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Advances in microalgae — based wastewater treatment and lipid accumulation

ZHU Liyan, QIAO Tengsheng, ZHAO Yongteng, YU Xuya
(Faculty of Life Science and Technology, Kunming University of Science and
Technology, Kunming 650500, China)

Abstract ; The crisis of water resources and the worry about environmental pollution promote the upgrading
of traditional wastewater treatment process. Microalgae can accumulate lots of high value - added
secondary metabolites such as lipids. Microalgae cultivation in wastewater can simultaneously meet the
requirements of obtaining microalgae biomass and wastewater treatment. The characteristic of combining
microalgae cultivation with wastewater treatment was reviewed, and the role of microalgae — based
wastewater treatment processes, including photobioreactors, biofilm — photobioreactors, microalgae —
bacterial consortia, microalgae — microbial fuel cells and coupled plant growth regulators, in improving
the microalgae biological activity, lipid production capacity and wastewater treatment efficiency were
described. In view of the complexity of wastewater composition and the adaptability of microalgae,

innovative microalgae — based wastewater processes and technologies are also needed to achieve higher

wastewater bioremediation efficiency and yield of high value —added products from microalgae.
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UTAFESR , A B A3 1 R A A ol AR i)
e A, FBOK BT H AR A B 50 Sl A
WA= A 35 Bl 22 7= A A LR R B S
JE I AR K, HEUG 223 UK s & SR, B

Wis B HA:2022 - 01 -25;f&E HH#7:2022 - 11 - 17

EEWA : [H% A RBL G 00 H (32160868 )

BB E AT RBRYF(1998) , 2 LI5S A, W5 5 1) S Al
15 3% K AR ( E-mail ) zhuliyan1025@ 163. com,,

SR AN, SR, 1028 S, FE (-l xuya_yu
@ 163. com,

AN A, XF K AR AR N 2 R A Y
W BRI BK A HE R AR — B2
JRALEBESY 9 3 A5 - — G Ak PHE 7R A )
T EAAT  KERIBOK b B DT o ; — A B
M e A 7k 25 BRI K R AT R AR
PR A P SRR AL, R
PR, o 1 IR E]— 2 By 1] K AR v >R A A T
R, H IR — 25 L BR e 1A LTS S A
R PRI T, 2056 T 5
5 BT ACHAF Y L A2 Tk A AR W R R
BRSO AR K () B SE R R AN LT T



106 CHINA OILS AND FATS

2023 Vol. 48 No. 4

Tl Hy T I R U2, WS e R 3R L Y IR
WERE 3 SR, LK BT 7™ A B it 2 9 Jo g 1l
LIRS R R, B IR K A BEBTE T Y AR
ATy I R K P SR B R AR T K Ak
HSAS 5 5 — 51, K R OB R Bt T et 2R AQ
BiAREE, BOK & A FE I E TR, AT LE HE
A, DT e B e A 0 = e R i 7 o AR 3
LA T WO GRS BOK AL BRSSO R A DAKCS
FRCBE IR K AR BE T 25, LAY O 8 o R 7K Ak LA 3
PR e e 1 e 2%
1 REEREEKLAERESHTER

YEREE Yy, OsE SR AL, oA i o
1A, O REIE 6 A 1 4R AL A REEAT 2R KRB
THOBE) IZAFAE T HROK K AR PR IR K S5 25 Rk
I, B R KA K R B E TR I A
B A, Rl 25 BR K A i AL 2 75 i (COD) V&
Z(NH; = N) G5 CTN) RN @ (TP) 25 2 5 3
Py, BB

H R I 5 BOK AL BAR S5 & Je — Fh & 3% 3R
BEA S T 1 ARSI BORE I BE T , fRT AL B A A B
AR, FEARAMOE A W T AR 7 JAR AR K AR B AR | 25
BRi5 oLy, flidE 1B AR CO, 55807 i HA 1 2
PAL2 R SR LA [ AL [ A A TR
DURITENLE AL & 4 & VRSN B 0 &
AL FRE ) ol AR B B AT T A OK AL A& 6
F RS R IME = o B M TS
TR ED) e A D I 2 i (— B 20% ~
70% ,F3) ", HLAsEI AR R 2 2 R 2
A RIFRJERTR S = RE Sl 5o, 2259
YA T AL R 3 ER ORI A A e o R R K
PRSI A A B BRAN B AR IR 2, T AR T i
R S K A AR A2

A EAL B K B4 G 7 i K e A i 5
PRIK B A, 207 12 2 A T i B Al A T
Ml AR SN [ S T 1 K AR B2 AR K
PFREEA 2%, o A RE ) AT 2 X e A R A
PR AR, 2R E KRG8 B A0 T [
R Ay =t A = . 5 B B K A ok
AR, H AT 5 08 £ R K o 8 P 1) 5 L7
WA OB T S YL 5 Ik IS 1 S
AMLRER PR A 1, b RE IR 52 AN [R] 28 T PR 7K I 3R 355
PR A2 1k 5 %o R 7K HEA T A0t B e 43 3 K S 3
PRI, e K Sk IR &Y R ik )y
TEBCHE , OB AE DS TR IR = R AR, 18

LGN R EE R IR Tk B S e B e = 4
PR R KA B Z %
2 WEEEKDHERIE
21 ¥—IT¥—hAHEBE

TEMOHE B R R R P, LY RN A
( Photobioreactor , PBR ) Fr)feft FiJ e 42 il i1 s 00 4 386 A=
PEARE R AR, 5 2 3 T IO 1 B K Ak 1
H AR I A BRI

PBR 73y H U P 2 2 28 HHil PBR 32
8 ST OR1E R W 1 e L S i S 7 N
LT RS F2AK 2 5 B 2 PBR 43 2L
L, G R R R, 32 T S 8 AN
1, Nz . B2 PBR &K G i S T8
W HERE B4R 5 9 4 e o, T MR A 1 e
PR AT TR, LR 0 o A 4 o 7
e ARG A PBR R — A=A AR
G5, WM N B3R 1A 20, A 5 % €O, 1
255 1) . B4h, PBR B AN 455137,
LY SE AL

CO,. ﬁiﬁuq

s
o
B U

— I
o

ERvs

Jal Jal

-
-
Q- ot
- -
- (o]
- Q Q
w O O [

e

1 fEgEAX PBRREE

PBR P 2 K Ab BEACR 1) R N R A
FRRREE SR PBR (9T, Tasimone 25 7E
PBR Hiff 5T 1 ' HE 5 o A 388 A B T IR UK B R
M, & PRAE G IESR Ky 20 .50 wmol/ (s + m*) Fl 100
pmol/ (s« m™) B, A [ B4 855 37 B 10] P9, it 25 16 HR 3R
BER R 5, SR AR ) ™ i I & AR NH - N
FBRERANB G I, e i 6 A TS PR 9 . 1T Han
SR B, IO NG AN B ' R
(1) 14 5 TS TR N, FE SR B G RN 5, S BEGR JE 4k
SR IN 2 T OV AN M b T AR R T A
A Ve, Rani %7078 PBR 2% 88 1 5 SR04 16
JRIKF/NEREE Chlorella sorokiniana Y520, & BRG/
W I 24 h/0 h B ZNBREE ) B R AR A T o R
1.31 g/L, J&E6/mEJE 1 12 h/12 h 4cF T 1l 1. 25

(o]
€ ¢ o



2023 4F: 45 48 15 5 4 4] i ok 107
fi [ TN TP R BRAR kB s, LG IRRIF 2.2.2 Bl — Al e

WG TR AR Y A= 7 BE ) AR K A B S 55
#, Cheah 251 BIFSE 22 B, 16 HH RS TR B AR B 1
WERE G OGPE B AR BB B PBR P HI/NEREE Chlorella
sorokiniana CY — 1 b BEREAEM ) A9 R K, 2B ¥ Ji P
G &R AR 5. 74 ¢/ L 14.43% AR B
I PBR 2334800 2. 3 ffF0 2.9 4%, N MR T PBR
KA COD TN 2 BR AW B HS i) PBR A fT ik
=, A3 ik F] 93.7% \98. 6% , [iRAREN] &
FROE RGR FE O S 3 A & se it 19 PBR, A # T 1%
BAERFNM IR A, BA B THROKAEMESE

PBR [ F A0S T 2k KT 45, HAA BUR
R 24 RS , L AT 38 e 9 75 ' R i J32 45 PR 2R ) Tl
R EHEAT A . BtG 3 PBR A B T30
AW RRRR ) HE R R KB SRR {H PBR iz
P A= o
2.2 £/RILE
2.2.1 YR - e RO AR

TEAZ I — S6AE ) B g B SR R v, e 4
JHL BT TR A ) ST AR K TR AR I, B A W
R TR A KBS | AT B eid s AL 7 v )
PRI 2, TR 46 T v B0 7= 0 B SR ML R
I8 T A

AH TR i A2, e i AR P [ e A e ]
PAERERMANRE G Y, AT R AL E BRI S 45 6 6 A
SUGYIRRGE A AL A SR T LA A
SR R R i A W T, A R T
BRI 7K A48 52 FNRGEE A 00 Jo K s R I 4 A AR
R Wu SV AR I — S R B Nk
Chlorella vulgaris UTEX2714 QbPRBEFEIE K, K E
Kk COD, TP, TN FI NH, - N 2 [ % 5 5] Ky
95.67% .64.40% .69.55% 1 91.24% , 355 T BT
X BRLH , SE T 2SI K TR BE AL, 53 A AR R
MR EE A P REIRF] 5. 65 o/L, BT A A 1Y
22.6 ff, T REER ST IT I, R 2 TR K
MRE S AR5, I BE B % /N ERBE X B2 K Hh 75 G Y 2%
R i, /N sk bl iR & R ik 32.7%

AR — SGA ) O A b SRR K OR IR
BB ) B A P B S A4 23 R R s A AR B AN
St BEAK AR BRAICR ST Al i 3R AL AS [ 3R
B e 0 AR BN AR R — DA W B s Tl
BACPR K A AR R R 0 2 R, teAh, BT
YN = S6A= SO s i Ml A I TR 3 A FR , 1 5 %
B REM ARG YD 1 & R B TSR 2T AT AT
PEIIHT

TR T R T AN [R) 2R B A R K A B
BAE P /K A e A v, 0 R A T 4 RS 9 T 2
R G0 L Sl ot S BAL

TE IR K AL B b A e 5 A i e A5G &R, ]
FER TR L BRRCR MR Y T 3 o A
MK R E SR B TS AR R BT, JF
T T e A R A B B IR A LA B O, T A T
SEACA LYY B O A AR R 1) CO,, H
SEPUBCHEANAN 1 B AR R (R A 1 2
[F1) Ay DI 1 P L B B R AL S B A o e AT
B0 20 TR HORGE,H, DR 37 20 TR 56 52 AN I PR 58 25 4 1Y
1= F, I B A A W ok £ E Al R AR
K70, Mandal  ZY BF 5T AE S, AT OB M
Amphidinium carterae ;=4 F MR -G, U2 LA
FHIZIHE , AT 5 H /N 2 JO A B Bacillus pumilus 1)
A ANTEERHE TR KT AP AR A R
b EEFROTR , A R BRI (e B = %
PF A SR DR R ) 20
Ll B SR T P, intestinalis WA3 5 8} A= DU 4
Tetradesmus obliquus AARL G022 7E VR & Ik 7K A M 5%
It BRI — 2 A A BRI A AT K s
P2 6R , OF B R A 951 - 3 — ZRFIH IR
Pt T iReEEAE K IR U™ i 2 25. 09 mg/ (L - d),
Je A RO X BRZH A9 1. 55 A (ERGE - 3L
BFRRGeh o — AN L0 B K AL BRACR A —
SER I, K B MESE Ochromonas sp. Fil
K B T e 5 D A B AR R K, DA A 380 3 TR I
HELC R 123 FEf B R PRG3R 8 d, kb COD
TN TP £ 5ik 75. 67% 35. 19% F11 90. 2% ,
BT AR R AR IR R o Leong % TG 15
PeAE o AR PR 55 /N BREEIL B SR AL s BUKK, K
PRBEAE W) RO R EL ) I 25% 35 i 2= 100% , TN
FBRM(43.95 +1.47) % B inZE (97.58 +0.26) % ,
WS VR AL A2 1 NO, — N R NO; - N il fil
B A R AR AR, o ol 2 W T b i 7
ST S 10 0,75 1 M = s
130 mg/L. f - A IHE IR RGE AR RESh A AT A
AL BN S AR K

BEAR N TE R Y V£ Y0 [R] A B T A0 52 20
IO AR S i AR R e — 4 T LU (0 42 s B K 1B A2
RO FIHEE R R R B A E 2 (EAER L
BE - LR SR RGN IR OGRS S
20 R 1] 1) R 1 A8 A EL A T 25 T RE S BB R R 48

Kumsiri



108 CHINA OILS AND FATS

2023 Vol. 48 No. 4

AFE o WP AR BRI E 2 TG
FE& R R AT [R] s 0 7K A 3R A GCEE Tl i AR
PRI IR RGEA Rt — 2B
2.2.3 (U MR H

e R Bk A= W kB H Tt ( Microalgae — microbial
fuel cell,M — MFC) R LA 202 B 5 /K A i &L B
[ £ = s T IR AR R . M= MFC A] DA gieAly it 5
BT AR S SR 2 =k 3 sl OB AL 4 T Al e
TE M = MFC Hral 74 BRAR IS 9 A= 9 B 5 A 4 1]
Wil AN Jrp AR FL 12 1 S
DARCBEAE A B B XU 28 M - MFC (ILIEL 2) o PR
Wb T A SR A SE, A0 TR IR K R A L Y A e e
b HLRE , AT AR COD 7= A= it i 7, FL T
IR 3t SIS R B IAT [0 A, S5 5 a1 A 4 R B ik
B IT 518 550 (O, ) S A= % H, 0, 7E M - MFC
B b, R GOBE 0 3222 B 2 77 2E O, JF 4 HRE
AT 15 IS8 P i R LA e S D S [ 2 WA U
-5 AR AL %) S Ak B g AR 45 G LA 2R AR 0 v, ol
TAERIRR G B SORMEN O, , TR ARG IR K Ak it
Ferft M - MFC (R E A Y 56580 R K it
AL, M - MFC L3445 : O M = MFC 1 [g]
WCICRE = s 5 e, an A B il B S TE OGS AR
i, U S R R A5 2 s AR o, O B A KRS
JR K FPE SR B RIS P ) 0% R 5 A AL B R
FIH CO, s OWEEE A ME 28 O, , FIVE B H iy
HL 320 @R BL T AT FEAE AR IR & 1 B A= Rk A=
PR

' 7w o
BH#R L
conzif b cof - -
co =t S 7’ ¢ (63
R T
; E ——> Rl
coD
,t T B
K A—if> s a NLEE N N ko
(EFCODRIHEFYIR M HEK ) T (AT, AR BTEF ] FH K bR i)
R A

2 WHRZEM-MFC EEREE

Nayak %' 5% I 43, J6 7 PBR ] Al ot
Scenedesmus abundans AL 24 )% 7K , COD \ TN . TP
AR L BRI B 9 (77 £3) % ((82.0 £0.5) % |
(65.9 £0.4) % IR & &R 42% R IGHEL A UE
Yy B £l H, #th ( Photosynthetic microbial fuel cell,
PMFC) thiff — 2 4b 3, COD TN | TP & 2 R %53 il
REH 97.24% 97.12% F193.71% , il -& 3 hn
$45% . Yang 5 JF K T —Fp PMFC 3k 58 i 8%

LGN R AN L SN RS R ST & =0
TSR, 2 98% WSpk BB, TN L%
9 88. 6% , il ig & EAAF] 32. 2% , 1E 7 — TS
H, Yang %O BEA PIBES A M - MFC oy oy
T RCBE A W B A B RE R (An algae biofilm
microbial fuel cell, ABMFC) ,i% &5 Lb B FH A= 4
R A AR H o B AT 5 1 95 e ) R R S
NEF= it o S8 A W R AR D T S
A7 R 20 T 2 ] ) AN I S o TR S B b T v B
BAEYINES M - MFC (3 F ik o] A0 il T M -
MFC K% Sz 4738 B s A P i 2 A

M — MFC 4 KRR AT 52 31 F AR A F
FEAIIRR A o AE RS e A P B AR A S
A PR 0K S A AT B U ISR A 1 O XA
B R
2.2.4 MG MY AR

T &R (Phytohormone ) & —F {5 57y 7, K
SRFFAE TR, RE LAV BE R A A 1
BT, AT R A A R R B A B
A A K 87577 ( Plant growth regulator) J& A T4
B A YR S P HE A K T BA
TR =Y BT, HAE RO A 1 AR A7 A
e W% i B 58 T 52 45 5 T RE A HE U B9 9 AR
FA'S ", Zhao 25" B ST KB, FE R RSB KA FE R
SMEREY) AT G -3 - PR (TAA) (AR
(ZT) Fh = 2R 26 [ ( Br) A 78 0T LLZERR I8 )
R AR, I 2 e X J A Y R R . )
A FEGAE ) A A TR T A0 0T fE R K A B Y [ B
R B 0y I A B LA U VE . Liu 250
LRI, MUP PE K ( Brewery effluent, BE) 4 5 1 4
AR 1 - 28 Z R (NAA) af 42 5 Coccomyxa
subellipsoidea HITNE & & (151K 54.56% ) , B0 HHZH,
(B—BE) 4w 1 1. 57 %, R Ay g A 2 ] 1 A
T BE #i5 NAA Mg SR 5 T KA I8 B =R IR
IFURE A iR A2 1 SRR A AR BT R 1,
TIAh FEW T R TN TP 25 B 28 18 1 T X B4
SR NAA BYBSINGE = 1 e 2R Wy B AR SR IR R 1
VK H TG e ) i fr Bk, Dong 251 7 B B B K
(Molasses wastewater, MW ) IR 2, B &R 5
T B Monoraphidium sp. FXY —10 fiNAR & &,
AR 75 5 IR fmi A 68. 69% , Xt HA 21 (A VS i i 2
)M 115 %, [A i, COD TN TP 2 [ 5 43 5 2
92.33% \90.07% #11 86.04% , I Lo X RELH /357 #2185
T 10.79% 13.38% F110.81% . Qiao Z£'® 7 MW
SIS , G0 Y I g % Bk F] 59. 96% , COD |



2023 4 55 48 15 55 4 1] T

i g 109

TN . TP B9 EBRE 558 91.64% 79% F1 57.36% ,
FHEEXT L CORUS LR ) o 2 B v, Xl g il
SN HE A IR R T OB A R K R 4 A B
W, S TR G R

S HEL A R 70 D 34 5 A K A BRASCR A
Bl AR R Rt T — Bl oA RCE R PR SRS, O AE
JRK A B SR A AR AR B R wl DL b
PRSEAS TRCE A7, T I o 0K J82 7K Ak B A A R
AEPEIRSAS o F R AR A R 1 50 T ok
IKAL B S AR W& AR S & AT S R, A

FRRABIE.
3% &

S EGER IR AL BEAH L, 56T Hose i Bk Ab 21T
ZHRARFNS R AT 5 KA BAR A 0
PERUR BT A (HACBEAL PR 7K B A7 A — L6 ] i
FRIBRYE . A1 B K B AT AN W) 5 1800, IR K
153 CHREYIIR) T RES R MR A 1) 2E 1 Bk
B[R] I 0 32 U B R K e B2 SR R o BT IR
KB 2 PE RV A& L, Anfig ise3t as 47 AL ik
XU T ZRHAE R WM I K. BRARE A S
WFSEIEN] 1 ROK AP iR i A= e 5 e (B GR 702
e et R R WA i 1N X S/ S
PERE S B rIA TR RES A T AR, 38k, K
B L s, R T AT A T —20HOR  HR
Wi ATy 2 A BN A L2 h e 25 A
PR B BBV A, AR B R e 5k

BE T BE I P2 K AL 3 T2 A B S bR i o
K KA BE BCBEER IR 5 L S A P 2 5 2R
Pk il WA P 22 5 e 4 AR LTS ) SR o (ELJE
TR S A = A LA b AR T 2 i, 3 7 A
Z W LLBIE BOK MO AR L Z 580K, 845 @
RIS T 2R K i LR GGEE , dn i Ak 2 75 78
7 ik G TR A BIE A T AR K R R TE]
AL, BRI 5 52 7 1 ek s QTFAL 3 2R
L) AR5 A 05 e < P SR
MR R IR AR, Xof K Rt AR K K IR AR
IR ; QR AF] TEEAREKRA A FH R
PR AE K R TG 1 AR B iR o, S BRT R
FHARIR s @A s 2 WAy Tt S T B, 205
7 TR Z UL AT BCBE RS BB K AR i E ML o ol e
IEBA AR KB GEIRAC M o
S 3k
(1] A0ulE, AREESC, 555, % L) R E R

SR G E R S S KSR (], R, 2015

(3): 728 -732.

[2] MA C, WEN H, XING D, et al. Molasses wastewater
treatment and lipid production at low temperature conditions
by a microalgal mutant Scenedesmus sp. Z —4 []J/OL].
Biotechnol Biofuels, 2017, 10. 111[2022 - 01 - 25].
https ://doi. org/10. 1186/s13068 — 017 - 0797 —x.

[3] ESFAHANI N R, MOBAREKEH M N, HOODAJI M.

[

Effect of grit chamber configuration on particle removal;
using response surface method[J]. J Membr Sep Technol,
2018, 7. 12 - 16.

[4] CARMALIN S A, LIMA E C. Removal of emerging

[

contaminants from the environment by adsorption [ J ].
Ecotox Environ Safe, 2017, 150; 1 -17.

[5] CHOI'S, YOOM H, SON H, et al. Removal efficiency of

[

organic micropollutants in successive wastewater treatment
steps in a full — scale wastewater treatment plant; bench —
scale application of tertiary treatment processes to improve
removal of organic micropollutants persisting after secondary
treatment [ J/OL ]. Chemosphere, 2022, 288 132629
[2022 - 01 - 25]. https://doi. org/10. 1016/].
chemosphere. 2021. 132629.

[6] ARZATE S, PFISTER S,

[

OBERSCHELP C, et al
Environmental impacts of an advanced oxidation process as
tertiary treatment in a wastewater treatment plant[ J/OL].
Sci Total Environ, 2019, 694. 133572[2022 - 01 -25].
https : //doi. org/10. 1016/j. scitotenv. 2019. 07. 378.

[7] ZHANG Q, YU Z, ZHU L, et al. Vertical — algal — biofilm
enhanced raceway pond for cost — effective wastewater
treatment and value — added products production [ J].
Water Res, 2018, 139(1) . 144 - 157.

[8] SINGH V, MISHRA V. Exploring the effects of different
combinations of predictor variables for the treatment of
wastewater by microalgae and biomass production [ J ].
Biochem Eng J, 2021, 174108 - 129.

[9] PIRES J C, ALVIM - FERRAZ M C, MARTINS F G, et

[

al. Wastewater treatment to enhance the economic viability
of microalgae culture [ J]. Environ Sci Pollut Res Int,
2013, 20(8) : 5096 - 5105.

[10] NIGAM P S, SINGH A. Production of liquid biofuels from
renewable resources[ J]. Prog Energ Combust Sci, 2011,
37(1): 52 -68.

[11] GULDHE A, KUMARI S, RAMANNA L, et al.

Prospects, recent advancements and challenges of
different wastewater streams for microalgal cultivation
[J]. J Environ Manage, 2017, 203 299 -315.

[12] YANG Z, PEI H, HOU Q, et al. Algal biofilm — assisted
microbial fuel cell to enhance domestic wastewater
treatment; nutrient, organics removal and bioenergy

production[ J]. Chem Eng J, 2018, 332 277 —285.
[13] DANESHVAR E, ZARRINMEHR M J, HASHTJIN A M,



110

CHINA OILS AND FATS

2023 Vol. 48 No. 4

[14]

[15]

[16

(-

[17]

[18]

[19]

[20]

[21

[

[22]

(23]

[24

[

[25]

Versatile applications of freshwater and marine
lipid

Bioresour

et al.
water microalgae in dairy wastewater treatment,
extraction and tetracycline biosorption[ J].
Technol, 2018, 268; 523 -530.
MOLAZADEH M, DANESH S, AHMADZADEH H, et
al. Influence of CO, concentration and N: P ratio on
Chlorella vulgaris — assisted nutrient bioremediation, CO,
biofixation and biomass production in a lagoon treatment
plant[ J]. J Taiwan Inst Chem Eng, 2019, 96 114 - 120.
LA, JEF, S, 45 Wd/ NEREE SRIE 5K
R BRI R RCRDFSE [T ], AW BEU, 2017, 39(3) .
204 -210.

VAN, B, X, A5 BT RROK IR o S
WM A a5 L)) BC T, 2021, 41(4):

48 -51.

GUPTA S K, KUMAR M, GULDHE A, et al. Design and
development  of polyamine polymer for harvesting
microalgae for biofuels production [ J].
Manage, 2014, 85:537 —544.

DANQUAH M K, GLADMAN B, MOHEIMANI N, et al.

Energ Convers

Microalgal growth characteristics and subsequent influence
on dewatering efficiency[ J]. Chem Eng J, 2009, 151(1/
2/3): 73 -78.

JIANG L, LUO S, FAN X,

production

et al. Biomass and lipid
using municipal

Appl

of marine microalgae
wastewater and high concentration of CO, [ J].
Energ, 2011, 88(10) : 3336 —3341.

JIANG L, PEI H, HU W, et al. Biomass production and
nutrient assimilation by a novel microalga, Monoraphidium
sp. SDEC —17, cultivated in a high — ammonia wastewater
[J]. Energ Convers Manage, 2016, 123 423 —430.
DIANURSANTI, RIZKYTATA B T, GUMELAR M T, et
al. Industrial tofu wastewater as a cultivation medium of
microalgae Chlorella vulgaris[J]. Energ Procedia, 2014,
47(1) . 56 -61.

GULDHE A, ANSARI F A, SINGH P, et al. Heterotrophic
cultivation of microalgae using aquaculture wastewater: a
biorefinery concept for biomass production and nutrient
remediation[ J]. Ecol Eng, 2017, 99. 47 -53.

GOUR R S, GARLAPATI V K, KANT A. Effect of
salinity stress on lipid accumulation in Scenedesmus sp.
and Chlorella sp. :
Curr Microbiol, 2020, 77(5) . 779 -785.

PEI H, JIANG L. Mixing seawater with a little wastewater
Trends

feasibility of stepwise culturing[ ] ].

to produce bioenergy from limnetic algae [ J].
Biotechnol, 2018, 36(5) : 480 —483.

P, EMEEL, K&, 5. AP RO /N R A )
AR AT A A e R R P [T ). 3R 8E TRE 22 4R,
2018, 12(2) : 670 - 676.

(26]

(27]

(28]

(29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

RO, 1837, T, 45 WSO e g B 7R i
PERGROLABIFELT]. AP T, 2021(6) :94 -95.
POSTEN C. Design principles of photo — bioreactors for
cultivation of microalgae[ J]. Eng Life Sci, 2010, 9(3) :
165 -177.

TASIMONE F, PANICO A, DE FELICE V, et al. Effect
of light intensity and nutrients supply on microalgae
cultivated in urban wastewater; biomass production, lipids
accumulation and settleability characteristics [ J ]. J
Environ Manage, 2018, 223, 1078 - 1085.

HAN W, JIN W B, DING W Q, et al. Effects of nutrient
composition, lighting conditions, and metal ions on the
growth and lipid yield of the high — lipid - yielding
(' Chlorella
municipal wastewater [ J/OL ].
2021, 9(6): 106491 [ 2022 - 01 - 25].
org/10. 1016/]j. jece. 2021. 106491.

RANI S, OJHA C. Chlorella sorokiniana for integrated

microalgae pyrenoidosa )  cultivated in
J Environ Chem Eng,

https : //doi.

wastewater treatment, biomass accumulation and value —

added product estimation under varying photoperiod
J Water Process

https ://doi.

regimes; a comparative study [ J/OL].
Eng, 2021, 39:101889[ 2022 - 01 -25].
org/10. 1016/j. jwpe. 2020. 101889.

CHEAH W Y, SHOW P L, YAPY ],

microalga Chlorella sorokiniana CY -1 biomass and lipid

et al. Enhancing

production in palm oil mill effluent (POME) using novel —
designed photobioreactor [ J ]. Bioengineered, 2020, 11
(1):61-69.

ZHANG L., CHEN L, WANG J, et al. Attached cultivation
for improving the biomass productivity of Spirulina platensis
[J]. Bioresour Technol, 2015, 181(1) . 136 —142.
AHLUWALIA S S, GOYAL D. Microbial and plant derived
biomass for removal of heavy metals from wastewater [ J ].
Bioresour Technol, 2007, 98(12) ; 2243 —2257.

HUANG Y, XIONG W, LIAO Q,

et al. Comparison of

Chlorella  wvulgaris biomass productivity cultivated in

biofilm and suspension from the aspect of light
transmission and microalgae affinity to carbon dioxide[ J].
Bioresour Technol, 2016, 222. 367 —373.

WU X, CEN Q, MIN A,

et al. A novel algal biofilm

photobioreactor for efficient hog manure wastewater
utilization and treatment [ J/OL ].
2019, 292, 121925[2022 - 01 -25]. https://doi. org/
10. 1016/j. biortech. 2019. 121925.

FRETR, BMSE, XUREE, 45 MBI RERE SR/ N ER
SRR K I BCR [T ], BREERES, 2017, 38
(8): 3354 -3361.

. EUMCHR A IR R SR AR Tl K AR
MR ID]. AL LRk, 2021

Bioresour Technol



2023 4F 5 48 45 55 4 W T i g 111
[38] FOUILLAND E. Biodiversity as a tool for waste [49] CHRISTWARDANA M, HADIYANTO H, MOTTO S A,
phycoremediation and biomass production [ J ]. Rev et al. Performance evaluation of yeast — assisted

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Environ Sci Bio/Technol, 2012, 11(1) . 1 -4.
PRELT. BRI R AL BIYS K S P ilis & A w0 20
WFFELD]. Kt KHER:, 2019.

ZHANG B, LENS P N L., SHI W, et al. Enhancement of
aerobic granulation and nutrient removal by an algal —
bacterial consortium in a lab — scale photobioreactor[ J ].
Chem Eng J, 2018, 334, 2373 -2382.

MANDAL S K, SINGH R P, PATEL V. Isolation and
characterization of exopolysaccharide secreted by a toxic
dinoflagellate, Amphidinium carterae Hulburt 1957 and its
probable role in harmful algal blooms ( HABs) [ J].
Microb Ecol, 2011, 62(3) . 518 -527.
SUBASHCHANDRABOSE S R, RAMAKRISHNAN B,
MEGHARAJ M, et al. Consortia of cyanobacteria/
microalgae and bacteria; biotechnological potential [ J].
Biotechnol Adv, 2011, 29(6) : 896 —907.
DAO G H, WU G X, WANG X X, et al.

microalgae growth through stimulated secretion of indole

Enhanced

acetic acid by symbiotic bacteria[ J]. Algal Res, 2018,
33: 345 -351.

KUMSIRI B, PEKKOH J, PATHOM - AREE W, et al.
Enhanced production of microalgal biomass and lipid as an
environmentally  friendly  biodiesel ~feedstock  through
actinomycete co — culture in biogas digestate effluent [ J/
OL]. Bioresour Technol, 2021, 337. 1254462022 - 01 —
257]. https://doi. org/10. 1016/j. biortech. 2021. 125446.
SR, PREEER, AR, 4. WRIVEMR R @S L
XEARBK AL BACR [T ], BlesfoR 5 TR, 2021,
21(3); 1211 - 1216.

LEONG W H, LIM J W, JULAM M K, et al. Co -
cultivation of activated sludge and microalgae for the
simultaneous enhancements of nitrogen — rich wastewater
bioremediation and lipid production [ J]. J Taiwan Inst
Chem Eng, 2018, 87. 216 -224.

YADAV G, SHARMA I, GHANGREKAR M, et al. A
live bio — cathode to enhance power output steered by
bacteria — microalgae synergistic metabolism in microbial
fuel cell[ J/OL]. J Power Sources, 2019, 449 . 227560
[2022 - 01 - 25]. https://doi. org/10. 1016/].
jpowsour. 2019. 227560.

NOOKWAM K, CHEIRSILP B, MANEECHOTE W, et
al. Microbial fuel cells with photosynthetic — cathodic
chamber in vertical cascade for integrated bioelectricity,
biodiesel feedstock production and wastewater treatment
[J/OL]. Bioresour Technol, 2022, 346. 126559[ 2022 —
01 = 25]. https://doi. org/10. 1016/]j. biortech. 2021.

126559.

[50]

[51]

[52]

[53]

[55]

[56]

[57]

microalgal microbial fuel cells on bioremediation of
electricity generation and
microalgae biomass production [ J/OL ].
Bioenerg, 2020, 139 105617 [ 2022 - 01 - 25].
https ://doi. org/10. 1016/j. biombioe. 2020. 105617.

HOU Q, CHENG J, NIE C, et al. Features of Golenkinia

cafeteria wastewater for

Biomass

sp. and microbial fuel cells used for the treatment of
anaerobically digested effluent from kitchen waste at
different dilutions [ J]. Bioresour Technol, 2017, 240.
130 - 136.

LI M, ZHOU M, LUO J, et al. Carbon dioxide sequestration
accompanied by bioenergy generation using a bubbling — type
photosynthetic algae microbial fuel cell [ J ]. Bioresour
Technol, 2019, 280. 95 —103.

BANSAL A, SHINDE O, SARKAR S. Industrial wastewater
treatment using phycoremediation technologies and co —
production of value —added products[ J/OL]. J Bioremediat
Biodegrad, 2018, 9(1) : 10004282022 —01 -25]. https://
doi. org/10.4172/2155 —6199. 1000428.

ENAMALA M K, DIXIT R, TANGELLAPALLY A, et
al. Photosynthetic microorganisms ( algae ) mediated
bioelectricity generation in microbial fuel cell: concise
review [ J/OL ]. Environ Technol Innov, 2020, 19.
1009592022 - 01 —25]. https://doi. org/10. 1016/]j.
eti. 2020. 100959.

NAYAK J K, GHOSH U K. Post treatment of microalgae
treated pharmaceutical ~wastewater in photosynthetic
microbial fuel cell (PMFC) and biodiesel production[ J/
OL]. Biomass Bioenerg, 2019, 131 105415 [ 2022 -
01 -25]. https://doi. org/10. 1016/j. biombioe. 2019.
105415.

YANG Z, ZHANG L, NIE C, et al.

chambers sharing an algal raceway pond to establish a

Multiple anodic

photosynthetic microbial fuel cell stack: voltage boosting
accompany wastewater treatment [ J/OL ]. Water Res,
2019, 164. 114955[2022 - 01 - 25]. https://doi. org/
10. 1016/j. watres. 2019. 114955.
SALAMAES, KABRA A N, JI M K, et al
Enhancement of microalgae growth and fatty acid content
under the influence of phytohormones [ J]. Bioresour
Technol, 2014, 172, 97 - 103.

JUSOH M, LOH S H, CHUAH T S, et al. Elucidating
the role of jasmonic acid in oil accumulation, fatty acid
composition and gene expression in Chlorella vulgaris
(Trebouxiophyceae) during early stationary growth phase

[J]. Algal Res, 2015, 9. 14 -20.
(T#% 118 M)



118

CHINA OILS AND FATS

2023 Vol. 48 No. 4

[18]

2011, 25(3) :315 —-324.

GUIMARAES DRUMMOND E SILVA F, MIRALLES B,
HERNANDEZ — LEDESMA B, et al. Influence of protein —
phenolic complex on the antioxidant capacity of flaxseed
(Linum usitatissimum L. ) products [ J]. J Agric Food

Chem, 2017, 65(4) :800 — 809.

[19] KOTECKA - MAJCHRZAK K, SUMARA A, FORNAL

(20]

(21]

(22]

[23]

E, et al. Oilseed proteins — properties and application as
a food ingredient[ J]. Trends Food Sci Technol, 2020,
106:160 - 170.

YAN C, ZHOU Z. Walnut
influence the extraction and structural properties of walnut
protein isolates [ J/OL]. Food Res Int, 2021, 141.
110163[2022 - 03 - 05]. https://doi. org/10. 1016/].
foodres. 2021. 110163.

REGUEIRO J, SANCHEZ — GONZALEZ C, VALLVERDU —
QUERALT A, et al. Comprehensive identification of walnut
polyphenols by liquid chromatography coupled to linear ion
Food Chem, 2014,

pellicle phenolics greatly

trap — orbitrap mass spectrometry [ J ].
152340 - 348.

DAY L. Proteins from land plants — potential resources
for human nutrition and food security [ J]. Trends Food
Sci Technol, 2013, 32(1) :25 -42.

DAI T, CHEN J, MCCLEMENTS D J, et al. Protein —
polyphenol interactions enhance the antioxidant capacity of
phenolics; analysis of rice glutelin — procyanidin dimer
interactions| J]. Food Funct, 2019, 10(2) :765 —774.

(24]

[25]

[26]

[27]

(28]

(29]

ALU'DATT M H, RABABAH T, ALHAMAD M N, et al.
Occurrence, types, properties and interactions of phenolic
compounds with other food constituents in oil — bearing plants
[J]. Crit Rev Food Sci, 2018, 58(18) :3209 —3218.

Z0U Y, WU C, MA C, et al. Interactions of grape seed
procyanidins with soy protein isolate; contributing
antioxidant and stability properties[ J/OL]. LWT - Food
Sci Technol, 2019, 115. 108465 [ 2022 - 03 - 05 ].
https://doi. org/10. 1016/]. Iwt. 2019. 108465.

MAO X, HUA Y. Chemical composition, molecular
weight distribution, secondary structure and effect of NaCl
on functional properties of walnut ( Juglans regia L.)
protein isolates and concentrates[ J]. J Food Sci Technol,
2014, 51(8) ;1473 —1482.

SUI X, SUN H, QI B, et al.

conformational changes to soy proteins accompanying

Functional and

anthocyanins; focus on covalent and non - covalent
interactions| J]. Food Chem, 2018, 245.871 —878.
ZHOU S, LIN Y, XU X, et al. Effect of non — covalent
and covalent complexation of ( — ) - epigallocatechin
gallate with soybean protein isolate on protein structure
and in vitro digestion characteristics[ J/OL]. Food Chem,
2020, 309125718 [ 2022 - 03 - 05 ]. https://doi. org/
10. 1016/j. foodchem. 2019. 125718.

KANAKIS C D, HASNI I, BOURASSA P, et al. Milk g8 -
lactoglobulin complexes with tea polyphenols [ J]. Food
Chem, 2011, 127(3) .1046 - 1055.

(b5 111 )

(58]

[59]

[60]

SARABI V, ARJMAND - GHAJUR E. Exogenous plant
growth regulators/plant growth promoting bacteria roles in
mitigating water — deficit stress on chicory ( Cichorium
pumilum Jacq. ) at a physiological level [ J/OL]. Agric
Water Manage, 2021, 245. 1064392022 - 01 - 25].
https ://doi. org/10. 1016/]j. agwat. 2020. 106439.

YOON A, OH H E, KIM S Y, et al. Plant growth
regulators and rooting substrates affect growth and
development of Salix koriyanagi cuttings [ J/OL ].
Rhizosphere, 2021, 20. 100437 [ 2022 - 01 - 25].
https ://doi. org/10. 1016/]. rhisph. 2021. 100437.

ZHAO P, WANG Y, LIN Z, et al. The alleviative effect
of exogenous phytohormones on the growth, physiology
and gene expression of Tetraselmis cordiformis under high

Bioresour Technol, 2019,

ammonia — nitrogen stress[ J |.

[61]

[62]

[63]

282, 339 —347.
LIU T, LUO F, WANG Z, et al. The enhanced biomass
and lipid accumulation in Coccomyxa subellipsoidea with
an integrated treatment strategy initiated by brewery
effluent and phytohormones [ J/OL]. World J Microbiol
Biotechnol, 2018, 34 (2). 25[2021 - 01 - 25].
https : //doi. org/10. 1007/s11274 - 018 - 2408 - 9.

DONG X, ZHAO Y, LI T, et al. Enhancement of lipid
production and nutrient removal of Monoraphidium sp. FXY —
10 by combined melatonin and molasses wastewater treatment
[J]. J Taiwan Inst Chem Eng, 2019, 99 123 —131.

QIAO T, ZHAO Y, HAN B,

promotes lipid production and nutrients removal by

et al. Myo - inositol

microalga under molasses wastewater[ J]. Renew Energ,

2021, 172 327 - 335.



