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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 fo 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
the issues related to product separation and extraction, are summarized. Finally, this review provides
suggestions for future research and development in related fields.
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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
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Fig. 2 Major constraints and solutions to MCFAs in organic solid wastes production

AR B AR R E] MCFAs A 7= B 28 55 1k
DI SRR BE 9 N 53 B 1 T A BIL A %
1T MCFAs & %, SR o T8 HLIE R oy =2 4%, H
W KA DT EEE A T i KA R Ak Ak
i IR S 2B IRA R IL O MCFAS™ | KAh
LI B A 5 2k 431k A ol 2R 0 2 3 U
YT KA IR BRETAE 2R E W, BRI,
AL K 7 B A7 A6 K S TR AL R FEAIK L SCFAs 7= i
R H AN B3 2 1) X k5 CF 1
A ARAT A HL T2 AR R /b A W I S A e
BRI T Al K s

W R B 5 038 , K A A5 TRl W R e
MLIEE Py 5 fige (%) BIR 3 25 8, AT A3 o 4 i) & P 4 1
(RYE T HRT pH R S5 ) FIOX A= ) B 93
ROFRAEHE 7K g, v, Az 9y o i A 3 A R 2
LRI 3 = IR S R A 7 SCRAs 77 5 1 A
FANE AT 0 5k BUALBE 7 ] 43 Sk 4 B 9
AL Al 2ATAL PR A P A B DL R KA TAL B T
o WFRPAL IR Ty A AR AL ] R Ab B R R
WEALEREAE IR E SR a5 R A ML e
VAW PP AR RR ik, SONDHI Z515° S FH v g Aub B0 ) 28

JEF B AT AL B, 20 B P AR g T X R 2 42
T 52.2% ., SRTH PRI AL R 5 5 A7 7F REFE =
A Tl AL, X DA ) R R AL Tk 2B 7™, W 1k
SETRAL BT VAT TR/ TRAL B 3 AL L CaO, R
PR 55, AFLFE fi FH N5 25 B ks Y 0 1 T i )
B, WANG Z50% 5% H 11 48 £ 2 ( Peracetic Acid,
PAA) WAL HT5 IR, PAA il i S im v [ i
RS, T BT R R Al AN R A& B
Ji Y AR 1 BT A HI IR i1 MCFAs 75t K
IEREREINF] 11.27 g COD/L, =¥ it B gk N
SEAT AL A 0 A B 1 i, LA AL B A
PRIR AN REREAR X7 T 25w /N i f 3507
127 38 1o T A 0 B S X A2 2 AT HIL A Y
i, DT RAARR DR S 2 T2 S 0, 4 v DI A /K i 56 A
Fi e O (EAF A AL PR I A B, B AR &
B, 76 TORFS AT 5 24 38 3 S 1 i b JHL 20 A 7 e 190
AR FE (S INTE R B RN AF A K W) L R T HIRE kL
BEAYZE RS 2 e BN TR B 1k 1 JR PR, 6
A PUAD A DN A 2308 o R R 57 i e Ak R AR
FOFRAR 7 i hn, MIKULSKI 25057 5% FH fipk b
BRIDE A TRAL B T 21 2 2K it 2R 42 8 2 75%
7



B et 0 SR R A o STk A TUAL B K R A
FF, B T L4 R KR M B
3.2 HBFHEEHRZ

FI A AL E A= 7= MCFAs 38 H 23 1 I B 1
AR IR, X 252 CE 3 R 19 1E 3 51T
BEXT UL ()@, #h se AR bR R L — R
BRI, WANG VB SY T AR R S LT
PEARXTTS IR EUR B 7= MCFAs P25 (1938 7, H
HEIN £ B 1 S 09 23R4S T e MCFAs 7 5
((3352.7 + 564.7) mg COD/L) I ik £ %
(20.7%) o, SR B £ f AR AU A%
555, T HANIE A F T MCFAs (9 Tl Ak HLRE A
7E, MR FEM, LS CE i FE AR A 50% L
B BUAR  W R CBEAE  HFAR Y CE i AR
X PRI AR St (B SR T R A, BN pH 5 BB
5.5~7.5"7) T [ A A A A RO B AR A1
CO, I £7 1€, X 26 B 35 A8 5 19 455 il #1438
MCFAs (A, ALK T OBEHA BE R,
FLERUR N CE T8 A AT 7R pH MG AR A7 pH
AYEREAE 4.7 22471 HLFLEBR 78 i 1 £ WAl
fitg A By E 2 B & B CO,, TC 5 A Ah Kb
7 €O,

PRt , 2% SE 20 AP A 0 HR S £
T ) 1R R R AR R, Al aE g AR 3 g Ae
RO, — R LERRE S 0 R 5 TR E & 2
B B 70 A W T, A o B E IS A9 ok TR,
KUCEK %57 DU A A JORE, T R 32 22 1% 1 40
L DA R A A S O A Y SRR, SE PR T 3.9 ¢
COD/ (L - d) By MCFAs 7= 3 | &R M1 iR (1) 1 £
PEXREN T 36% ., —JRil it i A ELIRIE
TtA 3K Z) CE i 25 i MCFAs, #4411 TANG
LSS A JBt b ) A 72 MCFAs , HerR ik b &
W ik o FLER, AR5 B CE o F % 1k
MCFAs, /=1 M 136.48 mg/g VS, WU %51 1§ i
[ B3 VT U8 P A S R LR AT TR B SR R )
BB, S T 5RO LR, fE M T 97 d
FR3E 2 KR MCFA S K- ik 1 5.87 ¢
COD/L, C & 1 %% 1% 19 38 257 43 11 69.28% Fil
25.81%, —J&RH 2 Fhal Z R pLIE I 3L &
S T HA S T Z IR B AN e, BT, B
A8 22 B G e - Bt b 3 15 -2 4 R 2k
B e - BB R FE - RS A AR SR R WA
MCFAsFFJRAFE 03707 sy v e b A i 5
X T MCFAs (B /= 2 CHE 2 Ao 75 T B

8

Z W5 LA FHRAR Y AEAR AR 1 A 15K, $2 i
THHRRFIHECE , H8F MCFAs 427,
3.3 BHFBRARGRNER

AT, 2 T TR 8 A B 00 Tk B 18 K B R A7 1
MCFAs 7= AR AR A9 ], 7= 4 2 3 DL OV IR
h | CERS EBE R W BRI A LA b 22 B v B S i
MR A IIE X, BARIRSE LA, BRI T 7= &b 19 N
MZTAME B85 B P i 2 BR il MCFAs
PR ME R B, BN MY A R
MCFAs B3 FE i L BEE SCFAs FIBE2E 1Y 4=
S, 3K TG BE 23 4 HUR YRR I, BEAIK MCFAs 7= &,
WANG 45171 F| B 45 75 08 1 £ B A 72 MCFAs
I, RIS T R P2 iA 10.3 g COD/L, #Rid O R
PRI 3 A, X LT B2 AR T I R R 5T 4 1
K8, T CBERY BTV BE 2 (5 MCFAs Ji
HIREM 172,

VEZ24 25 R 0di /b 8 W 43 B80R Bt 1 AS 1 5
M), 22 33 ol FH S R R | R A S R Ak
Ve S B/ e F B s A7 AR W/ sk |
Tl Al 45 1 0 T B A e BB 2 ks il i Ak
P JE PR Rl M S AU IR IR R . FHAMER
FEAY B B RE, WU S LR 4TS TE A
VE R BN Y, B TR IR AR R 75 ~ 150 pm (1)
AW ,MCFAs e 1 2548 5 & 60.7%+3.0%,
B AL ORI B T 92.6% ., A=Wy vl DL 4
CE ZHREFEY (BN Clostridium klwyvert sp. | Clos-
tridium magnum sp. ® Clostridium botulinum sp.) ,
A RIR BN PR UE SR M b ) L TR
LUO 27 i R 2N 5 /L Fe 0, , 3275 T
VS IRIRE R Bt B2 P MCFAs (9 577 i MCFAs
R B EHEE £ 9 614.26 mg COD/L, [A] i,
AR WERTR R 24 d 46002 9 d, MLEEMFSE R,
Fe, O, 3858 1 &5 6 10 T fL P, R IR & i A 4
fE TG T LM IR BT Fe, O, K BEIR R A7 TE
Fe(11) Fll Fe(III) A48 4L 38 IR 0G50, B AT TAR 7T GE
M FERIR, SRR LR, HIL, Ty
TRREA 20 S DR A=, A HE AT DL 4 1) K A
MR AL, 42 i i FAE 80K . REN 557 W9y R W 7
CE g s in s i 4%, 1547 150 d J5 O iR 7™ it
BT 21%, ZHANG %7 R W Clostridium
kluyveri( DSM 555) R #EF W) it 47 A 5k, ©
BR Y- B4R = & 48.9 mmol/L, 7EA K 5T TAE
H, RER AR RS AL T BT IR W5 46 7= W 4l A
Hh ] P A AR D) R ARl R v G B M AR AR Y



B AR S RO R A R LA MEN S
e VN
3.4 FYHSESBRIEREZ

RIFBAS I MCFAs X4 9 B 7k, 43
KB FEE RS H] MCFAs (4 5, 1 H MCFAs
(10 2P Bt 25 FL B 4 BE A B i g T R
PRI CE 3R A 35 5% 0 1Y) FH 5K s 60 45 ZE K
FRAEIT, DT 184 58 fale A 40 X B85 0 38 57 R A2
PEPST I R b R, B4 CE R SR
M7, bR PR3 R R A B MCF As % 8 42 il 7 fi
AT 373 FE P, BRI E, 7= A 43 1 S R U fi
T MCFAs KBl il AR A 77, 2 SE 3 MCFAs
AR T AR AR . RIES AR T 2456
FE LR B R JE Ok Y MCFAs 43 55 42 Ht
Mg

TR TR AR B 43 AN L B T AR IR W)
T2 I MCFAs % 7R M AR, T
A Ak 2 A R A TR - YRR BOR E T T
MCFAs M A= 9185 37 3 th 76 B 31 538 19 26 BGRI H
WASEWAR 457 JiF B & B30 @ 2 = T 19 ( TBP)
VERZE BRI $2 B MCFAs B AT 47 4E, B 5, CHOL
5O SR R IR AR TR - TR AR IR B e
R (>90% ) $ IR ZE G ) S8 T [l B A=
FIHRE MCFAs , 1% 2 40 B9 © R ™ 2 J2 AN i iAo A%
WO R RGN 4 f5, K HE = T MCFAs 7=
T, TP s AR AR A TR - TR B R T2 AT L
7B R A B ) 5 1k A 0 0 R TR L I A
fik, 76 A 2 R B b £ B MRk
ANGENENT 45 ¥ 2% £ i #2235 B 193 22 CE X
g et SRV 2 M (pH N 5.0~5.5) T
MCFAs $2 BRI PE A BUR (pH 2 9) h, R
FR 2, 76 BHCE A5 OB P MCFAs 2 DL B9 52 R £
(R-COO" ) JERAFHE, T Z I AR R X 2 b2 9
JEHs HL LA R A i R R (R-COOH) |, h 44 % i
AR XU SR AR LR 5] T L
AR P LR 28 22 0] A0 pH of B 4 290 5 R A
B MCFAs, 13 3] T %A 90%1E C R 1 10% 1EF
PR PR TR VB AR VA VR — VR A T 2 B IE S 2 1T
FAF MCFAs [ —FpAa 2005 2%, (0 H & A F
oA B I EL A EL 4t N T B RS e )
FIAN AR I | s AT AR DA v R AR A5 ) A ) A
B 5 B 2 AR A & TR W 43 B3 MCFAs 1)
VA IS S =K T SN B R N N R 28 ()
BRIl MCFAs, XU 255831 % T —Fh I BB

Mr/ Ao B B it 3-8 T 1.7 kg/(d - m?) ik
MCFAs Ji138 5, 12 5 G0 0 FE L 8 BU 7 2 T8 e A o
PRV - A UG 1710 264, SR, BTS2 B )
I ) MCFAs ¢ BE B HL 78 0T 38 O 3% 98 1Y
IS, FE R E M, BLAh, 75 2 T s F B Mt
RIBHTAGER 3K K ARIEN T HL B M3t A 45 LIS i)
25 1 AR IV TF 2 TEAR BOAR (14 43 B FNAR BCH A | 2
SERRE AR R G, [RS8 B MCFAs 94272 4%
BRI E, A R T MCFAs JE A= 9 7 5 i R H A
I

4 LREERE

FI A 1 A B, MCFAs B B 14 7 B v
91, A BLE AR & B A 7™ MCFAs KR
INT H TR SZ AR R, BRI T A2 7R AR, X
PEEAYLE R R IRAOK FREAEEE L, AT
SEEURR R H bR, AR SCRA AL E A L MCFAs
MRS AR S PR3 Ay B ol X i ey ik
AT T R, H AT, B A B L
MCFAs B E & T — % MR 5T SERIE AT AL T 52 56
FEBT B, N S T MR A MCFAs 2B 77 S
HLUR LS AL,

(1) BRER B K BN A B A AL AR N R
B, I8 BURBORE) T, g7 58 3 WA AL % 43
28 WA AEAE RS I M2 T 1L MCFAs Az 7= 5t i
BT R, BeAk, Ul B AN £
Pl 5T (43 590 5 A/ mT A A i F - A2 44/ L it
) ATIR A K, /b AR SR i T 7= A=
PIRTAN A, JF A ML % A2 7 MCFAs Tt/
Az P X RS AR RN 7 MCFAs #4748
o 1 | e e N 1

(2) FEm R AT AR M, B, A ALE
JB T 7= B AT AR IR A T A W e A P ARG A [,
BT XA R 42 1) A e ) e R AR %) e 0 o Ak 3L T
BB, T S ROK S AR AR B B, [RIES), ik
PR TAL R T 200 B ) TS0t ARBLA A=A
A ERI YRR

(3) My S 0™ PR R B R X AT ML %
A MCFAs P70 Il B, B T AT DA 3 7 05
LA | FL /3 5 b A T R R A T B p Ak
MCFAs A7 i ] i Bl S it i 2B A BB i
EA DI RE AR AT IR E 1 WI AT RE LA
3 T RE L R A AT A A A A AT RN T RE 2R 1
BT, R DRI A T b Mo ik At ELA DL k4t

9



PR RO BRIE PR , AT v AU 42, M AS
DAL E Y R GV S II0E

(4) TR = o B AR MU R o IR

J1 R S = 5 A7 43 B SR IREL R FF & MCFAs 4=
77 SRR 3 B AR MUR G, W W — TR 2R B S 5y
BB BSOS IR E R R N A A
SRR, I A Bl g BORTRS 25 1 A sl kg il ik
2 A R G B R A B A | 2 7 g [l
WO R, 52 MCFAs TolkAbA= 7=,

2% 3k ( References) :

(1]

[10]
10

WRAE, (35, B, 5. BRI A1 A LR R PG
A HEORBITC IR S B[], iR, 2024, 30
(3):29-51.
YANG Tianhua, TONG Yao, ZHAI Yingmei, et al. Research
status and prospects of thermal conversion clean utilization tech-
nology for organic solid waste under the carbon—neutral vision
[J]. Clean Coal Technology, 2024, 30(3) . 29-51.
WU Q L, GUO W Q, BAO X, et al. Upgrading liquor—making
wastewater into medium chain fatty acid: Insights into co—elec-
tron donors, keymicroflora, and energy harvest[ J]. Water Re-
search, 2018, 145: 650-659.
GE S J, USACK J G, SPIRITO C M, et al. Long—term n—ca-
proic acid production from yeast—fermentation beer in an anaero-
bic bioreactor with continuous product extraction[ J]. Environ-
mental Science & Technology, 2015, 49(13) . 8012-8021.
ZHANG W Q, WANG S L, YIN F B, et al. Medium-chain
carboxylates production from co—fermentation of swine manure
and corn stalk silage via lactic acid: Without external electron
donors[ J]. Chemical Engineering Journal, 2022, 439, 135751.
YIN Y N, HU Y M, WANG J L. Co—fermentation of sewage
sludge and lignocellulosic biomass for production of medium —
chain fatty acids[ J]. Bioresource Technology, 2022, 361, 127665.
WU Y, CAO J S, ZHANG Q, et al. Continuous waste activated
sludge and food waste co—fermentation for synchronously recove-
ring vivianite and volatile fatty acids at different sludge retention
times: Performance and microbial response[ J]. Bioresource Te-
chnology, 2020, 313: 123610.
SHEN D S, YIN J, YU X Q, et al. Acidogenic fermentation
characteristics of different types of protein —rich substrates in
food waste to produce volatile fatty acids[ J|. Bioresource Tech-
nology, 2017, 227 125-132.
TOMAS PEJO E, GONZALEZ FERNANDEZ C, GRESESS, et
al. Production of short—chain fatty acids (SCFAs) as chemicals
or substrates for microbes to obtain biochemicals[ J]. Biotech-
nology for Biofuels and Bioproducts, 2023, 16(1): 96.
LUOJY, LIY, LI'Y B, et al. Waste—to—energy: Cellulase in-
duced waste activated sludge and paper waste co—fermentation
for efficient volatile fatty acids production and underlying mech-
anisms[ J ]. Bioresource Technology, 2021, 341, 125771.
SLEZAK R, GRZELAK J, KRZYSTEK L, et al. Influence of

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

initial pH on the production of volatile fatty acids and hydrogen
during dark fermentation of kitchen waste[ J]. Environmental
Technology, 2021, 42(27) . 4269-4278.

LIU H B, WANG L, ZHANG X D, et al. A viable approach
for commercial VFAs production from sludge : Liquid fermenta-
tion in anaerobic dynamic membrane reactor [ J]. Journal of
Hazardous Materials, 2019, 365 912-920.

WU Q L, GUO W Q, ZHENG H S, et al. Enhancement of
volatile fatty acid production by co—fermentation of food waste
and excess sludge without pH control;: The mechanism and mi-
crobial community analyses[J]. Bioresource Technology, 2016,
216 653-660.

LUO J Y, LI Y X, LI H, et al. Deciphering the key oper-
ational factors and microbial features associated with volatile
fatty acids production during paper wastes and sewage sludge
co—fermentation [ J ]. Bioresource Technology, 2022, 344,
126318.

WU S L, WEI W, SUN ], et al. Medium—chain fatty acids
and long—chain alcohols production from waste activated sludge
via two — stage anaerobic fermentation [ J ]. Water Research,
2020, 186: 116381.

CANDRY P, RADIC L, FAVERE J, et al. Mildly acidic pH
selects for chain elongation to caproic acid over alternative
pathways during lactic acid fermentation[ J]. Water Research ,
2020, 186: 116396.

HAN W H, HE P J, SHAO L M, et al. Metabolic interactions
of a chain elongation microbiome [ J]. Applied and Environ-
mental Microbiology, 2018, 84(22) . e01614-e01618.

HUO W Z, FU X D, BAO M G, et al. Strategy of electron ac-
ceptors for ethanol—driven chain elongation from kitchen waste
[J]. Science of the Total Environment, 2022, 846 157492.
GAO M, LIN Y J, WANG P, et al. Production of medium—
chain fatty acid caproate from Chinese liquor distillers’ grain
using pit mud as the fermentation microbes[ J]. Journal of Haz-
ardous Materials, 2021, 417, 126037.

HAN W H, HE P J, SHAO L M, et al. Metabolic interactions
of a chain elongation microbiome [ J].
mental Microbiology, 2018, 84(22) . ¢01614-e01618.
TORELLA J P, FORD T J, KIM S N, et al. Tailored fatty acid

Applied and Environ-

synthesis via dynamic control of fatty acid elongation[ J]. Pro-
ceedings of the National Academy of Sciences of the United
States of America, 2013, 110(28) : 11290-11295.

SARRIA S, KRUYER N S, PERALTA YAHYA P. Microbial
synthesis of medium—chain chemicals from renewables[ J]. Na-
ture Biotechnology, 2017, 35 1158-1166.

WU S L, SUN J, CHEN X M, et al. Unveiling the mechan-
isms of medium — chain fatty acid production from waste
activated sludge alkaline fermentation liquor through physiolog-
ical, thermodynamic and metagenomic investigations[ J]. Water
Research, 2020, 169 115218.

LAMBRECHT J, CICHOCKI N, SCHATTENBERG F, et al.
Key sub — community dynamics of medium —chain carboxylate

production[ J]. Microbial Cell Factories, 2019, 18(1): 92.



[24]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[37]

FENG K, LI H, ZHENG C Z. Shifting product spectrum by
pH adjustment during long—term continuous anaerobic fermen-
tation of food waste[ J]. Bioresource Technology, 2018, 270
180-188.

LIU H, WANG J, LIU X L, et al. Acidogenic fermentation of
proteinaceous sewage sludge: Effect of pH[ J]. Water Research,
2012, 46(3) : 799-807.

LIN L, LI X Y. Effects of pH adjustment on the hydrolysis of
Al - enhanced primary sedimentation sludge for volatile fatty
acid production [ J ]. Chemical Engineering Journal, 2018,
346 50-56.

CONTRERAS DAVILA C A, CARRION V J, VONK V R, et
al. Consecutive lactate formation and chain elongation to reduce
exogenous chemicals input in repeated —batch food waste fer-
mentation| J]. Water Research, 2020, 169, 115215.

WU L, WEI W, CHEN Z J, et al. Medium—chain carboxylate
productions through open — culture fermentation of organic
wastes[ J]. Journal of Cleaner Production, 2022, 373; 133911.
PALOMO BRIONES R, XU J J, SPIRITO C M, et al. Near—
neutral pH increased n—caprylate production in a microbiome
with product inhibition of methanogenesis[ J|. Chemical Engi-
neering Journal, 2022, 446. 137170.

YIN J, YU X Q, WANG K, et al. Acidogenic fermentation of
the main substrates of food waste to produce volatile fatty acids
[J]. International Journal of Hydrogen Energy, 2016, 41
(46) : 21713-21720.

CLOMBURG J M, GONZALEZ R. Anaerobic fermentation of
glycerol; A platform for renewable fuels and chemicals [ ] ].
Trends in Biotechnology, 2013, 31(1) . 20-28.

ALIBARDI L, COSSU R. Effects of carbohydrate, protein and
lipid content of organic waste on hydrogen production and fer-
mentation products [ J]. Waste Management, 2016, 47. 69
=717.

NESHAT S A, MOHAMMADI M, NAJAFPOUR G D, et al.
Anaerobic co—digestion of animal manures and lignocellulosic
residues as a potent approach for sustainable biogas production
[J]. Renewable and Sustainable Energy Reviews, 2017, 79.
308-322.

UWINEZA C, MAHBOUBI A, ATMOWIDJOJO A, et al. Cul-
tivation of edible filamentous fungus Aspergillus oryzae on vola-
tile fatty acids derived from anaerobic digestion of food waste
and cow manure[ ] ]. Bioresource Technology, 2021, 337. 125410.
VASUDEVAN D, RICHTER H, ANGENENT L T. Upgrading
dilute ethanol from syngas fermentation to n—caproate with re-
actor microbiomes [ J]. Bioresource Technology, 2014, 151
378-382.

R, CREAFLIRG | A BRFE RS I HOR A 7= rh BE R IR 1
BEFELD]. MRIREE : W/REE TR, 2019: 2.

WU Qinglian. Study on medium chain carboxylic acid
production from chain elongation technology induced by ethanol
and lactate [ D ].
2019. 2.

WU Q L, GUO W Q, YOU S J, et al. Concentrating lactate—

Harbin: Harbin Institute of Technology,

[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

carbon flow on medium chain carboxylic acids production by
hydrogen supply[ J]. Bioresource Technology, 2019, 291. 121573.
YIN Y N, ZHANG Y F, KARAKASHEV D B, et al. Biologi-
cal caproate production by Clostridium kluyveri from ethanol
and acetate as carbon sources [ J]. Bioresource Technology,
2017, 241: 638-644.

ZHANG W Q, LANG Q Q, PAN Z D, et al. Performance
evaluation of a novel anaerobic digestion operation process for
treating high — solids content chicken manure: Effect of
reduction of the hydraulic retention time at a constant organic
loading rate[ J]. Waste Management, 2017, 64; 340-347.
NAKHATE S P, GUPTA R K, PODDAR B ], et al. Influence
of lignin level of raw material on anaerobic digestion process in
reorganization and performance of microbial community[ J]. In-
ternational Journal of Environmental Science and Technology,
2022, 19(3): 1819-1836.

LIL G, WANG Y Y, LIY. Effects of substrate concentration,
hydraulic retention time and headspace pressure on acid pro-
duction of protein by anaerobic fermentation [ J]. Bioresource
Technology, 2019, 283 106-111.

SAYEDIN F, KERMANSHAHI POUR A, HE Q S. Evaluating
the potential of a novel anaerobic baffled reactor for anaerobic
digestion of thin stillage: Effect of organic loading rate, hy-
draulic retention time and recycle ratio [ J ]. Renewable
Energy, 2019, 135: 975-983.

WONG L P, ISA M H, BASHIR M J K, et al. Effect of hy-
draulic retention time on volatile fatty acid production and or-
ganic degradation in anaerobic digestion of palm oil mill
effluent[ C]//International Symposium On Green and Sustain-
able Technology (ISGST2019), AIP Conference Proceedings.
Perak, Malaysia. AIP Publishing, 2019 020020.

JIANG J G, ZHANG Y J, LI K M, et al. Volatile fatty acids
production from food waste: Effects of pH, temperature, and
organic loading rate[ J]. Bioresource Technology, 2013, 143
525-530.

GOU C L, YANG Z H, HUANG ], et al. Effectsof temperat-
ure and organic loading rate on the performance and microbial
community of anaerobic co—digestion of waste activated sludge
and food waste[ J]. Chemosphere, 2014, 105; 146-151.

K H, BRI, RN, S A HURY PR B G
KA WP EIRRROITE )], SR TRAR, 2022, 16
(2): 363-374.

ZHANG Panyue, WANG Qingyan, LIANG Jinsong, et al.
Study progress on chain elongation of anaerobic fermentation
liquid from organic wastes for medium — chain fatty acid
synthesis[ J ]. Chinese Journal of Environmental Engineering,
2022, 16(2) . 363-374.

JOSHI S, ROBLES A, AGUIAR S, et al. The occurrence and
ecology of microbial chain elongation of carboxylates in soils
[J]. The ISME Journal, 2021, 15. 1907-1918.
VARGHESE V K, PODDAR B J, SHAH M P, et al. A com-
prehensive review on current status and future perspectives of

microbial volatile fatty acids production as platform chemicals

11



[49]

[50]

[52]

[54]

[55]

[56]

[58]

[59]

[60]

12

[J]. The Science of the Total Environment,
815 152500.

GROOTSCHOLTEN T I M, STRIK D P B T B, STEINBUSCH
K JJ, et al. Two—stage medium chain fattyacid (MCFA) pro-

2022,

duction from municipal solid waste and ethanol [ J]. Applied
Energy, 2014, 116 223-229.

SHI X D, WU L, WEI W, et al. Insights into the microbiomes
for medium—chain carboxylic acids production from biowastes
through chain elongation[ J].Critical Reviews in Environmental
Science and Technology, 2022, 52(21) ; 3787-3812.

HUO W Z, YE R, SHAO Y C, et al. Insight into the mecha-
nism of CO, to initiate and regulate ethanol—driven chain elon-
gation by microbial community and metabolic analysis [ J].
Journal of Environmental Chemical Engineering, 2023, 11
(5): 110537.

ROGHAIR M, HOOGSTAD T, STRIK D P BT B, et al. Con-
trolling ethanol use in chain elongation by CO, loading rate
[J]. Environmental Science & Technology, 2018, 52(3):
1496-1505.

BHATIA S K, YANG Y H. Microbial production of volatile
fatty acids; Current status and future perspectives[ J]. Reviews
in Environmental Science and Bio/Technology, 2017, 16(2) :
327-345.

R, MU, ALT R, 5. BUE Y BEE IR BRI
FAEYBE R BER TR (], BREE TR SR, 2023, 17
(7): 2099-2108.

WU Qinglian, DENG Lin, REN Weitong, et al. Medium chain
fatty acids biosynthesis from waste biomass by microbial chain
elongation technology [ J]. Chinese Journal of Environmental
Engineering, 2023, 17(7) : 2099-2108.

SONDHI S, KAUR PS, KAUR M. Techno—economic analysis
of bioethanol production from microwave pretreated kitchen
waste[ J]. SN Applied Sciences, 2020, 2(9) ; 1558.

WANG Y F, GUO HX, LIX C, et al. Peracetic acid (PAA)
—based pretreatment effectively improves medium —chain fatty
acids (MCFAs) production from sewage sludge[ J]. Environ-
mental Science and Ecotechnology, 2024, 20, 100355.
ZABED H M, AKTER S, YUN J H, et al. Recent advances in
biological pretreatment of microalgae and lignocellulosic
biomass for biofuel production[ J]. Renewable and Sustainable
Energy Reviews, 2019, 105: 105-128.

WANG X M, LI Z F, ZHOU X Q, et al. Study on the bio—
methane yield and microbial community structure in enzyme
enhanced anaerobic co—digestion of cow manure and corn straw
[ J].Bioresource Technology, 2016, 219 150-157.
MIKULSKI D, KELOSOWSKI G. Microwave—assisted dilute ac-
id pretreatment in bioethanol production from wheat and rye
stillages[ J]. Biomass and Bioenergy, 2020, 136. 105528.
Brvefi, JEeay, WASHE, 5. BRIRES G UL B K RS A
L YR QR RN (1] e 5EY TR, 2013,
30(2) : 83-86.

DUAN Xiaojian, JU Xuehai, ZHANG Changbo, et al. Effect

of pretreatment of alkali combined with acid on ethanol conver-

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

sion rate of cellulose from rice straw[ J]. Chemistry & Bioengi-
neering, 2013, 30(2) : 83-86.

WANG Y, WEI W, DAI X H, et al. Different electron donors
drive the variation in the performance of medium—chain fatty
acid production from waste —activated sludge[ J]. ACS ES&T
Engineering, 2024, 4(3) : 650-659.

FU X D, JIN X, YE R, et al. Nano zero—valent iron; A pH
buffer, electron donor and activator for chain elongation[ J].
Bioresource Technology, 2021, 329 124899.

SAN VALERO P, ABUBACKAR H N, VEIGA M C, et al.
Effect of pH, yeast extract and inorganic carbon on chain elon-
gation for hexanoic acid production[ J]. Bioresource Technolo-
gy, 2020, 300 122659.

ANGENENT L T, RICHTER H, BUCKEL W, et al. Chain
elongation with reactor microbiomes: Open—culture biotechno-
logy to produce biochemicals[ J]. Environmental Science &
Technology, 2016, 50(6) : 2796-2810.

LIU Y H, HE P J, SHAO L M, et al. Significant enhancement
by biochar of caproate production via chain elongation[ J]. Wa-
ter Research, 2017, 119, 150-159.

KUCEK L A, NGUYEN M, ANGENENT L T. Conversion of L
~lactate into n—caproate by a continuously fed reactor microbi-
ome[ J]. Water Research, 2016, 93 163—171.

KUCEK L A, XU J J, NGUYEN M, et al. Waste conversion
into n—caprylate and n—caproate: Resource recovery from wine
lees using anaerobic reactor microbiomes and In-line extraction
[J]. Frontiers in Microbiology, 2016, 7. 1892.

TANG J L, YANG H, PUY H, et al. Caproic acid production
from food waste using indigenous microbiota: Performance and
mechanisms|[ J]. Bioresource Technology, 2023, 387 129687.
WU S L, WEI W, NGO H H, et al. In—situ production of lac-
tate driving the biotransformation of waste activated sludge to
medium—chain fatty acid[ J]. Journal of Environmental Man-
agement, 2023, 345 118524.

YIN Y N, WANG ] L. Medium—chain carboxylates production
by co - fermentation of sewage sludge and macroalgae [ J].
Bioresource Technology, 2022, 347 126718.

TONANZI B, GALLIPOLI A, FRUGIS A, et al. Bio—based
production of medium~—chain carboxylic acids from food waste
and sludge without chemical addition: The pivotal role of mix
ratio and pretreatment [ J]. Journal of Cleaner Production,
2024, 436 140560.

WANG Y, WEI W, WU S L, et al. Zerovalent iron effectively
enhances medium—chain fatty acids production from waste acti-
vated sludge through improving sludge biodegradability and
electron transfer efficiency[ J]. Environmental Science & Tech-
nology, 2020, 54(17): 10904-10915.

WU S L, WEI' W, XU Q X, et al. Revealing the mechanism of
biochar enhancing the production of medium chain fatty acids
from waste activated sludge alkaline fermentation liquor[ J].
ACS ES&T Water, 2021, 1(4): 1014-1024.

LUO T, XU Q, WEI W, et al. Performance and mechanism of

Fe;0, improving biotransformation of waste activated sludge



[75]

[77]

(78]

into liquid high-value products[ J]. Environmental Science &
Technology, 2022, 56(6) : 3658-3668.

REN W T, WU Q L, DENG L, et al. Insights into chain elon-
gation mechanisms of weak electric—field —stimulated continu-
ous caproate biosynthesis: Key enzymes, specific species func-
tions, and microbial collaboration[ J]. ACS ES&T Engineering,
2023, 3(10) : 1649-1660.

ZHANG C S, LING Z H, YANG L, et al. Efficient caproate
production from ethanol and acetate in open culture system
through reinforcement of chain elongation process[ J]. Journal
of Cleaner Production, 2023, 383 135394.

HARROFF L A, LIOTTA J L, BOWMAN D D, et al. Inacti-
vation of ascaris eggs in human fecal material through in situ
production of carboxylic acids[ J]. Environmental Science &
Technology, 2017, 51(17) : 9729-9738.

WEIMER P J, NERDAHL M, BRANDL D J. Production of
medium—chain volatile fatty acids by mixed ruminal microor-
ganisms is enhanced by ethanol in co—culture with Clostridium
kluyveri[ J]. Bioresource Technology, 2015, 175; 97-101.
WASEWAR K L, SHENDE D Z. Reactive extraction of caproic
acid using tri-n—butyl phosphate in hexanol, octanol, and de-

canol[ J]. Journal of Chemical & Engineering Data, 2011, 56

[80]

[81]

[82]

[83]

[84]

(2) . 288-297.

CHOI K, JEON B S, KIM B C, et al. In situ biphasic extrac-
tive fermentation for hexanoic acid production from sucrose by
megasphaera elsdenii NCIMB 702410 [ J ]. Applied Bioch-
emistry and Biotechnology, 2013, 171(5) : 1094-1107.

XU J J, GUZMAN ] J, ANDERSEN S J, et al. In-line and
selective phase separation of medium—chain carboxylic acids
using membrane electrolysis [ J ]. Chemical Communications,
2015, 51(31) : 6847-6850.

CHWIALKOWSKA J, DUBER A, ZAGRODNIK R, et al. Ca-
proic acid production from acid whey via open culture fermen-
tation—Evaluation of the role of electron donors and
downstream processing[ J ]. Bioresource Technology, 2019, 279
74-83.

ANGENENT L T, USACK J G, XU J J, et al. Integrating
electrochemical, biological, physical, and thermochemical
process units to expand the applicability of anaerobic digestion
[J]. Bioresource Technology, 2018, 247 1085-1094.

XU JJ, GUZMAN ] J L, ANGENENT L T. Direct medium-
chain carboxylic acid oil separation from a bioreactor by an
electrodialysis/phase separation cell[ J]. Environmental Scien-

ce & Technology, 2021, 55(1) : 634-644.

13



