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FEE . NHE/R/KAERY A Y sE L] B 5T T A AT 300°C | A5 400°C DL 400°C 31X 3 Ff A 43 X vb B AR BT R
TR EAERS (SOD, POD, CAT) WL RZI. 25 R 20, 763X 3 FAEY M E R T, Z4: Wi ik bk = MDA & &
=, MAEYREE S 10 mg- LB, sP B 2R3N R (MDA) & i B VR R R) A e T o o B Ak i Ak (SOD) 1
it A M R O B2 ) o T P85, 675 AT 300°C B A i 400°C AE W 3di/E BT Bl i) A4 222 S iR U BRI 3, 244 24 b BB
FUERAE, 5390070 93.6 U- (107 cells) ~' |, 8.23 U+ (107 cells) =", M7E/ 35 400°CEWMAIE T 72 h WIRA RIS TR Ea#y
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Effects of Macrophytes Pyrolysis Bio-oil on Skeletonema costatum Antioxidant

Enzyme Activities

YAO Yuan', LI Feng-min', LI Yuan-yuan', SHAN Shi', LI Jie’, WANG Zhen-yu'

(1. Key Laboratory of Marine Environment and Ecology, Ministry of Education, College of Environmental Science and Engineering,
Ocean University of China, Qingdao 266100, China; 2. Weihai Power Supply Company, Shandong Electric Power Corporation, Weihai
264200, China)

Abstract ; In order to reveal the preliminary inhibition mechanisms of aquatic plants bio-oils on Skeletonema costatum , effects of Arundo
donax 1. 300°C, Ph. australis Trin. 400°C and Typha orientalis Presl 400°C bio-oils on the concentration change of malondialdehyde
(MDA) and the activity of antioxidant enzymes system (SOD, POD and CAT) were evaluated. The results showed that the higher the
Bio-oil concentrations, the higher the MDA contents in Skeletonema costatum was, and when the Bio-oil concentration was 10 mg-L ™",
the MDA concentration increased with the reaction time. Superoxide dismutase (SOD) activity also increased with the increase of bio-
oil concentration. For Arundo donax 1. 300°C and Typha orientalis Presl 400°C bio-oil, when the reaction time was longer, the SOD
activity of Skeletonema costatum first increased and then decreased, and in both cases the maximum SOD activity was measured at 24 h,
reaching 93.6 U- (107 cells) ~' and 8.23 U- (10" cells) ™', respectively. For Ph. australis Trin 400°C bio-oil, the SOD activity kept
increasing within 72 h. The peroxidase ( POD) activity of Skeletonema costatum also increased with the increase of bio-oil
concentrations. In the presence of Arundo donax L. 300°C and Ph. australis Trin 400°C bio-oil, the POD activity of Skeletonema
costatum first increased and then decreased, while with Typha orientalis Presl 400°C  bio-oil the POD activity increased with
fluctuations. For all the three bio-oils, the catalase ( CAT) activities increased first and then decreased when the reaction time was
prolonged, and the higher the bio-oils concentration, the greater the CAT activity was. Pyrolysis bio-oils enhance the activity of
antioxidant enzymes, leading to intracellular oxidative stress in the algae, which seems to be the main inhibitory mechanism for algae.

Key words : macrophytes; pyrolysis bio-oil ; Skeletonema costatum ; antioxidant enzymes; inhibitory mechanism
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TVEERE 1 0 A Wi, 43 BT LR rf R B AR N
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1 #MBEFZE

1.1 ¥k
IKAAE S A i AR TR AT 5 e O
Ry B 25 0 i VE 858 19 2 477 300°C 753 400°C

DL A il 400°C A il A= P i A B SR 64, A3 B G
B SRR B A T

HR R 25 3 ( Skeletonema costatum ) « F 1 [E L
BT BT ER At SR 500 mL 3R — A
AE 10% HCL HIR L 24 h 5, FZEIEK gk 3 3,
121°C 5 JEIB K 20 min. HARTEFKZ0. 45 wm %
FRET A 1 8 AR 8 L 121 °C i3 JE IR K T 20 min, &
T8 21 J5 45 BEOK DK - 35 SR BE B = 10000 11 HL
BN £72 FEFE5E. Fefh b B 40 FRh e
BRI IR AP R 3% 3 d, AT EUE K
W B FRAOCRE LN 12 he 12 h, FUROG IR
4000 Ix, SRR BE N 24/20°C. BRI 2 K, B %R
BERNEREA A, A0 7E 24 | 48 J 72 h HUFE.
1.2 SEEJTEE

(1) KRR S FRECT UK
AR BE 100 g A H25 45 U (GSL-1300 ) NI
FEH AERSAEY T LA10°C - min ' 0 TR FE T
BT, PE 4 h, ZA R 150 mLemin ',
PR BEEE AT

(2) FRIB B RIRAL T AT 300°C | R
400°C Pk B A5 1 400°C A 1 X v il B 2 BE Y EC,
Hr 54 1.29,0.82,0.85 mg-L~" & H 3 Pk
SEFRAA3 0.1, 1.0, 10.0 mg-L~", I LAIARE N
AW, BRZ R B A X) B BRI SRR A 300 mL,
WG SE AR B R 7 x 107 mL ™" 2245 . BNV E 9
PR, 5 3 A, R 3 O, A SR R R

(3) A=Wpih Xt B 458N % (MDA) % =
(UsZm [ BE 24 h HREE 2885 92 W 300 mL, &0
(4500 remin~',10 min) , 5 FV5E, A 2 mL 0.5
mol - L™ W R 2% WP W (pH 7. 8) , i 75 41 i W R4
W 4 min, Z5.0>(8 000 remin ', 10 min) , F K HED
S RLBE . HE R MDA & A3 AN EE.

(4) AWk xF Bl B 4 B bR SOD |
POD . CAT IEPEMSE M A 8 ] 4 [ I, TBOHH il
TR AT S T 0 i 1
1.3 3Bl 7k

(1) N (MDA) S EryE  ZMCHR[13,
147077k, MR . ORI A S
mL 0. 5% BRACE b Z BRIV, BE 2. @K A
A Th AW 10 min ( H U RTINS
TR . B , 37 Bl AE B IF A vKoK i
. QFRFIAE NIERIR EE , B0 (3000 remin ™', 15
min ) ,HXJ:/%@#E/H\MK DL 0. 5% fiAt B L 2R
VW N2 I 532, 600 1450 nm A 59 OGAE. A
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MDA [ mmol - (107 cells) '] = [6.452 x (A, -
Ago) —0.559 x A,y ] x (V./V.)/N

T Ay L Aggo  Ausy 78R FEIRAE 532, 600 , 450

nm PAAEFTINOEBE(E ; V, AR BOR SR T (mL) 5

VD E R OB AR R (mL) 5 N 38 20 i A8 4% it

(cells) FH B AEE AU THA S 3.

(2) ALY B LA SOD IEEME R NBT
PN RN AR R AR 1 mL B R ZE ol A R, 130
mmol - L™ i Z BR VAT 0.2 mL,0.75 mmol-L ™" &
WEDUMRY Y 0.2 mL,0.02 mol-L ™" B KAWL 0. 2
mL,0. 1 mmol-L ' EDTA-Na ¥ & 0.2 mL, Hl [ &
0.2 mL.

HHEA

SOD 7P U= (107 cells) '] = [ (4, —A,)/ (A4,

x50% )1 x(V/V,)/N
Ao, Ay X REAE RIWOGAE ; AL ARSI A8 1 IR
5V, ARBOREAT (mL) 5 Vo 0058 FH 3R B AR FR
(mL); N B0 E R (cells) B BTTHEUR T
HATE

(3) A ALYIEG POD  SRAHSCER[ 17 1090715, IR
RMAAZ .1 mL 2% H,0,,1 mL 0.05 mol-L ™' @8I A
1,1 mL FHEGVR, A B, 37 BT 37°C KB
PR 15 min, SRJFHVEEE A VKRB, INAT mL 20%
A OTRAA N, 25°C TFIRE A, 28 fk.

(4) it A AL AU CAT LB B E R A Sk
(1SR, 25 I E LA 5 mL LB, 7 J)
25 M S mL 1.8 mol-L~" H,S0, , Z (I i} i
PE, S mL 0.2 mol-L~" H,0,,#&4], it s} 5
min J& , EHMA 5 mL 1.8 mol-L™! H,S0, , 7] 4%
HPhmA 1 mL 20% KI X 3 ¥ (NH, ) (Mo, 0,, , ¥%]
HIA S ¥ 1% JERHAR, FH 0. 01 mol - L' Na,S,0, i
FE B ORI R, IE5% Na,S,0, HFEAFL

HEAK,

CAT & H [ug + (107 cells) '] = [ (Viy -
Vi) X0.0.1x17] x (V,/V.)/N
:—EQEP,V,;\F‘ éﬁgﬂ/ﬁﬁﬁﬁﬁﬁ N325203 ﬁ:ﬁj\, Vﬂ,w% (B"J
FEALT E BT A Na,S,0, B v, 328 B B iR 1
(mL); V. € AR BOR AR (mL) 5 V. 340 f 5
B (cells) B R THEUS TG 5.

(5) i 2% 200 it 2 32 %) A8 AR 450 FH il 3kt
BORTE 5 0U8% ( Nikon YS100) T WL, 3 LA e %5 i -
P = b5 25 3R R, B R J7 22 50 BT (one-way
ANOVA ) Ko 56 S 56 20 FX B ZH =22 [a] i) 22 5 . 5 k.

2 HR5ITR

2.1 ARAAEY AT R 25 E T RS (MDA )
ERiopA |

MDA 2t A AL i 7= 4, BA s i vE &
AL AR 0T, AR S A R, Schhiff Bl , T 208 R
O3F e WS PE SR IE 8 DNA 22 3145, MDA (1) 2
HE AT LSRR 45 0 R B, AR ) RS A
IR RS AR A, R T = A
P 2 55 0T R S g, S B8R T S Ak, MDA & i 3%
P ETF R B~ 3 4 ) R TR R AT
300°C | 735 400°C K A3 400°C AW VE A R H R
B 5HE MDA F iy Ag L. s IR 1 A, i A
7 300°C A=Y E , Th B 253 MDA & A4 AR 2
FER TR, X IR MDA 57 & IR AR R AR Y
PO 300°CAEPMAS AR BE R 10 mg-L~" /EM 24 h
Jii MDA &35 4. 45 mmol - (107 cells) =", W%k
JEN MR 24 h B AT 300°C AW AN i T R bR 4%
T T i 3 AR A, v A i AR A A8 40 B ol 7
0.1 mg-L™"F1 1.0 mg-L~"AbFEL #E MDA 7 & [
25 FAREAT FH R H 22 RIFAR R 3 (P >0.05). 1 7E
AR EE 3 400°C AEW i ERT T (B 2) , M4EH
BFE] A 24 b B, £ AL B2 3 MDA & 10 il 2%
5, A BE 2 1R I IR) Y SE K TR iR R 10
mg-L I S5 MDA & BB T dE g
KA EAL R N, B EomEL AEF 72 h 5, MDA
EHN3.77 mmol - (107 cells) ™', & 3 N7 400°C
A I B A% MDA SR RS /EF 24 h
J5,0.1, 1.0 2 10.0 mg-L ™" 4bH2H & 25 FH4H MDA
CSEIFLEEZT(P>0.05), M1 48 h A},1.0
mg-L~"F1 10.0 mg- L~ ZbFEL 3 MDA & &34
— BT, A 9155 F) 1. 34 mmol- (107 cells) '
1. 85 mmol- (107 cells) ~'. 244 FH Bsf [i] 4k 22 48 fin &=

7
T, AR B /mg-L 7!
% [ —— 0
S 5F —=o0l
= ——1
347 ——10
g
E 3r
1]
2t
S
S 17
0 ‘
0 24 48 7
SRR/

B 1 F7300°CEY i i E &% MDA S BRI/
Fig. 1 Effect of Arundo donax L. 300°C bio-oil on the

MDA content in Skeletonema costatum
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Fig. 2 Effect of Ph. australis Trin. 400°C’ bio-oil on the

MDA content in Skeletonema costatum
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Fig. 3 Effect of Typha orientalis Presl 400°C bio-oil on the

MDA content in Skeletonema costatum

2.2 AEWpihous i B A A AR Ak Pk AL I (SOD)
TP A5

AL YIEALRE (SOD ) 2P 4A AL R 50 fE—
REVEBRIG A H 3L O, BB, F WiVE NI oT S
AR AZAMHIHLEHE bR 38 I 2 BEAN A SOD [ T
AR T 255 3 oK A A A %o v B B S
A LA I L.

TEARFE R EE 3 A A=W /T, B 40
SOD JEMERIZE LI E 4 ~ 6 Ffs. B 4 75 4% 300°C
AYIMVE R TR 4R SOD AT TEAR AL, A4
RN E A 10 mg-L~" i, SOD 7 1 S5 1 5 )5 %
fi%, IFA4E 24 h BHA R 93.6 U- (107 cells) 0. 1
mg-L™"F1 1.0 mg- L~ YREEALFRAL v SOD i 1 5 %
HEZH AR eI T W A8 e (P > 0.05) , A AEAR,

W EE 77T 300°C A/ E T il B AR i S Ak
55, B A Y I RT RR A TSR A
BT a5 2Z a4 MDA & & e —
FHPk. P 400°C A= Wi AE T il 25 SOD i
AW 5, 0.1 mg-L™" F1 1.0 mg-L~" Zb# 4]
SOD {EE S HA ZHF A K (P >0.05), M 7E 10
mg- L~ A5 400°C AEYIMAE T, SOD & 1 24 h
M 11.53 U-(107 cells) " F+ & 48 h ¥ 37.03
U- (107 cells) ~" R332 2 72 h BF HiG MR 50.97
U- (107 cells) =", SOD 7% ¥ Fifi /F FH B 8] A9 22 K 17 7
15, U6 BH P AT MR SV B % 5 400°C AR WMAE R T,
SOD & MERTTE 72 h WIRZORFEF R a3, UL i BR
YRR PN A IS PR A A R B Lk AR AR . B
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