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k1R B B T B2 %155 Monoraphidium sp. QLZ-3 &35 F=iH A5
BHEW ', WaM’, FEXY, FELS, EWH°
'ZHEE LM, = BY 650111

P A E AR AR M RIS EIST, 58 BP 650223
R TR AR SRR, 8 BP 650500

BE. [ BW ] RS HRBURK (walnut shell extracts, WSE)XF FL4] 8 Monoraphidium sp. QLZ-34: Kl
IR RN . [ Ik ] 1BG-11 7B AP B R = A WSE . (W3R (R B A BG- 11 & E SR
e [ AR ] &R E/R, MUBG-111GF T HIWSER 1 H40%HT, BLEF S AEY) &7 K SO g™ ik
#)(534.70+4.07) mg/(L-d)F1(296.35+15.36) mg/(L-d), H LT L 435l H2 5 1 0 14.82%H133.50%, [
JoT RS KA A 1) B it 43 0 A AN R R B2 BB RN o 5% REZE AR LE , e v 43 e ik (glutathione , GSH)
FUH A ALY L il (superoxide dismutase, SOD)% SiEMES . 1A, WSEEHT, X 2
B 7% Bk 15 2 84.37% , [A] B b 9 T R WA OME 1,5- — % BR R 1k B8 & A (ribulose 1,5-bisphosphate
carboxylase/oxygenase, rbcL)FZ M4 AR fL [ (acetyl coenzyme A carboxylase, accD)JE[H 5%k
o [ 458 ] OF5E R, WSEBKEBG-11n] LR (o i AL e 7= R i 7= o, BRI el e 5 5 119 Dt
BEBAS, Az dk e 0 5 D5 AL B e 1) Tl A2 P 4 T — 8 iR SCH

KR ke R IO, Monoraphidium sp. QLZ-3, &M%, W TR, R R

Ve LAShta i g #ﬁﬁ?ﬂ%ﬂ%ﬁﬁﬁiﬂ’]ﬁz% I B S e T A SR TN P s ol 6 21y e
S — A AR AR FURI R A A I R P A A,
m?ﬁﬂﬁﬁ%ﬁﬁﬂ’ﬂﬁcﬁ, 52 P ORI 2 4% 5 T 27 Mk 5¢ S AZ Ak it I e AR v A R 3
FIOREDR BRI, T A AR R A W, W TRIERE M BRI E RS, (R
EAAMAR = RS BARE N R, WA T HEAEY RGBSR, AOURE TR, b
Sl Tl A A i R D W dR , AR JeRREER L AR RN, Bt S Rl 2 m
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TEWNKRERE R, 285 BA 8RN AL
P, W9 L BRI T LA 1R AN A
PUAA AT B9 IE M, DTG 2 AR SR g
Nayak V5T UEHT , ) A= 16 B2 K R 3% o8 i ot
FE, SR AR YR A, 0 0.54 g/L. SR
M7, BeA A2 k5 $2 UK (walnut shell extracts, WSE)
5 BG-11 HITHIFBOREEAHRE], B WSE X
BG-11 Fiii A MM AR R, AH T 1
fif KBRS BG-11 VR T H s a9 A A i A 2
AR DML .

¥ il OBE 1,5- = B R R 1k T (ribulose
1,5-bisphosphate carboxylase/oxygenase , rbcL) 5
CO, WEEA X, ZBEHES A RAILEE (acetyl
coenzyme A carboxylase, accD)EfL LTS A,
SR EH IR A e R A PR SR WFSE WSE X
BG-11 8 rbcL Fll aceD FEH B, A FF
T RIS BG-11 AEHT T s R 4 i 71
PL

AL FEL i Monoraphidium sp. QLZ-3 X}
G, W5 T WSE X RUsE ARy R AR A [
S, [ X FREE 240 PN Y 2 1 BRI K AL )
PEAT TRLIN . eAh, WESE T X WSE Hh 22 i)
Folk . AHOCHT A A 1 K 5 IR & R G ik
23k i By WSE R BG-11 TR i 15 5%
R OB B AR R R AR R, R
BRI SAS , Dh R A 5E PR A Y B U
A R 45 AR

AR

1.1 BEFRERH S
PLIHLER B Monoraphidium sp. QLZ-3 S FFE X}
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GRS L . RPN FREGE B Y k52
(mmA M R2EREERHE) 5 10 55T 7818 KIR
G, TE95°C &AM T2 4 h, RGN WSE,
2 8 JZY AR R, W NaNOs (1.16 g/L), %
pH £ 6.8-7.0 (WSE H s ung 1 )l LU
BG-11 555730 LAl R HAE Xt B4, 0] BG-11
REFRIER NI A 1) WSE A 5256 4] (s 5 3%
HIREEA BG-11 thaE TR, HEmiAR
SN 10%. 20%. 30%. 40%F1 50%H) WSE),
W FIRREFRILTE 121 °C 444 T K 20 min Ji7,
O30 AW RN 5 (4 0.06 mxh 0.51 m)H, A
B Monoraphidium sp. QLZ-3 (WJHEHERN &Ny
0.4 g/L), A 12%M4 CO,, KAy H N 0.5 L/min,
JEHEGRIE 6500 lux, FEFRIRE R 25+1 °C, HRAHIK
B3P
1.2 AYE. WAESEAmE"

AW, AREC10 mL (V)#E, 3500 t/min

F1. WSERETERHLESE

Table 1. Compositions of WSE medium
Parameter Value/(Units)
B 43.36 pg/L
Na 12.77 mg/L
Mg 1.36 mg/L
Al 32.45 pg/L
K 24.80 mg/L
Ca 1.25 mg/L
Cr 3.00 pg/L
Mn 117.05 pg/L
Cu 1.13 mg/L
Zn 18.21 pg/L
Hg 0.024 pg/L
Pb 0.14 pg/L
N 56.70 mg/L
P 7.20 mg/L
COD 3210 mg/L
Polyphenols 65.87 mg/L
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B0 10 min, 21, BTG, FREGENE
()oY R IR A ()

Y=w,/V (1)

He, Y 2AYHR (L),

A ERIFREL 0.3-0.5 g (m ) T T
Bk, WO 2 F5 B A SRS 40 min, W0
3 mL 5005 B AW (2:1, V/V), 1E 25 °C ., 150 r/min
M TR IR 30 min J5, B5.0(5000 r/min,
10 min), B, ¥ LR RBERIEEL 3K, &
I 3 W, BT TR E RO ()
H, TE 40 °C RYFEIRAS TR 2 AE E (ms), MRS
(%) AKX Q)T HE,

m; —m,

n= x100% 2)

m

Hor, n A& (%)
1.3 EAEGABAKLE Y& Bz

AR BMEETE, 10 mg BT M
A 1.5 mL (ELLEF, MA 200 uL 79 NaOH
W1 mol/L), 7 80 °C MY 2514 T 7K 10 min, il
A 800 pL HOZEIRE/K, 7E 12000xg IS T EL
30 min, HX 3. TR FAREBCEE 2 &k, &9
3 EIEW, DA mTE R e AR 2, R %
Ih i WA I i 2R B R R
1.4  rbcL M aceD BFRRFik ot

fdi 1] Primer5.0 535149, diA4E TAEW) TR (L
B A FRA T A A 18S Al rbel F1 aceD il 5 [F]
NS Y3 2), #EAT9OLE R PCR.

Trizol LIEHAIFHE WSE AbHT HLERE
Monoraphidium sp. QLZ-3 NI RNA, Fl| 5 4% 5%
X7 & (TaKaRa)Ff RNA 38054 5443 1 cDNA, LA
MR, #H4T RT-PCR 473, il AS[F¥ B WSE
ALPER FREFSE rbel A aceD FERFRIBM AL, i@

*2. MEERALEEINY

Table 2. Gene-specific primers used for qRT-PCR

) . Annealing
Primer  Primer sequence (5'—3')

temperature/°C

188 F  GGGAGTATGGTCGCAAGG 57
18 R GACTATTTAGCAGGCTGAGGT
rbcLF ~ GTACCTGCCCAACCTCACCG
rbc LR GCACCAGCATGGACACCACC
accDF  GGGCGTGATGGAGTTTG 61

accDR  AGGTTGGCCTCGTTCTG

it ABI 7500 956 5E S AR rbeL Fl aceD LA )R
KA E R, RT-PCR MEHREE IR 27 1 ik
AE PRI o DL 18S RIS AR LATA 15 RNA Ay H]
HAEIRE, N ETESS A T R T
JE—3, RARPPEHERIREZEBBOCR
1.5 4b2 % & & (chemical oxygen demand,
COD). B H(total phosphorus, TP), & & (total
nitrogen, TN)X £ & &l &

B3y coD., TP & TN {#i ] COD £%
B TH(HANNA HI83399 )y el

WSE 2 2% 5 K Folin-Ciocalteu 0l
SEN FRECT R 2 H A TRR 10.0 mg, A
FNZEMK P ERZ 100 mL, 43 HIE 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8 f1 0.9 mL & FRRIFK
F 10 mL AL T, LA Folin-Ciocalteu a7
0.5 mL, 1 min J5, MMAKRBRMKEHR 1.5 mL
(200 g/L), HIZEMKER BZIELAL, 1R, 40 °C
PRI 2 h 5, T, £E 760 nm AL E OB EE
HESARERNZR . BOBTEE M 2 mL, T 8000xg
B0 5 min, BURTEW 1 mL, MRS Rk
HRAF LIRS Th 2 E
1.6 iG-S (reactive oxygen species, ROS)
B P

WBRUSCEE FORE S 2 IR Che 221N 26l TG 42

http://journals.im.ac.cn/actamicrocn
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SERG IR ) B (1T 3 s R AR AR A BR S W
EANILN ROS M5 .

YR Monoraphidium sp. QLZ-3 453t H
Jik(Glutathione , GSH)FIHE S {1k ¥ 15 fL i (superoxide
dismutase, SOD)A{EPEM AR & CGE = KT
st
1.7 RRiRRA B

$e 2 mL 3% AR H B (SRR LG )78 Wom A 2]
BT A AEH, 70 °C Bl 2 h J&, AIA 2 mL iE
CREIRGIEEL 4 h, BUEC KA =M -k
HHGC-MS)SHH,

1.8  SGiitsrdr

ARSI E 3 41T, FIF ANOVA
(SPSS19.0)— 25 o M I dicdls , *P<0.05 oz
S, #*P<0.01 FREFEE

2 £RFeitie

2.1 WSE X EEAYEMMAE S &80
AR EE R WSE XTELERSE Monoraphidium

sp. QLZ-3 A KM 1-A Fis. xR

e, BEE WSE SHRMAWIIE R, MENAEY

A a5 o

-1
4.0 ——BG-11+10 % WSE

——BG-11+20 % WSE
3.5 —vBG-11+30 % WSE
3.0

* 3%k

——BG-11+40 % WSE
F—<BG-11+50 % WSE

= NN
b o »n
—

Biomass/(g/L)

0 1 2 3 4 5 6 7
Cultivation time/d

E 1.
Figure 1.

®)

Lipid content/%

HIZRWIN, 24 WSE AU RAS] 40%HT, fliE
F LR R 5 51)(3.7440.03) g/L, R IRZA R 1.15 1%
(P<0.01). [RIBF, TRUaEryiAg & itk B 5 e
(55.4242.45)% , LW AR 250 N
(534.70+4.07) mg/(L-d)F1(296.41+15.36) mg/(L-d),
A3 A EE R R ZH R T 14.82% (P<0.01)F1 33.51%
(P<0.01), AHCHIFRAS R o, Foffii ] WSE 55
FRtdEEnt, HA Wk 1.18 g/L, AEY =i
&7 3K 130.18 mg/(L-d)Fl 97.52 mg/(L-d)!"*, 43
A SZEGGE R 31.55% ., 24.34%FH1 32.90%.
Cheah Z" I 5E45 H, 24 BG-11 %A 5%k
IMPEKEE, AT AR /NERSE BSP-31 MK, 2B
oA 3.46 g/L, HIEMMARE &N 17.6%, 4424
i ARRRH K & i, SRR AR R 2 B, X
ARSI EE R, 24 BG-11 H WSE (& 882
50%M, 4R Monoraphidium sp. QLZ-3 FAEY)
HIFIRFEAR, WS B R AR
AT AHSCHIFFE R, sl g & B 3
5 48 I A K A6 RN AR 11 5T 5 R - 22 (01 4 A
AR, IR, [ BG-11 FPIRINEE
WIER) WSE m]LMEEBET 3 Monoraphidium sp.
QLZ-3 By K FIMARRI TR R .
Or—1c

I BP
0= Lp ¥

1600

* kk

1500
501

407]
307
207]
107]

0

r

~
(=]
S

kk

N W
[ B )
(= - =)

Biomass productivity/[mg/(L-d)]
Lipid productivity/[mg/(L-d)]

—_
(=]

o

BG-11 10% 20% 30% 40% 50 %
WSE content

R & 81 WSE X5 4 < (A) Fni g & 2 (B) M2
Effect of different WSE content on microalgae growth (A) and lipid content (B). LC: lipid content; BP:

biomass productivity; LP: lipid productivity. Significance is indicated as asterisks. *: P<0.05; **: P<0.01.
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WFoT 48 1, BG-11 85 37 5 4 il & A A
¥85.544"1, Ak, WSE Yl £ AR ¥25.05/t (K
SR 2.4/, KINARN¥3.45/t), LB rps
FRILH 25 BAS H¥95.56/t. £ WSE HIEAT,
e A W 1 AT AR 9 R AR 4 301 A ¥25.55/kg il
¥46.39/kg , #H LL T HRZH 43 HIBEAR T 2.93%F1 14.31%
(P<0.01), Z53£M, WSE B4 BG-11 TRk
(15 % AT LA AR RcsE A 1 S T ) 4 7 D A
2.2 WSE X} H.41 % Monoraphidium sp. QLZ-3 &
FIBR. RIS SEK COD, TP, TN BRE
I8 e

WK 2-A P, S5 Hh BB Monoraphidium
sp. QLZ-3 AN 0948 1 BT i) & st ig g i, 56
5 KR E, 153 (22.42+0.30)%, A% I 20 Ay
1.15 f(P<0.05). #h0 40% WSE fScieeir, &
FIBT Y i 5 X R AR e S E], 55 5 REHA
FNEME, SRIEZEL TR, S5 RAMEL, 55
A RRKAL G R (8] 2-B). X FTRESE
FHEFRFMT, RTINS 5 0IE G R
ARG RIS PESR . AATTER 5 1 e rh &R s
AR RIS ARSI AE R R, B R
) WSE W] DL 75 55t % Monoraphidium  sp.
QLZ-3 ARG & a, fedF i
AR R R AR AL 2R

2-C W, FEMEER A KR g, W 40%
) WSE XJ TN 1 TP FFZBRASCR i35 5 T % B4
Hrf COD Wy RFSBRAH (48.28+2.05)%, TN N
(48.21+2.68)%, TP M K 2BRH H7(82.27+1.82)%.
LHERRY], FEFRAEPERY TR S 4
AERA K, MM RR, BAKPENIEREES
FF 24t Monoraphidium ssp. SDEC-17 4l iy

et

A, B K H B R G s ) B EE T
ZUPO BeA, FIHRERIM KRR R,
KA TN R TP o] AR GREA ORI A, ik
2 i A= AR T
(&) 2615 BG.q1
14|+ BG-11+40% WSE
2}
20}

181

Protein/%

16 |

14\ | | | | | |

(B) Cultivation time/d

14 | = BG-11
—— BG-11+40% WSE

12

10 +

Carbohydrate/%

kK

(=]
—
w
N

2 3 4
Cultivation time/d

©

100

90 -

80 |- B
70 b
60 F
50 F
40
30 b
20t
10 |

0 1
Control

HH

Removal rate/%
HH

40% WSE
Different culture conditions

El 2. WSE MEHEBRA). BKLEYSE®)
% COD. TP. TN BREC)HZM

Figure 2. Effect of WSE on content of protein,
carbohydrate and the removal rate of COD, TP and TN

in microalgae. Significance is indicated as asterisks.
*: P<0.05; **: P<0.01.
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23 WSE HZBERMEL

AW, 28 HABERHTAE, "]
DA Sy — A ol 5o 28 40 40 L SR DT 9 22
20 H AR 072 BT SR IR AT LA R T ke 2
JeL rR I S AR AR, T AR TR Tk I B S
W 3 BiR, 40%0 WSE fEFI T, Al
# Monoraphidium sp. QLZ-3 X Z W B bk R %
W, KEEE 6 Kat, HBERRKT
(84.37+0.15)%. ZER B/, 40%[1) WSE fiE ik T i
B AE R AR B R (8] 1-B), [AIN, WSE H i1
Z Wy B FREL i Monoraphidium sp. QLZ-3 #8B% . i
ANWEFESG H, 28] LIS 40 R b g 2055 A
HIFERYSS G, gm0 i T AR B AL 5 DR B 240
B, RBREIEMAR AR B, SR
fe HERCE R A AR RYFR 2R, S HUAAL RG0S
M R A G A DG L R 1 e ik A o6,
2.4 WSE Xt H.4[ 8 Monoraphidium sp. QLZ-3
ROS. GSH &8 SOD {&E M=

nfEl 4-A Fos  AERG SR e, X2 H ROS
o BB, TSI 40% WSE Y SEBe2H

100
90 r
80
701
60
501
40
301
201
101

0 I L ! I L !
0 1 2 3 4 5 6

Cultivation time/d

Removal rate of polyphenols/%

3. fUEX WSE & B Ry F5R%
Figure 3. The removal of polyphenols in WSE by
microalgae.
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(A) 1200 -
=) [ 1BG-11
o [ IBG-11+40% WSE 4
2 1000 |
= I
S 800+
2
£ 600 s e P
8 sk
=1
S 400}
8
o
2 200F Hfi‘
A
Q
2 o
0 1 2 3 4 5 6
Cultivation time/d
B
(B) 10+
—o—BG-11
| —*—BG-11+40% WSE +
%
)
Q
3
a.
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£
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=
=
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O 4E
4L
3 1 1 1 1 1 1
0 1 2 3 4 5 6
Cultivation time/d
© -
20 ——BG-11 -
18 —e— BG-11+40% WSE
)
Q
3
a.
on
£
2 8
S G
wn
4
2
0 | | | | | |
0 1 2 3 4 5 6

Cultivation time/d

4. WSE X{E+ ROS 2 2(A). GSH & E(B)#n
SOD & E(C) RIS
Figure 4. Effect of WSE on ROS, GSH content and

SOD activity in microalgae. Significance is indicated
as asterisks. *: P<0.05; **: P<0.01.
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ROS M RN, 25 3 REHAFER S, J5&HET
FEAR, W& S5xTEg b ROS SEIEA—5, XAl
REJEHI T WSE Wiy 4 )8 80 1A i, (e
THEEANMLN ROS BYBE A&, ROS B34 i ] DAL it
M R AR T R B R, AT B % = R
U, MSCBSE AR, HLARE R A 23 e sh B B
AL R GE, NPT BTy & i 0 P
B, TR E R ROS, RGN A & EXHHLA
O AT VL1 NN 71 = 0 £ i [ DR 5 E bt oS e
PUEALIR R, KRR ROS, BEARIENA 450X
LA WSE i Z B —Fh A Ak
R, WTRES S T a8 S0 T san i b hi AL IR R
I o

FEREE R SR B R, GSH & s e X s s
A, 53 R, EFEisBR A (& 4-B). Kl 4-B K
Bl, SMNEESHT WSE B0k 7S di b GSH &%
WA, 5% 2 RifhEm, AXTHAR 1.34 %
(P<0.01), #FsEdgH, GSH EA&m e utt,
EARAEYIIE 2R, GSH &R A Ay Bh FR#
R4 ROS Y& 5, I A iy S e fi i, 2
HEHR BRI, X ARSI 45 A3, WSE
T T 2% Monoraphidium sp. QLZ-3 ¥ GSH
FIXEIE 4-B), Mimifeit TR R (A 1-A),

SOD &4 Wik Z i A fb il 2 1Y B2 U
R, TR . R RS R e
WSE fEHT, B4 SOD 3Gt iz #ikd fin
%5 5 KiF, SOD ik, 4(17.75+0.24) U/mg
M, BRI 2.38 f5(&l 4-C, P<0.01). &3
R, EHEFIRES, ZWARERREEH N,
5 I [RIERAE A SOD AT M 2 #iH8 il . Zhao 217
i 5% 48 1, A I AT B X H B (butylated
hydroxytoluene, BHT/EIF, fidik 1 Wi AE 21 Bk

Haematococcus pluvialis ' SOD JGEVER R, I
AT LAY SRR, TR T 2 R A
MR AL IR PIEER, WSE 25
HIVEFE_ R T 54t i Monoraphidium sp. QLZ-3 H
SOD i1, & T st e ALRe s, ART
Il H TR R A T B A A SR A 5 0, (2 L
BRI R
2.5 WSE @+ rbcL Fl aceD ZFEFRIXEK
=20

R RR, WSE WA 25|k st
Monoraphidium sp. QLZ-3 1§ ROS 744k, WSE
T Z AR — R BT AR, S S A Y
DAL RN, FEIGE R R ROS, ISR
A, dERR AR R A, (2R
B WEFEAE Y, BRI AT LOE R Y R S
AHDCIRAR , A B P AR I AR

WSE X FEt i Monoraphidium sp. QLZ-3 il
ML rbcL F1 aceD BERR BB, LIS
UNIIN WSE X rbel PR AR X 26 A it A 52 1
WLE 5. 7E WSE BIfERT , 514138 Monoraphidium
sp. QLZ-3 #ifiiN rbcL FEPRI Y AEXT R iE I H I
ARIFEEERY B, SXRRZHARLL , 7ERE R 1-3 d,
rbel JE RIS 2 15 A (1.55:+0.23 ) f 4 i 2=
(2.1420.16)f%, BfFFIFIR T RE, BI5H 6 KIS TIE
B(1.77+02D)f% . rbcL H:H 5 CO, W EH X,
HFRB R B, AT LU PO & 75 A a0
el 5 &M, WSE fERT i rh rbcl SR IA B
B, ATRIR RS ERTER (e R
Xt COp BRI, Dy fol 88 A A A S I B 22 A e A 2
PR HE T s A AR RIS AR R (8] 1-A
B). MHRHIFERM, Bl % 4 18 AT UGE 7E /) Bk
chlorella vulgaris var L3 W rbcL JERFXERY |
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5
[e=)
1

CrbcL *k
| B acecD
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[
(e}
T
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-
W
T

o
W

=
<)

0 1 2 3 4 5 6
Cultivation time/d

Bl5. WSE W% H rbcL # accD EEFRIE 2RI
Figure 5. Effect of WSE on expression of rbcL and
accD genes in microalgae. Significance is indicated as
asterisks. *: P<0.05; **: P<0.01.

VA, IR SRR T 25%!", ALt ER,
HNIRAS I 40%H) WSE iR T rbeL SRR ik,
$Em T COy MIEERR, f2iF TR0 r K A
NRIAL R

LRSI A RACEE F 2RI ATP Y2
ME4TE A (acetyl coenzyme A)4EAL NN —Mk4ti i
A, REEERAE A B AR P A BR . 75 WSE
RITERT ., H4EF#E Monoraphidium sp. QLZ-3 H1,
aceD FEAAHX B E AR 5 B, fepst
#: Monoraphidium sp. QLZ-3 ¥ 3= HIHT 3 K, B
ML aceD PG VEZ BTG R, 55 3 RIFIR S0 2
B)(2.42+0.24) %, a2 FRE. AT AMIHE 1,
H ACCase LA BTN IR A, AT LA 200
il B 7 R 1 ALY . AR SRR SR A R R,
BG-11 FOIIAGEELHRE 9 WSE,  n] LIk i B i
Monoraphidium sp. QLZ-3 H' accD BIFIXT ik &,
PRI LR
2.6 SN WSE Xif B3R A5 I R A 4L i

23 Won THE WSE VER T *r4L s Monoraphidium
sp. QLZ-3 FABIIFRA B B4k . SXTHRZAH L,
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40%H WSE VEFHT, T i C16:0 #1 C18:3 75
T T 24.80% (P<0.01)F123.24% (P<0.01),
1M C18:1 #1 C18:2 BY& &N BN 1 174.25%
(P<0.01)F1 39.82% (P<0.01), MIMi{Hi755256 20 v
SFA % i, MUFA [id, PUFA &R FFAAE
40% 1) WSE {ER T Mg 4l DU {5 h
(112.91+6.76), FELXT IR E T 9.76%, Al{EN

F 3. AEEFEHXBEE Monoraphidium sp.
QLZ-3 H A BAER B9 4R AX B9 52
Table 3.

composition of fatty acids in Monoraphidium sp.
QLZ-3

Effects of different culture conditions on the

Cultivation conditions

Fatty acid BG11/(% Total 40%WSE/(% Total
fatty acids) fatty acids)
Cl14:0 0.66+0.021 0.48+0.011%*
C15:0 0.43+0.05 0.12+0.014**
C16:0 39.59+2.72 29.77+0.92%*
Clé:1 0.8+0.19 0.32+0.013**
Cl17:0 0.49+0.11 0.31+0.021**
C18:0 2.56+0.10 1.414+0.12%*
Cl18:1 6.33+0.35 17.36£1.79**
C18:2 19.81+2.22 27.52+1.44%*
C18:3 24.79+0.98 19.03+0.64**
C20:0 0.17+0.14 0.087+0.016**
C20:1 0.1+0.14 1.06+0.30**
C20:2 Nd 0.19+0.078
C20:3 3.23+0.31 0.019+0.026**
C22:0 0.097+0.14 0.46+0.078**
C22:1 Nd 0.61+0.21
C22:2 Nd Nd
C24:0 Nd 0.46+0.08
C24:1 Nd 0.047+0.067
SFA 44.01+1.28 33.09+1.26%*
MUFA 7.23+0.68 19.39+2.38**
PUFA 47.82+3.51 46.76+2.19
DU 102.87+2.70 112.91+6.76
LCSF 5.56+1.07 5.37+0.45
CEPP —16.31+0.02 -16.31+0.01

Significance is indicated as asterisks (*: P<0.05; **: P<0.01). SFA:
saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA:
polyunsaturated fatty acid; DU: degree of unsaturation; LCSF:
long chain saturation factor; CFPP: cold filter plugging poin.
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Production of lipid from walnut shell extracts by
Monoraphidium sp. QLZ-3
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Abstract: [Objective] The effects of walnut shell extracts (WSE) on the growth and lipid accumulation of
Monoraphidium sp. QLZ-3 were explored. [Methods] Different volumes of WSE were added to BG-11 medium
(all nutrients in BG-11 were retained in the medium). [Results] The biomass and lipid productivity reached
(534.7£4.07) mg/(L-d) and (296.4£15.36) mg/(L-d) with addition of 40% WSE in the culture medium,
increasing 14.82% and 33.50%, respectively, with upregulation of protein and downregulation of carbohydrate.

[Conclusion] Exogenous WSE could enhance the biomass and lipid productivities in microalgae.

Keywords: walnut shell extracts, Monoraphidium sp. QLZ-3, reactive oxygen species, biomass productivity,
lipids productivity
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