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Study on the Enhanced Hydrolysis of Kitchen Grease and Promoted Anaerobic
Digestion Performance by Lipase

CAO Meng, MIAO Hengfeng", ZHAO Mingxing, RUAN Wenquan
(School of Environment and Civil Engineering , Jiangnan University , Wuxi 214122, China)

Abstract: The effect of lipase pretreatment on kitchen grease hydrolysis and its anaerobic digestion
performance were studied with batch experiments. Firstly,the influence of enzyme dosage,ratio of
water to oil,pH and temperature on the kitchen grease hydrolysis were investigated. Then,the
optimized pretreatment condition was determined by response surface analysis. Finally,anaerobic
fermentation of the kitchen wastewater with grease were carried out to analyze the impact of lipase
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pretreatment on the kitche grease digestion. Results showed that the optimized hydrolysis conditions
were determined as enzyme dosage 1.15% ,ratio of water to oil 0.9,pH 8.0, temperature 42.5 C.
Under these conditions,the hydrolysis rate was predicted at 86.6% and the repeated experimental
result was (88.1+2.2)% ,which showed that the response surface model could predict the influence
of four factors on the hydrolysis reaction well. For the results from anaerobic fermentation,the
cumulative methane yield of the enzyme pretreated kitchen wastewater with grease was the highest
with the value of 572.12 mL/g-COD, showed 55.10% and 14.56% increase than the wastewater with
grease group (499.47 mL/g-COD) and the actual kitchen wastewater group (368.86 mL/g-COD)
respectively. This indicated that grease had high methane production potential,and lipase
pretreatment could obviously improve the methanogenesis efficiency. Further investigation
demonstrated that enzyme pretreatment had little effect on pH variation,which showed the
significant increase in volatile fatty acids(VFAs) and dehydrogenase activity during the early stage of
anaerobic digestion. This manifested that pre-hydrolysis could promote substrate supply for the

methane production and improve the methane yield efficiency.
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Fig. 1 Effects of different enzyme dosages,ratios of water to oil,temperatures and pH on the grease hydrolysis
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Fig. 2 3D response surface plots of interactions between
independent variables
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Fig. 3 Daily methane yield and cumulative methane yield

during anaerobic digestion processes

O, N3 HTER R R R R
BERT 112K, f 7 8 9 5 7K 28 AT il 26 oh 3 i 5
LCFAs HYFFTE , P20 1 R B g ™ i B8 41 77 4 Jof P
TKEHL 5 T 8 A T A 0 %o Tk R 18 3k 7 DI gl £
FEHS 11 REE 0™ A e i B, SRR g 7
R RS K AL, TR 18 K I K 4 Y
SR e - B TR R K AL, AR T g4
BB fe 2, =4 BB B 430 O 368.86 .
499.47 .572.12 ml/g- COD ; A b F 57 5 /K 41, 55

JE K AL A0 B 2 58 RR R e A AR T
35.41%F1 55.10% , M I 2H 9 S8 B 7 W Jog 12 0 L 5
MK PE R T 14.56% . 2R W15 HAT AR & Ay ™ HY
Jot vk F1100 I EL RS 107 Tk 19 Ak B % 9 2 K BE 4R i A
P, X5 Adriano®5E A B ST &5 —F
222 pHAAA= VFAs MEHREM T N T iE—
A2 %3 IR R I A 0 i AR R R R T A R T
M, Xt 524 &R Y pH Al VA o vk B AT T
G307, pH BRI RGO R R 7
Bt 1 AE K pH Y Bl — M A 6.5~7.5, 3 A15E5
AR ZR N pH ZRFLIE 0L WL 4(a) RS 1R, =4
pH TER REAI, 302 PR Sk 5 o7 W iy RS 4 v 1 o
YIBOK =4 T KRB VRAs, Wi SEER R R
pH T N B RN A HEAT , 7 e TR A
AVLER KR pH THG T . IRE A EES fR, =4
SEUR AL pH AR Ak R S IEAAE ], I H RN R FE
pH EZAEFFTE 7.1~7.8 4 UFE T IR AL 1Y 1E #2547
PR A Ak B v G v A BIL ST 9 IR SR R
W25 8 VEAs, B2 IR U R rf oA AL K i 1R 1L
(8 740, ) s 7 R Joe T A R TG 4, VFAs Jo
AN N (SR W s | Dl s S ]
HEAEHRPY, VFAs T v B 2ok g 23 400 o 8 R ¢ 1k
et BE52,  4(b) I IE AL VFAs JoT 6 i AR
fEE 3 42860 41 i VFAs BB vk i ¥ 52 B e T s
JEREAR I R %, 5 pH (E 128 Ak Bk 2, X Dk S
TR 7 R A 1 A R AR R e e T 1 AR K
AR, B & B0 8 3647 7 T e TR o A, xR
T VFAs BIHAEE K, IR VS ] VEAs i
WP BN WA 5 K, N4 VFAs i ik
JE A B B = {H 4 486 mg/L, 43 4 i I K 41(3 279
mg/L) Fl 55 3 & 7K 41 (3 109 mg/L) i KAB (4 1.37 4%
Al 1.44 1%, LA, 3 40 VFAs W EAE 0~14 d 2
P 5 1 o MR B (5800 mg/LL) | 1 3 391 1] = 4 P e
H =8 A w (>11.5 ml/g-COD) , ¥t B 7= H Be i 1
PSR R TN VEAs BT it e A — o IE A ¢
15 RZA0, JINEEL ) VFAs J5 2 vk B A i i
T A AL 53X AT RS2 PR Sk 3 A B T 9 AR K
fif , S AT Bl T IR vl 6T B R A A R B
W, RN 17 d 5, SR KA VEAs BT i ik
JEE T TN 2 PR A 2 A B 9l B 1 K A 1R AL
SRR GG, DR BSOS ) VFAs T v 3K
[SLiOEE

LHSEHRAZIL 2018 FE 7 HEE O




RESEARCH ARTICLE

CAO Meng,et al; Study on the Enhanced Hydrolysis of Kitchen Grease and

Promoted Anaerobic Digestion Performance by Lipase

—e— IMPIKA
—— JINAEA

6 7B Y e e e e
02 4 6 8 10121416 182022242628 3032 34
IR fa)/d
(a)
35000 -
éﬂ 2500 —=— RIF KA
£ ‘31 (5)88 —e— ik 4L
= 3000 —x— JINARAL
2 2500
= 2000
15 1500
1000
< 500
= Ob oo v vy
> 02 4 6 8 10121416 182022242628 303234
I [a]/d
(b)
B4 RHEEZRRA pHEM VFA BT
Fig. 4 Variations of pH and VFA during anaerobic

digestion processes
223 BLABEEMWS T REE P ELE
Ji S5 N7 2 R T S e 1 A A S = — L
it , 55 240 L N 10 A R R 1 ) B G AR R MR 1
FH 8 S0l 0 1) AR AR R ARV e i Bk, B S
H = 2] R S PR Y S B T S R AR A R A X
AT BB R A BN R S ) B FR M R % TR
R B S BB A RS K B S ST
UG A0 A VR 5 T 0 75 00 St 07 e R AT, s g ) 44
Jb ST TG T T T v, 3 IR A TR A B A KA,
S35h 2727 .114.3 .189.2 TF pg/(L-h); B IL ] UL,
TSN HT) $ 2 Tt R K 2 ) o S e S 1 B e T g
A, R K 2H 0T PR R AR 3K AT B SR A A il R
B 7 Tl A= W 35 TE 2 BEL A A% J0 o R 3 T 5 il £k 26 )
1, I H LCFAs XJfC2E 9 1 VA — 5 09 40 1 1
FAS BEAb, H T b i 2 il 0 Ak 384 A8 BT A X A3
F I B/INE H AT LCFAs , 1l I8 A0 3% f M 2 i o
Gy ¥ AW I b Rl BRI B SR ) B vk B T

SZH

(AR NTTES &2 QSN W T G R i) A

300
275
250
225
200
175
150
125
100
® 75
= 50
25 [
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34

A I /d

BS5 REGRARSEENHEWL

Fig. 5 Change of dehydrogenase activity during anaerobic

—=— R
—e— ikl
—k— I

J RS 2/ (TF pg(L-h))

digestion processes

|3 2 i

1) WA 5 i 1y T A4 A 2 Jof it g /K figk 52 I 17
ZHHEAT TR, TR R SR ny Al B
BBD #4570 R R =K (9 52 3 i 1, % 52 96 235 2R
A W 1, 18T 43 AP, T2 AR i T x4 J i A ) i
T AR S A R T R 1.15% , Kl H R 0.9,
pH 4 8.0, MR K 42.5 C, /Kt R HMAE N 86.6%,
AT ST K A RN (88.142.2)% , Wi 4453, /W
T2 ) 7 T ASE TR i A e b, I 25 5 Tk i 1 7K AR D

2) IR Mg e T Ak B 2 T I K 1 DR AT A 45 2R
FW e S 20 0 e 4 R g 7 A (572012
ml/g-COD) /&% o & 7K 21 (368.86 ml/g-COD) il %
M % 7K 20 (499.47 mL/g-COD) Y 1.55 fi5 40 1.15 %,
A58 pH YEH57E 7.1~7.8; VFA e B L 806 1 7t
JG TR TR, AETE RTRIA
Fif S 55 2H 1ot S e M A = ik 189.2 TF pg/(L+h), b
Frh K A3 T 65.53% . 1 1 T 0 4k B2 8 5
PR KA AR A RO Z —

[ 1] Z=2WeN. & 5 P K i Ak 2 R 5 3548 Kol fig MO 5098 [D]. K REER A ,2014.
[2]YING M,SANG L,YUAN H,et al. Effect of lipase addition on hydrolysis and biomethane production of Chinese food waste[J].

Bioresource Technology,2015,179:452-459.

[3 ] JEGANATHAN J,NAKHLA G,BASSI A. Hydrolytic pretreatment of oily wastewater by immobilized lipase[J]. Journal of

Hazardous Materials,2007,145(1-2):127-135.

[4 ] CHRIST O, WILDRER P,FAULSTICH M. Mathematical modling of the hydrolysis of anaerobic processes[J]. Water Science

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.9 2018



&R F . N8 EER AR AR AL BT i g IR 3R AU AL

Technology,2000,41(3) :61-65.

[5 1 GAO Ruili, YAN Qun,ZOU Hua,et al. Effects of different pretreatment of waste activated sludge on methane production via
anaerobic digestion[J]. Journal of Food Science and Biotechnology,2009,28(1):107-112.

[6 1] HARRIS P W,MCCABE B K. Review of pre-treatments used in anaerobic digestion and their potential application in high-fat
cattle slaughterhouse wastewater[J]. Applied Energy,2015,155.60-575.

[7]1 CAMMAROTA M C,FREIRE D M G. A review on hydrolytic enzymes in the treatment of wastewater with high oil and grease
content[J]. Bioresource Technology,2006,97(17):2195-2210.

[8 1 MENDES A A,PEREIRA E B,CASTRO H F D. Effect of enzymatic hydrolysis pretreatment of lipids-rich wastewater on the
anaerobic biodigestion[J]. Biochemical Engineering Journal,2006,32(3):185-190.

[9]PALATSIJ,AFFES R,FERNANDEZ B, et al. Influence of adsorption and anaerobic granular sludge characteristics on long chain
fatty acids inhibition process[J]. Water Research,2012,46(16):5268-5278.

[10] LEAL M C M R,FREIRE D M G,CAMMAROTA M C,et al. Effect of enzymatic hydrolysis on anaerobic treatment of dairy
wastewater[J]. Process Biochemistry,2006,41(5):1173-1178.

[11] GB/T 5534-2008 , 3t 9 il i 1 A0 AF A 0 s [S]. b s o 0 ot WA, 2008.

[12] GB/T 5532-2008, 24t ¥ i i B A9 000 2 [S]. b st . oy b o+ Rt 2008.

[13] GB/T 5530-2005, A4 il i 12 (60 F R B 22 [S). b mT . v B bR oE S At , 2005.

[14] THIEX N J,ANDERSON S,GILDEMEISTER B. Crude fat,diethyl ether extraction,in feed,cereal grain and forage
(randall/soxtec/submersion method ) : collaborative study[J]. Journal of Aoac International ,2003,86(5).888-898.

[15] B S IR LRI A5 . K AR K A 0 23 17 7 3k (M. bt s v 3R RE 27 H Rkt , 2002.

[16] DUBOIS M,GILLES K A,HAMILTON J K,et al. Colorimetric method for determination of sugars and related substances[J].
Analytical Chemistry,2002,28(3) :350-356.

[17] LOWRY O H,ROSEBROUGH N J,FARR A L, et al. Protein measurement with the Folin phnol reagent[J]. Journal of Biological
Chemistry,1951,193(1):265-275.

[18] NAMITA G,POOJA R,RANI G. Simplified para-nitrophenyl palmitate assay for lipases and esterases[J]. Analytical Bioche—
mistry,2003,311(1):98-99.

[19] KLAPWUK A,DRENT J,STEENVOORDEN J. A modified procedure for the TTC-dehydrogenase test in activated-sludge[J].
Water Research,1974,8(2).121-125.

[20] ZHAO M X,RUAN W Q. Biogas performance from co-digestion of Taihu algae and kitche wastes[J]. Energy Conversion and
Managemant,2013,75(5):21-24.

[21] LIU Yaxuan, JIN Qingzhe,LIU Yuanfa,et al. Lipase catalyzed hydrolysis of soybean oil in solvent-free system[J]. China Oils
and Fats,2008,33(10):32-36.(in Chinese)

[22] LEI Bingfu, SUN Dengwen, LIU Fuzhen, et al. An applied research of oil hydrolysis catalized by lipolytic enzymes[J]. China Oils
and Fats, 1996,21(4):10-12.(in Chinese)

[23] LIU Y X,JnIN Q Z,LIANG S, et al. The effect of ultrasound on lipase-catalyzed hydrolysis of soy oil in solvent-free system[J].
Ultrasonics Sonochemistry ,2008,15(4) :402-407.

[24] XIANG Xiaole,HUANG Qun,YANG Wangen,et al. Optimization and apparent kinetics research of tea seed oil hydrolysis
catalyzed by lipase with ultrasound irradiation[J]. Food and Fermentation Industries,2015,41(2).141-146.(in Chinese)

[25] i . RLH A 22 1 B0 N 107 6 1 20 5 il ROK i LAR RO BTS2 [D]. 1N - AR g B TR 2, 2010.

[26] GAO Wei, YANG Lichang, HONG Kun, et al. Study on hydrolysis characteristics of lipid by TLIM lipase[J]. Cereals and Oils
Processing,2010(4) :14-18.(in Chinese)

[27] MOHAMMADI R,MOHAMMADIFAR M A ,MORTAZAVIAN A M, et al. Extraction optimization of pepsin-soluble collagen
from eggshell membrane by response surface methodology (RSM)[J]. Food Chemistry,2016(190) :186-193.

[28] LIAO lJialin,ZHAO Mingxing, HUANG Zhenxing, et al. An alysis of grease degradation and its impact on the anaerobic digestion
of kitchen wastewater[J]. Journal of Food and Biotechnology,2013,32(8):803-808.(in Chinese)

[29] SHIGEMATSU T,TANG Y ,MIZUNO Y et al. Microbial diversity of mesophilic methanogenic consortium that can degrade
long-chain fatty acids in chemostat cultivation[J]. Journal of Bioscience and Bioengineering,2006,102(6):535-544.

LHSEHRAZIL 2018 FE 7 HEE O



RESEARCH ARTICLE CAO Meng,et al: Study on the Enhanced Hydrolysis of Kitchen Grease and
Promoted Anaerobic Digestion Performance by Lipase

[30] MATA A J,DOSTA J,ROMERO G M S, et al. A critical review on anaerobic co-digestion achievements between 2010 and 2013
[J]. Renewable and Sustainable Energy Reviews,2014,36(C):412-427.

[31] WANG Yonghui,ZHAO Mingxing, RUAN Wenquan. Synergistic effect of anaerobic co-digestion of food waste and excess
sludge[J]. Chinese Journal of Environment Engineering,2014,8(6):2536-2542.(in Chinese)

[32] XU Zhiyang,ZHOU Huimin,ZHAO Mingxing,et al. Effects voliatile fatty acids on extracellular polymeric substances (EPS)
during the biogas process from food wastes[J]. Journal of Food and Biotechnology,2014,33(10) :1044-1049.(in Chinese )

[33] GARCIA C,HERNANDEZ T,COSTA F. Potential use of dehydrogenase activity as an index of microbial activity in degraded
soils[J]. Communications in Soil Science & Plant Analysis, 1997,28(1-2):123-134.

SWERMHFX): FLEEVEZTIESENRARERERS W
Pt Bk AR BOR 5 A AR A B AR

JFi5 B #9.2018-10-17 4530 H 111.2018-10-20

Bt LI Rt B AR R R R R R

I £ FLIE £ 13018020541 ,027-87051286

E-MAIL:icheb@icbeb.org 23 M 4l  http://www.allconfs.org/meeting/index.asp?id=4705

XU S A B LR AR W BE 2 TR S AR W BOR [ bR 2 R 23 L (ICBEB 2018 )% T° 2018 4¢ 10 A 17 H % 20 H{ER
WA AR K S R R R E R REB G I, B A W B 2 TR A ) B R U 1 i 48 & SRR 2 2 i —
A E R AR S W B, B XA T Ml P T 8 285 R B ) 8 T BB | 2 S R 5 R, AR R AR fige i vk ksl
AR AR ) B 2 A R

SWBR(FX):2018 EHEBEEZLSZRITIES
TR F R A o e Sk B R
JF4h H181.2018-10-19 457 H 1 :2018-10-22
e L MR BRI E S U0
F I B v R AL A 2
RPN TR AR ML 2 B R KA VR AL 5 R T BT I 5% i N S =

KRN H ik, 275 I A L1 £ 025-84399893 513951722452
E-MAIL: xiaojin@njau.edu.cn 2 3l http://www.gsc.ac.cn/sybanner/201310/t20131030_131582.html

SV FENA . h B AR T el s RIUGRRSE SRS &7 T 2018 48 10 A 19-22 H7ETLHR# 2 A
T, dox B v [t A% 2 e B — R A2 T & BUARER R S 1 T By, J I oy [ B 4% 2 o B i 40 AR R, AR R & 2
Ny A A AR AHT Rk B A I B 38 A% 2 A DG U B B A R R R — A, B U g A A AT ) B S A
R Bk, W 4 [N S I8 Ao BOHA S A B SR S BT AR B BR 2

SR SC : VR Y i 24 ARG B2 s fe s Ui MRS il fe e EM A2 &K
FIBTAL 2 R F i fl o R 2 SE TR 2 2 38 A A 0 Mg A% 2 BOR Dr ik A8 TN SE N 45 . 18 30 Ui 5 T
(e YA =X, FROR I AE 1000 LA, Hh 38 SORBR

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.9 2018



