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Optimization of the acidification condition in anaerobic fermentation of food waste and cow manure based on

response surface methodology
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ence and Technology, Heilongjiang Bayi Agricultural University, Daqing 163411, China; 2.Daqing Agricultural Technology Promotion Cen-
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Abstract: The objective of the study was to create appropriate conditions for waste recycling anaerobic fermentation. Therefore, the optimi-
zation of acidification conditions during the mixed anaerobic fermentation of food waste and cow manure was conducted using response sur-
face methodology. Single factor experiments showed the optimal stirring frequency, stirring rate, acidification concentration, acidification
time, and acidification temperature were 3 times+d™' (2 min«time™), 50 r*min™', 12%, 8 h, and 35 °C, respectively. Based on this, the fer-
mentation process in acidification conditions was optimized. The effect of the three factors, acidification temperature, acid concentration,
and acidification time on the fermentation process was studied using methane production rate as the response value. The results of the Box—

Behnken design and response surface methodology showed the optimum fermentation was at 7.6 h, acidification time; 10.4%, acidification
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concentration; and 35.8 °C, acidification temperature. The optimal stirring frequency and speed were 3 times - d™ (2 min - time™) and 50

r-min”', respectively. After the optimal acidification treatment, the methane production rate of the mixed raw material can reach 290.5 mL-

¢ VS, which is 17.9% higher than that of the raw material without the acidification treatment. Optimization of acidification conditions of

the acidification phase in anaerobic fermentation of cow manure and kitchen waste can improve methane production rate, methane content,

and volatile solid removal rate.

Keywords : food waste; cow manure; anaerobic fermentation; response surface; acidification condition
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Table 1 The characteristics of food waste and dairy manure

TiH ltems  TS/% VS/% Cl% N/% C/IN

WIFEI 242404  91.3x0.1 34803 2.420.1 14.520.7
L 223+0.2  70.4+0.4 49.6+0.1 1.5x0.1 33.1x1.1

RARIE 22.9+0.6  81.2+0.3 45.7+0.3 1.6+0.3 28.2+0.3

TE - B N S R AR v 22, B G035 A D I oA T A iy, A Ry
SR AL

Note: Data is average + standard deviation. The carbon and nitrogen
content was measured by drying samples, and the other samples were

measured by fresh samples.
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Figure 2 Fermentation apparatus
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Table 2 Code and level for testing factors of response

surface experiments

IR I ZE K Level
-1 0 1

% Factor

o RILIRE Acidification temperature/°C 25 35 45
v Acidification concentration/% 8 12 14
x;FRALET ] Acidification time/h 4 8 12

1.5 B AN R B A& BRI

SR PR 0L 1T 3 AT v AR AL R e R AR A B A5 1, 4
TR kR A1 R A B v ik 1 T AR R AL A5 1
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SR 30 d, I 7 AR e B o R R
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H SR T HE K 0 5 77 i, SR FH GA2000 i 465
KBRS HTL(Geotech 23 ] ) I 5 F e o o
1.7 St
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Figure 3 Effect of (A)stirring frequency, (B)stirring rate, (C) acidification temperature, (D )acidification concentration and (E)

acidification time on methane yield of mixed materials of food waste and manure
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Table 3 Central composite design and results of experimental of
methane production rate of anaerobic co—digestion of food waste

and manure under acidification conditions

e 7= 2%

Methane production

Yty LR

Wz IF1a]

No. Temperature/°C Concentration/%  Time/h rate/mlL-g” VS
1 35 14 12 179
2 35 8 4 231
3 25 14 8 201
4 45 8 8 241
5 25 12 12 235
6 35 12 8 284
7 35 12 8 285
8 35 8 12 228
9 45 12 4 252
10 25 8 8 235
11 45 12 12 238
12 35 12 8 285
13 35 12 8 286
14 45 14 8 203
15 25 12 4 245
16 35 14 4 198
17 35 12 8 287

PLTH P o AT LA Y BRAGHR L (x0) (RAE R JEE () TR
AR (23) 34N R R 577 e (V) RIS 2 . 3

x4 BULEREFIUIRMGERSERERBETRIERNEPFTESTER

Table 4 Variance analysis results of regression model of methane production of methane production rate of anaerobic co—digestion of food

waste and manure under acidification conditions

T 2EAUR kSRl F Lk S5y FiE PfH 2
Variance source Square sum Degree of freedom  Average of variance F value P value Significant level
Model 19 052.24 9 2116916 792.428 3 <0.001 ok
X1 40.5 1 40.5 15.160 43 0.0059 *
X 2964.5 1 2964.5 1 109.706 <0.001 o
X3 264.5 1 264.5 99.0107 <0.001 o
xX1x2 4 1 4 1.497 326 0.260 7
X1%3 4 1 4 1.497 326 0.260 7
XX 64 1 64 23.957 22 0.001 8 *
X1 1071.168 1 1071.168 400.972 1 <0.001 ok
x 10 296.01 1 10 296.01 3854.122 <0.001 ok
X3 3058.116 1 3058.116 1 144.749 <0.001 ok
Bk 2% Residual 18.7 7 2.671 429
FAUIT Lack of fit 13.5 3 4.5 3.461 538 0.1308
4R Pure error 5.2 4 1.3
& B 2% Summation 19070.94 16

T B2 (P<0.05) 5 #4125 (P<0.001) .

Note : *significant( P<0.05) ; **highly significant(P<0.001).
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Figure 4 Y=f(35,x,,x3) Response of factor interaction
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Figure 5 Y=f(x1,12,x:) Response of factor interaction
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Figure 6 Y=f(x1,x2,8)Response of factor interaction
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A 2R A R AR L TR BR AL AL 2R AP A 2 AT S Y
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FH A KRS & B 2 6% AT IRA L. @il
Fb 5 28 Fi AR R T 2% 12 A L A T KL R 4R T M o TR AL
B R T R RO | e B AH IR A R B 1 7= %
F o 7 38 B o 2 i R VS 22 i 58 LL B A R 48 1 AT 42
B IR T 9.4% . 17.9% . 7.1% F123.6% (£ 5) .

RS MERERABERHAREABREIZSHILR
Table 5 Comparison of main parameters of anaerobic
co—digestion of food waste and manure between

with acidification and CK

ez 3%
e R TR mpan vsxmk
KT Methane
Treatments Gas rate/ production/ Methane VS removal
o] . [ ate/0]
mL-g"' VS mLeg! VS content/%  rate/%
S L o
PIRIRRREE g6 290.5 75 68
Acidification
AR ARECK 3516 246.3 70 55
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