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Advances in bioconversion of organic solid wastes for the preparation

of high-value medium-chain fatty acids
HE Zilin, REN Weitong, WU Qinglian, GUO Wangqian "
(School of Environment, Harbin Institute of Technology, Harbin 150096, China)
Abstract; With increasing industrialization and urbanization, organic solid wastes production is rising.
Resource utilization of these wastes has become an emerging area of research in ecological and environ-
mental protection. Among various approaches, utilizing organic solid waste as a fermentation substrate
for microbial carbon chain elongation technology to produce valuable medium — chain fatty acids
(MCFAs) is gaining significant interest. This technology not only addresses pressing environmental pol-
lution problems but also enhances product value, offering both environmental protection and economic
benefits. It aligns perfectly with China’s policies on pollution reduction, carbon mitigation, and the de-
velopment of waste—free cities. The review focuses on the reaction mechanisms and key microorganisms
involved in the anaerobic fermentation and carbon chain elongation technologies for the bioconversion of
organic solid wastes to prepare MCFAs. The main factors affecting the synthesis efficiency, including
pH, temperature, substrate type and concentration, hydraulic retention time ( HRT), solid retention
time ( SRT), and other factors are analyzed. Furthermore, the challenges associated with the
production of MCFAs from organic solid wastes, such as the limited bioavailability of the substrate, the

lack of electron donors, the complexity of constructing a high—efficiency acid—producing system, and
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the issues related to product separation and extraction, are summarized. Finally, this review provides

suggestions for future research and development in related fields.

Keywords: Organic solid waste; Anaerobic fermentation; Medium—chain fatty acids; Chain elongation;
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R LR TEE SCFAs 1Y AF 212,
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Fig. 1 Synthesis pathway of MCFAs from organic solid wastes
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Table 1 Key microorganisms during acidogenic fermentation of various organic solid wastes

/i3] NN R RN SCFAs F= 4t KEEHED (S, %) Z:7% 3k
FEM
HH PR
IR K&EEY. 5 W pH=8 13.9 ¢/LL Bacteroidetes , Firmicutes  Spirochaetes [10]
fig
B =37 °C .pH=10 AHL
NN fi ff % ( Organic Load
15K 5 EAR — 7.8 kg/em®  Proteobacteria ,Bacteroidetes , Firmicutes [11]
Rate, OLR)= 17 kg COD/
(m* - d)
&5 b Y EAEE FW/ES=5 SRT=5 d .OLR=
N . 867.42 mg  Firmicutes(35.60) | Bacteroidetes(28.69) .
(FW) FA&  BLa4i®, —  9g VS/(L-d) il = ) ) [12]
e e COD/g VS Proteobacteria(12.56) Chloroflexi(9.71)
157 (ES) Bl IR 40 C
PW/SS=3/1 pH=5 = 251.55 mg Bactooidetas (47.8) . Firmicuos Chlorefle
N : acteroidetes (47.8) Firmicutes , Chloroflexi
RS . 35C COD/g TSS
o HE B 2
(PW) 57K - [13]
VBB (SS) - PW/SS=1/3 . pH=10i& 196.44 mg Firmicutes(73.5) . Chloroflexi ( 8.6) , Bacte-
E=35<C COD/g TSS  roidetes
K4l 48 & § . Bacteroides(33.04) . Romboutsia ,unclassified _
g4 5¥8  pH=10£0.1 J&F =36 C — i [5]
&R [_Enterobacteriaceae(7.84)
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VERW T2, Ol FLRRSFIE IR & PR
TR, CE S %95 M v B R b i F2 F0
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Table 2 Key microorganisms during the production of MCFAs via RBO pathway

LRI W32 ik FAY KHBMED (S, %) 27 30k
L. . Clostridium( 13.2) | Bacteroides (7. 1) | Alkaliphilus ( 3.4 ) | Petrotoga (3.3 ) |
2B R 15 [19]
Bacillus(3.0) Parabacteroides (2.0)
L SCFAs 15ie Clostridium , Caproiciproducens \Acinetobacter , Exilispira , Oscillibacter [14]
. unclassified_f._Peptostreptococcaceae( 17.62) .Romboutsia (17.20) | Clostridium_sensu_
Z SCFAs 15 [5]
stricto_12(8.03)
m 1R NR 15l Caproiciproducens( 65.6) [15]
A SCFAs 157 Pseudoramibacter(45.6) | Caproiciproducens(9.7) [4]
I AL SCFAs Yile Bacillus(26.0) | Caproiciproducens(25.0) | Lactobacillus( 18.0) [18]
L 3L SCFAs 151k Clostridium_sensus_stricto_12  Caproiciproducens [17]
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PRI S5 e S 0 /K S AR BE RN CE B4, F
LR, R R (30 ~40 C) HHT CE #EY
A 7= MCFAs, A2 7= SCFAs 1Y fi il 15 B nl g5 S
YRR 56, 24 CE P ME LA K fift B, T B2 X
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FLIR W A TR, FLIR - Y9k FE 14 %] 8.4 ¢ COD/L,
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R HHLY R A ML 5> AL AR L K
L&Y AR ARAHER (BT YR Yk
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YRR 5 o S0 ) K TR RS ) B 2 T Y
FR, BEAN, R R RYIA 2252 W SCFAs £ 7™
5 — S B C/N T, BRI g A
ARIRE e A B TR R R I C/N L, T 8 F
s L R A TR R 1 C/N, NI
A LA R 2 PR )36 A - C/N FE, LI
$ i SCRAs By &, AR IS5 98 SFEFT 5985

%E@[S—ﬁ,%—%] .

AHLE R AL 7= MCFAs ¥R 5 % BE IR 4
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mmol/L i}, T R 7™ it T &, 4 & W vk JiF 14 fin =
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2.3 HRT #1 SRT

7K 77 15 ¥ B} [8] ( Hydraulic Retention Time,
HRT) F [ A8 45 84 B [E] ( Solid Retention Time,
SRT) VAT P2 W) A R e 7= e 1) T ZE AR E S 80,
HRT 36890 50 (B4 IS4 A A= ) 5 ) 78 2 4 v
15 BR (0 SF- S4 A TR B, T A T A W A T R 1Y)
A B S T FE AW 4T 1 I IF & 8™ W), #5° HRT AN
R4 15 16 18 B A K, 1T 2 5 28Ut AR
MR RP=Y AR BB F2IRR
WET HRT %} SCFAs BURZm 1 KEZH £

B, BEA S L #5 1 HRT 8% SRT A |+ SCFAs I
7= BN ZHANG 26 W58 T AR HRT X3S 35K
ARBEREM, 2 HRT 52 d BEARZE 5 d B, &
Wb CTRHEJE #8536 000 mg/L, HRT 1 SRT il
5 K BRI A A DG, e OR B 27 4 2 26 A
W) 5 T 5 14 % B TR e 4 . NAKHATE 261 %
AR T 5t 1AM AL TR 2 R A7 IR AR I8
Hor SCFAs B R B s N AR TR & it wefIR 0 7K
FERG AT, B R i B (I R T 28 5 A s PO AR 4B A
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Mgt — A = R e B AR AR {2 3F SCRAs
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s X o e e i O B R BT IR A
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OLR J& 45 B AR I 7 A 7 AN B[] P e 67 4HL Y
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Fig. 2 Major constraints and solutions to MCFAs in organic solid wastes production
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