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Effects of initial composting conditions on lignocellulosic degradation of
brewer’s spent grains-based bio-organic fertilizer
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ZENG Jing, SONG Hai-xing, ZHANG Yu-ping
( College of Resource and Environment Science; Hunan Agricultural University , Changsha 410128, China)

Abstract: Lignocellulosic is one of the most difficult degradable substances during organic composting process. Enhanc-
ing degradation of lignocellulosic is beneficial to promote the rapid decomposition of compost and improve the quality of
compost. An experiment was conducted to study the effects of original zymolytic condition of brewer’ s spent grains-based
bio-organic fertilizer on degradation of total carbon and lignocellulosic by using the quadratic uniform-precision rotatable
central composite design including four factors and five levels. The results show that the influence of ratios of straw to lees
is important for the degradation of total carbon and hemicellulose, and the influence of water content is important for the
degradation of cellulose and lignin. The best conditions for the degradations are that pH value is 6.63 — 7.02, inocula-
tion fungal biomass is 0.49% - 0.551 % , water content is 65.52% - 66.68 % , and ratios of straw to lees is 41.61% -
44.32% .
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Table 1 Levels and coding of factors

HE [8] JE & KR Design level

Factor Interval -1.68 -1 0 1 1.68
pH {E X, pH value 1 5.318 6 7 8 8.68
A& X, Inoculation fungal biomass (%) 0.2 0.164 0.3 0.5 0.7 0.84
k2 X; Moisture content( % ) 6 54.91 59 65 71 75.1
F&¥8 I X, Ratios of straw to lees (%) 27.55 33 41 49 54.5
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Table 2 Experiment design and the lignocellulosic degradation results

AhpEe 7% Scheme code PR R Degradation rate( % )

Treatment No. X, X, X, X, BaK HER FLHER ARER
Total carbon Cellulose Hemicellulose Lignin
1 1 1 1 1 34.89 45.11 49.15 34.68
2 1 1 -1 -1 30.35 25.84 44.63 25.17
3 1 -1 1 -1 24.24 29.4 37.96 25.36
4 1 -1 -1 1 25.84 27.49 39.53 27.71
5 -1 1 1 -1 25.96 41.23 42.68 28.78
6 -1 1 -1 1 23.03 35.17 45.33 24.54
7 -1 -1 1 1 30.66 36.33 49.38 28.67
8 -1 -1 -1 -1 24.20 34.51 40.5 26.45
9 -1.682 0 0 0 25.64 34.43 47.39 25.42
10 1.682 0 0 0 28.54 34.04 39.23 29.27
11 0 -1.682 0 0 24.52 22.81 36.93 24.19
12 0 1.682 0 0 27.96 30.34 44.24 27.79

13 0 0 -1.682 0 24.93 34.72 37.38 20.8

14 0 0 1.682 0 26.51 41.97 44.52 26.1
15 0 0 0 -1.682 18.58 34.05 40.08 26.82
16 0 0 0 1.682 27.49 44.55 50.59 28.66
17 0 0 0 0 20.02 34.38 43.1 23.32
18 0 0 0 0 22.65 35.45 47.03 26.28
19 0 0 0 0 21.87 36.717 44.94 24.32
20 0 0 0 0 23.73 32.65 41.2 22.67

®3 EBES4MRBET(pHEZEME . SKENFHEL) KEAHEAFTE

Table 3 Regression equation between degradation rates and four code values ( pH value, inoculation fungal biomass,

moisture conent, ratios of straw to lees)

F5 No. B8 #2245 B Mathematical Regression Models
. Vg = 21.8267 + 1.4159X, + 1.3222X, + 1.3163X, + 2.0265X, + 1.8561X;% + 1.5552X,% + 1.3715X,% + 0.4220X,* +
2.2530X;X,-1.1817X,X,; -0.0483X, X, + 2.2530X,X, -1.1817X,X, -0.0483X,X,

) Vamy = 34.8488 -1.4686X, + 2.3639X, + 3.0207X; + 2.2537X,-0.2389X,>-2.94710X,2 + 1.2142X,? + 1.5518X,% +
1.0625%,X, + 1.6625X, X; + 2.7000X; X, + 1.0625%,X, + 1.6625X,X, + 2.7000X,X,

3 Vaesi s = 43.6387-1.4896X, + 1.9561X, + 1.5515X; + 2.5845X, + 0.1426X,2-0.8208X,2 -0.6918X,” + 0.8586X, +
2.2700X; X, —0.4100X,X; -0.6800X, X, + 2.2700X,X, —0.4100X,X, —0.6800X,X,

4 YAmz = 23.9698 + 0.8022X; + 0.8080X, + 1.6499X, + 0.9471X, + 1.3006X,> + 0.8215X,>-0.0765X,> + 1.4402 X,* +

1.0725X,X, + 0.0875X, X, + 1.735X, X, + 1.0725X,X, + 0.0875X,X, + 1.735%,X,
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Table 4 Significant test of difference of partial regression coefficient
BEEE B HER a{sgq:g&% j(.ﬁ;
Dependent source Total carbon Cellulose Hemicellulose Lignin
FE pfE FE pfE FE pfE FE pfE
F value p-value F value p value F value p value F value p value
— W T X 5.1152 0.0536 3.5506 0.0963 3.7178 0.0900 3.6398 0.4734
Linear X, 4.4608 0.0677 9.2000 0.0162 6.4108 0.0351 3.6929 0.5414
X, 4.4214 0.0686 15.0219 0.0047 4.0329 0.0795 15.3999 0.0117
X4 10.4792 0.0119 8.3622 0.0201 11.1913 0.0102 5.0741 0.0777
T X, 9.1635 0.0164 0.0980 0.7623 0.0355 0.8552 9.9738 0.0430
Quadratic X,” 6.4334 0.0349 14.9057 0.0048 1.1767 0.3096 3.9793 0.1309
X,* 5.0031 0.0557 2.5301 0.1504 0.8358 0.3873 0.0345 0.9399
X, 0.4736 0.5108 4.1329 0.0765 1.2875 0.2894 12.2307 0.0298
2 H IR XX 7.5871 0.0249 1.0887 0.3273 5.0574 0.0547 3.8115 0.0810
Crossproduct XX 2.0871 0.1865 2.6655 0.1412 0.1650 0.6953 0.0254 0.7715
XX, 0.0035 0.9544 7.0305 0.0292 0.4538 0.5195 9.9747 0.1272
XX 7.5871 0.0249 1.0887 0.3273 5.0574 0.0547 3.8115 0.0810
XX, 2.0871 0.1865 2.6655 0.1412 0.1650 0.6953 0.0254 0.7715
XX, 0.0035 0.9544 7.0305 0.0292 0.4538 0.5195 9.9747 0.1272
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Fig.1 Single factor effect analysis of total carbon degradation
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Fig.2 Single factor effect analysis of cellulose degradation
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Fig.3 Single factor effect analysis of hemicellulose degradation
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Fig.4 Single factor effect analysis of lignin degradation

B 5 pHE(X,)MEME(X)XBHERNEELY
Fig.5 Interaction effect of pH value and inoculation fungal

biomass on degradation of total carbon
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BIBEETHBFERE 1 4,76 -1.68 — 1.68
METFERAERBEEA, U 0.2 3K, AHHEHT
R 83541 M AL T BT I B, BERIEMER
BT EHMHE 25.58% 7 R ILG 44970 N, HF LR
ERE TP HME 34.56% B R ILAH 39127 4, % 4
BEBEBRE T LYE 43.29% 7 R ILH 40019
MAREBRBRETVLHHE 263525 RESR
45253 N, RAMBESMEBBERRBREGFT, &
R BBk . RRFEETE 95% B 15 X 174 B FHRALE
HR(ERS) . S8R ARRAYE R BRI T R MTE
FE, ERIA T H ER IR BT R R B b R 76
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Fig.6 Interaction effect of pH value and inoculation fungal

biomass on degradation of cellulose
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B7 pHE(X)MEME(X)XEITHEERBUEI(ENLY

Fig.7 Interaction effect of pH value and inoculation fungal

biomass on degradation of hemicellulose

B8 pHE(X,)MEME(X)NAREERNEFELE
Fig.8 Interaction effect of pH value and inoculation fungal
biomass on degradation of lignin

RS AR ARAHEXTEEHBENREILAR
Table 5 Cooperation plan when total carbon and lignocellulosic surpass average

T H Items X, X3 X4
B IA %L Weighted mean 0.0116 -0.0188 0.0971 0.2787
Total carbon FREZ Mean ariance 0.0051 0.0050 0.0050 0.0045
(525.58%) & % B X[E 0.00166 — —0.0286 ~— 0.0872 ~— 0.2698 ~—
95% Confidence interal 0.0215 —0.0091 0.1069 0.2876
Bt ALHE Eb 2 Optimal program 7.00 —7.02 0.49 —0.50 65.52 —65.64 43.16 ~43.30
FpE DM Weighted mean - 0.3566 0.2208 0.2698 0.1807
Cellulose ~ PPEZE Mean ariance 0.0048 0.0038 0.0049 0.0052
(>34.5%) & % B X[E -0.3661 — 0.2134 — 0.2602 ~ 0.1706 ~
95% Confidence interal -0.3471 0.2283 0.27% 0.1908
B ALEL b 73R Optimal program 6.63 —6.65 0.54 —0.55 66.56 ~—66.68 42.36 —42.53
s I Weighted mean -0.3106 0.2065 0.2401 0.4067
Hemicellulose FFHEZ Mean ariance 0.0049 0.0046 0.0044 0.0044
(=43.29%) 9%5% BFXME -0.3203 — 0.1975 — 0.2316 — 0.3981 —
95% Confidence interal —0.3009 0.2155 0.2487 0.4153
B LS th R Optimal program 6.68 —6.70 0.54 —0.54 66.39 ~66.49 44.18 ~44.32
ARE TR Weighted mean -0.0361 -0.0289 0.2241 0.0859
Lignin PR Mean ariance 0.0052 0.0049 0.0043 0.0052
(526.35%) % EfRKXMA -0.0462 — -0.0384 — 0.2156 ~ 0.0757 ~
95% Confidence interal -0.0259 -0.0193 0.2325 0.0961
B LS th R Optimal program 6.95 ~6.97 0.49 ~0.50 66.29 ~66.39 41.61 ~41.77

HKE 65.52% — 66.68% . F5 Mt 41.61% —
44.32%

3 NG

DEARBERGT 4 MEBK R RE,
FREPRESEE, MR 4 MREEE R

D)BRRTEANERENR, —RKIAEHRZE
AENHETF R KR EEBRRORHEET

BEKLIRKBEKE; RBEH4NMEFHEKE
X 4ER R R R, R X BRI
BEREMEBE K, £ -1.68—1.68 HmETEEN,HE
pHERM K  FHR AR REMERTHE, B85,
AR R R RN G 3 K BERS R LA R B K,
BB, AER FHER AREERER
SW/NEHK; B KR KK, BB SR
MNEHRK, GREREFER ARERBREKX;


http://www.fineprint.cn
http://www.fineprint.cn

3M

WL =, S VDR 2 A 4 7 ALURE 0 06 B AR AR 1 X R TR AT A RE AR Y B2 TR 731

BE B Fp B BB K, AP 4E R 2 4 R AR S HE N5 B
5, KRR EBR B/ NEHER,

N4ANMEFRAEXEIEHE L, pH H M EM
B H(X,X,) B K E R (XX,) B 32 5 /E R
BB KRR PALERERERZWMEE; pHE
MR (X,X) EKEMERNE (X,X,) WX EE
R g REREREREE,

4)IRBRACE TR, EARBEG T, B
SEIERR RS LIRS RIF R ARR , B TR
JEEN: pHIE 6.63 —7.02, /& 0.49%—0.55% .
KB 65.52% — 66.68% . F5 W Ltk 41.61% —
44.32%,

& % x

(1] #EAREMERRETR. PEKITHFESE—2007 F[M]. b
W PR, 2008.
National Bureau of Statistics of China. China statistical yearbook—-2007
[M]. Beijing: China Statistics Press, 2008.

[2] Z=W— A, BZx4. BERRARELI]. FHEREER,
2000,20(S9) : 147-149.
LiZY, Zhou D, Hou W H. Studies on the resource recovery tech-
nique of distillers’ grains[J]. Acta Sci. Circums., 2000, 20(S9):
147-149.

[3] %%.59%. REUEESARARBEERNER&FLRERES
HEFRWFEI]. PEERE,2006,162(9): 12-15.
Zeng Y, Yang M. Studies on medium conditions for feed xylanase pro-
duction by brewer’ s grains fermentation and enzyme properties of
xylanase[]] . China Brew., 2006, 162(9): 12-15.

(4] ZER,ZH 00, B-BERRREEhEaRI]. F58
BRFFH (B RPEIR) ,2008,29(1) : 19-21.
Li ZD, Li N, Wei L. Studies on extraction of protein from brewer’s
spent grain by alcohol-alkali method [ J]. J. Qingdao Univ. Sei.
Tech.(Nat. Sci. Ed.), 2008, 29 (1): 19-21.

[5] ER® . 24W. BEPRBABERSFENTRI]. @
T8 ,2007,34(3) : 96-99.
Wang Y J, Wa H L. Study on the extraction of soluble dietary fiber
from brewer’s spent grains[J]. Liquor Mak. , 2007, 34(3): 96-99.

[6] RER,KZHR 22V, %. IAEEEYRRBEFRHNT
B REHTFE[T]. Rk THRFIR,2003,19(4) : 278-281.
Song A D, Zhang J W, Wau Y H et al. Fuel ethanol production by
distiller biomass fermentation [J] . Trans. CSAE, 2003, 19(4): 278
-281.

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

FEAb3 s, AR T, %, REPFERIARR K EYRE
BHRIORII]. FHRFRIBEHEA 5 %,2002,(3): 19-23.
Xi BD, LiuHL, Bai QZ et al. Study on current status of lignin and
cellulose biodegradation in composting process[J] . Tech. Equip. Env-
iron. Poll. Contr., 2002, (3): 19-23.
Pérez J, Mufioz-Dorado J, de la Rubia T et al. Biodegradation and bi-
ological treatments of cellulose, hemicellulose and lignin [J]. Inter.
Microbiol. , 2002, 5: 53-63.
HAHE B BEM, S, ARHESEABRAGRNARE
FRB A =R BTSE(I]. FR3ER 424 ,2005,25 (2) : 232
-237.
Huang D L, Zeng G M, Huang G H et al. Optimum conditions of
solid-state fermentation for white-rot fungi and for Its degrading straw
[J]. Acta Sci. Circums., 2005, 25 (2): 232-237.
Tuomela M, Vikman M, Hatakka A et al . Biodegradation of lignin in
a compost environment[ J] . Bioresou. Tech., 2000, 72: 169-183.
Tengerdy R P, Szakacs G. Bioconversion of lignocellulose in solid
substrate fermentation[ J]. Biochem. Engin. J., 2003, 13: 169 -
179.
B, TEeASHIM]. LR P ERL SR, 2000.
432-437.
Bao S D. Analysis of soil and agrochemicals[ M]. Beijing: China
Agricultural Press, 2000. 432-437.
EEDBRXE. ARGEREGERRBYTFTER .S
BRMARRNERSVTRF[I]. MAEYFER, 1987, 14
(2): 81-84.
Wang Y W, Xu W Y. Quantitative analysis program of hemicellulos-
es, cellulose and lignin on the lignocellulose of solid leavening[ J].
Microbiol ., 1987, 14(2): 81-84.
ERY,REL. RURBPEXRERBRITSTER
[J]. HEHS R, 2000, (10) : 16-20.
Tong C L, Ke X Q. Analysis model of Quadratic Orthogonal rotating
and regressive on agricultural research[J]. Comp. Agric., 2002,
(10): 16-20.
EXR ERE DER,S. Mo 5 NXEENLNE TSP
EEMTEBNEWI]. HYE F 5B £],2007,13(3):
373 -380.
Wang W L, Xue G F, Sun Q B et al. Effects of combined applica-
tion of manganese, nitrogen and potassium on amino acid content of
winter wheat [ J].Plant Nutr. Fert. Sci., 2007, 13(3): 373-380.
HAE AR, AREBLIERARF =S5 A. 4 . BE
EEHE[T]. Y8 55 B ,2003,9(3) : 348-352.
Zhang Y Q, Wu Z L. Study on the effect of N, Zn and Mn combined
application on yield and qualities of Chinese cabbage in calcareous
cinnamon soil [J]. Plant Nutr. Fert. Sci., 2003, 9(3): 348-352.


http://www.fineprint.cn
http://www.fineprint.cn

