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Effect of Inoculum to Substrate Ratio and Acclimation of Inoculum
on Anaerobic Digestion of Orange Pressing Waste
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(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Biogas Institute, Ministry of Agriculture and Rural Affairs, Chengdu 610041, China)

Abstract; Different inoculum and substrate ratio (ISR) was taken to conduct the anaerobic digestion of
orange pressing waste ( OPR), and the daily production of methane was recorded. The relative
abundance of bacteria and archaea in the inoculum and sludge were tested to find out the change before
and after anaerobic digestion. And the digested materials were used for the test on the improvement of
anaerobic digestion after acclimation of inoculum. The results demonstrated that the cumulative methane
production of ISR 8, 6 and 4 were 320. 0 mL./g, 304. 9 mL./g and 242. 6 mL./g, respectively, but that of
ISR 2 was only 111. 4 mL/g after a lag phase of 7 d. And the relative abundance of bacterial and archaea
community of ISR 2 was quite different from those in other tests. The relative abundance of Bacilli,
Methanosaeta and Methanospirillum was decreased to 1. 88% , 24.45% and 1.71% , respectively, which
may cause the insufficient degradation of the substrate. Although there was no increase in the cumulative
methane production in the 2nd and 3rd rounds of anaerobic digestion, the time employed to reach the
final methane production was shorter than that in the 1st round of ISR 8 and 6, and the cumulative
methane production of the first 4 d was 95. 75% and 93. 40% of the total production in the 3rd rounds.
But it was unstable when ISR 4 was taken to conduct the test. In this situation, the improvement of
anaerobic digestion would be decided by the source of the inoculum, and no improvement was found in
the 2nd and 3rd rounds if the ISR was 2. According to the results, the optimum ISR for the anaerobic
digestion of OPR was 6 whether in a test on the biomethane production from different OPR or in a

pretreatment unit for the improvement of the methane production, and at least a round of anaerobic
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digestion was needed for the acclimation of the inoculum.

Key words: orange pressing waste; anerobic digestion; inoculum to substrate ratio; microbial community

structure ; acclimation of inoculum
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Tab.1 Characteristics of OPW, OPU and inoculum
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Tab.2 Amount of inoculum and substrate

used in anaerobic digestion

8
ISR MY e BEdRE BRERE SJRY R

8 16 1.41 0.59 2
6 12 1. 41 0.59 2
4 8 1.41 0.59 2
2 4 1.41 0.59 2
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B I DR L . ISRy 2 A TR AE 11 /K- F 4K 7K
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Methanospirillum {8 %} =F B %2 & , ] Methanosarcina
FRAS F AR, W] BB 5 R T OB DL b R i &2 48 vh pH
EA K, PR e Fh Wy 0 A AR 350 2 8% JSORE G T S
AR EFER pH (E B TH I =, A2 AL S A T
ﬁ/ﬁ@ﬁkTﬁEEﬁfﬁﬁ%@EﬁBﬁ%ﬁi@

4 A

Methanosarcina .

Methanosaeta Z| Methanosarcina

I Meth t BV ina B Methanospirillum
Methanobacterium -L' lassified _k_ k- A
1001
80+
g
i 60
i3
= 40t
=
20+
0 :

R SRS ISRM6 ISRM4 ISRA2
£
P 5 O[] 4 ol g ek T ol 9 9 2 A

Fig.5 Composition of archaea community before

and after anaerobic digestion
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Fig.6 Cumulative methane production of ISR 8, 6, 4 and 2 from the first to the third round
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Tab.3 Model estimation results of OPR by modified

Gompertz models

p/ R../
pie:i! R? A/d
(mLeg™") (mL-g~'-d~!)

ISR 8,45 1 4 0.997 327 44. 67 0. 60
ISR 3y 8,45 2 % 0.996 348 90. 56 0. 49
ISR 3 8,55 3 % 0.999 326 145.07 0.27
ISR H 6,55 1 4 0.992 317 36.21 0. 47
ISR H 6,45 2 4 0.996 312 85. 69 0. 45
ISR 3y 6,55 3 % 0.998 342 139. 32 0.26
ISR K 4(1),553% 0.994 157 62.62 0.13
ISR K 4(2),%24% 0.991 307 59.51 0. 50
ISR K 4(2),%34% 0.997 330 106. 91 0.32
ISR 3} 2,55 3 % 0.995 136 60. 73 0.11

60 S 56 D SR A T 0 O e W DR, R R ) 2
—Re YL, RIS R DL 4. ISR Oy 8 716 [y
H fe SR 553 31y 291. 0 mL/g 1298, 5 mL/g, &
F ISR N 4 12 19 269.7 mL/g 1 208. 1 mL/g, H

x4 EEETERELBEYES
Tab.4 Results of anerobic dlgestlon of XC

ISR Oy 8 1 6 (7= Al W4 ISR Jy 4 1 ISR 2 2
W o Xt — PRk 1 DU MR O IR T R IR
SRS, BOR A ISR Oy 6 Jf i M ik —%E .

3 Fig

(1)ISR 2y 8 Fl 6 Z5FF M A6 it IR S Kk 8% I
PLIE S #E47 , We RAR 7 2243 ]34 1) 320. 0 mL/g i
304.9 mL/g, P45 R 5 K T & G0 P 4 AN T
FETE ARG AE Lo () B, 3 3k 90 Ak R 1 7 A 0 B R
YN AR AN BB B H e SR BT R (E AT LA SR
R, b ISR O 6 Z A 3201 f8 R EET
4d L B 'R 93.40% | 86.72% T
38.03% ,HaHtm T RBERE . PRI M
il 843 78 DR 48 % T HP A AR A DA B IR ARk T ) T
b PR A S5 A DG SE 30 I, HEFE L £ ISRy 6, I i 1T

/S R 1 D A 3k G PR 42 e 42 B0 D R TR
1 2 S 0] 52 35 25 A R T

(2)ISR Jy 4 Z51F N, ey b A= 4 B AH T
AR ARETE SRR R R R BERCRAL T ISR
8 F16, BB Lt r= b 45 ISR 2N 8 16 11 75. 8%
F179.6% . fEi% ISR T i@ i W Ak 42 Fl 47 >k 42 i IR
AR A AE AR SR R RS Wt M 4 P 0 b A B 11 i
A ) R TR AR T RE s T 22 i ) Ak 1 R0 T

o

il

(3)ISR 2 2 5 R, He Py h 2k W it ™
AR R I B, SRR e R KA ISR O

S A MR FREBTR, AURNY/
SR Rie  Rie (mleg ) . 8 Fil ISR 24 6 19 34. 8% A 36. 5% , % 4T 14 40 4
8 18 2 291.0 +4.5 7 E E N K 3 1.88%, Methanosaeta  Fl
6 12 2 298.5£9.2 7 Methanospirillum ) E %F 3 Bt 43 5 F (4 2 24. 45%
* $ 2 269.7 8.0 § FLT1% 5500 1 BRE (69 7= A, FL3E oo 914k 332 R )
2 ! ’ 2081236 30 LT 2 B A TR 7 2L R AR

s £ X W

[1] Food and Agriculture Organization of the United Nations.

Citrus fruit-fresh and processed statistical bulletin 2016 R]. Market

and Policy Analysis of Raw Materials, Horticulture and Tropical (RAMHOT) Products Team, 2016.

[2] WILKINS M R, SURYAWATI L, MANESS N O, et al.
marxianus in the presence of orange-peel oil[ J]. World Journal of Microbiology and Biotechnology, 2007, 23(8) :

1168.

Ethanol production by Saccharomyces cerevisiae and Kluyveromyces

1161 -

[3] MARTIN M A, SILES J A, CHICA A F, et al. Biomethanization of orange peel waste[ J]. Bioresource Technology, 2010,

101(23) : 8993 —8999.

[4] SUH, TAN F, XU Y. Enhancement of biogas and methanization of citrus waste via biodegradation pretreatment and subsequent

optimized fermentation[ J]. Fuel, 2016, 181 843 - 851.
[5] RUIZ B, FLOTATS X. Effect of limonene on batch anaerobic digestion of citrus peel waste[ J].

Journal, 2016, 109 9 - 18.

[6] FAGBOHUNGBE M O, HERBERT B M, HURST L, et al.

[J]. Bioresoure Technology, 2016, 216 142 - 149.

Biochemical Engineering

Impact of biochar on the anaerobic digestion of citrus peel waste

[7] SANJAYA A P, CAHYANTO M N, MILLATI R. Mesophilic batch anaerobic digestion from fruit fragments[J]. Renewable

Energy, 2016, 98 135 - 141.

[8] WIKANDARI R, NGUYEN H, MILLATI R, et al. Improvement of biogas production from orange peel waste by leaching of



316

gl ML ¥ R 2019 4

limonene[ J]. Biomed Research International, 2015, 2015 494182.
FORGACS G, POURBAFRANI M, NIKLASSON C, et al. Methane production from citrus wastes: process development and
cost estimation[ J|. Journal of Chemical Technology & Biotechnology, 2012, 87(2) : 250 —255.

B, Shaa, R, 5. R AT IR I AE I AR v s R B R R a6 B i A e [ /0L ). ROk HLBL A 4R, 2018,
49(9): 302 -310.

CUI Xian, GUO Jianbin, XU Yan, et al. Effect of wei-storage additives on fermentation performance and biomethane potential
of corn stover[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(9) ; 302 - 310. http; // www.
j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20180935&journal _id = jesam. DOI; 10. 6041/]. issn.
1000-1298.2018.09.035. (in Chinese)

PERLLERA F, GIDARAKOS E. Effect of substrate to inoculum ratio and inoculum type on the biochemical methan potential of
solid agroindustrial waste[ J]. Journal of Environmental Chemical Engineering, 2016, 4(3) . 3217 - 3229.

CALABRO P S, PONTONI L, PORQUEDDU I, et al. Effect of the concentration of essential oil on orange peel waste
biomethanization; preliminary batch results[ J]. Waste Management, 2016, 48 . 440 —447.

NEGRO V, RUGGERI B, FINO D. Recovery of energy from orange peels through anaerobic digestion and pyrolysis processes
after d-limonene extraction[ J]. Waste and Biomass Valorization, 2018, 9(8) : 1331 - 1337.

KAPARAJU P L N, RINTALA J A. Thermophilic anaerobic digestion of industrial orange waste [ J]. Environmental
Technology, 2006, 27(6) ; 623 —633.

CHOJNACKA A, SZCZESNY P, BLASZCZYK M K, et al. Noteworthy facts about a methane-producing microbial community
processing acidic effluent from sugar beet molasses fermentation[ J]. PLoS One, 2015, 10(5) : e0128008.

LIU T, SUN L, MULLER B, et al. Importance of inoculum source and initial community structure for biogas production from
agricultural substrates[ J]. Bioresoure Technology, 2017, 245. 768 - 777.

LI T, MAZEAS L, SGHIR A, et al. Insights into networks of functional microbes catalysing methanization of cellulose under
mesophilic conditions[ J]. Environmental Microbiology, 2009, 11(4) : 889 —904.

SIEBER J R, MCINERNEY M J, GUNSALUS R P. Genomic insights into syntrophy: the paradigm for anaerobic metabolic
cooperation[ J]. Annual Review Microbiology, 2012, 66 429 —452.

WIRTH R, KOVACS E, MAROTI G, et al. Characterization of a biogas-producing microbial community by short-read next
generation DNA sequencing[ J]. Biotechnology for Biofuels, 2012, 5(1): 41.

TIeH, R, RN, & PR R R R T]. A SEE AR, 2015, 21(1): 1 -9.

FANG Xiaoyu, LI Jiabao, RUI Junpeng, et al. Research progress in biochemical pathways of methanogenesis[ J]. Chinese
Journal of Applied and Environmental Biology, 2015, 21(1): 1 -9. (in Chinese)

DEMIREL B, SCHERER P. The roles of acetotrophic and hydrogenotrophic methanogens during anaerobic conversion of
biomass to methane: a review[ J]. Reviews in Environmental Science and Bio/Technology, 2008, 7(2) . 173 - 190.

RE, ABY, £, & PG ETRERIT]. MAEYFER, 2016, 43(5): 1143 - 1164.

CHENG Lei, ZHENG Zhenzhen, WANG Cong, et al. Recent advances in methanogens [ J]. Microbiology China, 2016,
43(5) . 1143 - 1164. (in Chinese)



