SE
Intake (g/d) 16.78 16.78 0.01
Excretion (g/d)

Fecal 5.80 5.74 0.19

Urinary 8.97 9.17 0.59

Total 14.77 14.90 0.56
Absorption (g/d) 10.98 11.04 0.19
Retention

g/d 2.01 1.87 0.56

% intake 11.97 11.17 3.32

% absorbed 18.46 16.88 5.18

Y Least square means of 6 observations.
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