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Toxic effects of dimethyl phthalate on cucumber at the growth stage

ZHANG Ying, DONG Jun—wei, WANG Lei, FAN Xin-hui, SUN Rui-xue, ZHANG Hui, SHAN De-xin

(College of Resource and Environment, Northeast Agricultural University, Harbin 150030, China )

Abstract: The leaves of cucumber( Cucumis sativus L.) were used to study the effects of dimethyl phthalate (DMP) on antioxidant enzyme
activities and proline (Pro) and malondialdehyde (MDA ) content. Furthermore, the fruit quality and the accumulation of DMP were studied
to investigate the ecological toxic effects of DMP on cucumber. The results showed that the activities of antioxidant enzymes in the leaves
treated with 30 mg+ L' DMP were increased, with a decrease in the nutritional value of the fruit. However, this had a very little impact on the
accumulation of dry matter and plant growth. Under the treatment of 50 mg +L.' DMP, the antioxidant enzyme activities of the leaves
achieved their peak value at full-blooming stage. The antioxidant enzyme activities, the accumulation of dry matter, and the fruit nutritional
value all declined with increasing treatment time. However, under the treatments of 100 mg+L™ and 200 mg+L."' DMP, the antioxidant en—
zyme activities were remarkably suppressed (P<0.05) as compared to those of the control group during the entire growth period. Moreover,
with increasing concentration of DMP, a decline in the accumulation of dry matter was presented, with the appearance of a fatal wilting phe -
nomenon during the young fruit period. The accumulation of DMP in the cucumber increased with increasing concentrations ( stem>root>
leaf ). These results showed that DMP pollution could affect the normal physiological and biochemical indices of cucumber, reduce the quali—
ty of cucumber fruit, and hence pose potential health risks.

Keywords: DMP; Cucumis sativus L.; antioxidant enzyme; dry matter; fruit quality
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BKER R (PAEs ) IR — H R , PAEs 214045
DMP (487K — g —H 5 ) .DEP(SF R —H R — &
fi) [DBP(4R2K —HIig — T ) .DNOP( SRR —Hifig —
IESFFR) .DEHP( 4828 — H iR —(2- 2 56 L 56 ) fig ) Al
BBP (48K — F R T SE MR ) %1, FE Ak T A= 7= v
FAYESGRAFI AR AL, FEARZ BB R o, PAES 1Y
A FERIE SRR, 7 FR G R ) Y 90% L) 1P,
TR KA RS AS R it Hh Iz A
T PAES™ FRE A R X 3558 52 2] 7 ARl FEBE )
PAEs 15 4%, Bt K F— R ATE pg kg™ & mg-kg™ B
R AGYAR AT, FRER— RO K, &gl
TEREA AR H AR K LB, BT PAEs 84k S H7E
A WS v (i B L PAEs 2840890 540 =2 ] L
M B s & 25 5§ 1R 13, Bl I A i 0k A
AR , 5 M AR K DA KSR S e, BRI, F 5k
PAEs b AW R B JE %58 PAEs (3R 551 T
Sk A 25BN Y FE L ER T

AR iR — H 15 (DMP) & PAEs H il 4 f% f
M) —F LG, o F i dR/ S5 A0 1 B, B M AR O
FR K PR G, 2 W, 3 2o B B TE AR D
SR, WF5E B PAEs BAA AT IR0 , 18 i
MR IR U 3R S L2 R TR Sh B A A28 k& A
R RS, I, DMP & 2w 35 [ 3 85 R 4 )
(USEPA) A [ K oA [ 80 M L Sfe s il 5 Ye .,
R ARSI T SE 2 B, DMP X £ 44 5 4 85 15 1 1F %
KA MEREER, i SR EHaE ke T
B BT IR0l /b 3 2 S e A T AR B R . R
MEEIMIF ST T DMP X IR 17 i A B2 ), 245 SR R 1
BEPERON RILAEIZ BRI 2R 2R a B S AL, B ik A=
FAARAR

FEFRE, AR A AR, 2 Al ™ A
FER I DMP KR, IR 78 N EYIREA R
DMP ARG H IR E 82%, e KA iAF)] 97 pg kg,
ARV 2 56 F PAEs S AL I 9% R EEH T
RIS FNAN Y, T PAEs X5 SEVEW A K B
M)A Hi B A, R D RO T SR B A
PAEs Jilf T (AR BEAE AR AR L R RS A T . B
JE— P E B TRERE 3, B N2 BV R SEE,
AWFFELL DMP A5 yedy, DASL AL it = 0 Ik ik
FERF G, WF5E DMP Jiae xif 5 N R A6 AL (25
W R bR L RGN AR L, B TR S B
DMP TEFEAR AR R, 9125458 8 IO6E DMP Ji36 119
N2 S AT DMP X6 88 IR A 2SR PERIUNE , A R AR 1 43

H DMP {5 5% LR O 8 i i SRR A7 1) 22 xS 1t
HXS%.

1 #REFE

1.1 ket

ARSI 0D R REE T AR B B AR A PR
)BT 4 S5 NPT (Cucumis sativus L.), 7 1%H
e R R P VA N B R T o DMP(CoH00,) 1 A [
AT A R A, O B, i =
99.5%.,
1.2 EWigit

B NFPFAEIE AT R ZEITF BN & DMP (g%
B B S B SR R WY A
1) b Vi Ay 114 B i B[R AL AR b K A el 220 R
MR BE (27£1)°C, I A3 BE (20£1)°C, &5 R JE
60%~70%]. Fi5Y3He 4353124 0.30.5.100,200 mg*
L™ ) DMP A0 PR A i1 B 3~5 d BEE—IR
FERE B, BRI 3 NEE . RG] BRAE I
5] 2 R 7 SOD \POD CAT & T4
DN T B % 45 SR A SR 5™ o ST & DMP AR SR i, 3
ZHIM 22 v DMP LR SR A .
1.3 mELEEENE

B 0.5 g i v N F, S mL pH7.0 1§ 50
mmol + L7 B§IE 2% P ,0.2 mmol - L™ £, " U 218, 1
mmol * L™ HLIR MLER N 2% (W /V ) 5B 247 W B il , £
SCHLBERR , M E CAT . POD SOD JiiHM,
1.3.1 HAAEALAEE(SOD )T M ryg i s

KA P (NBT ) 2 SOD M, Fe il
JEZ24 50 mmol - L™ 1) PBS(pH7.8) 2% mif , N 5 Mk iy
0.1 mol L™ ) EDTA % ,13.37 mmol - L' (AR &
fi% ,20 wmol - L™ Ay 4% ¥ 2 DL f&& 77.12 wmol -L~™ [y
NBT., DI E#WIRGAE R A BT, hGE i A B
YERXT R B AR BR S LA, A G IR 24
J AR 10 min, ZEPE R 560 nm 4b , P W GAE , — A
5 B 2 SR 51 NBT 38 5 S0%3M il B s 1Y
Jif i, BEREYE N U-mg™ FW,
1.3.2 158k Wy (POD )5 Al

POD & 1 A 5 SR FH A B AR R 7A, 8 3 mL 2
IV (P2 BTN 0.2 mmol - L™ B8 2% thifk .30%
H,0,) 1 20 wL fiff $& ORI A4S o 2k 4 7 B g, [ B
PLEE ) PBS FCES R AE X B, #E 470 nm A
OD {E, B> 1 min id5¢ 1 3K, 23t 5 min, & L PARES)
BIPY Ay B072% 0.01 S 1 ANEEETEPE LA (U ), i 4 LA



B A R (DMP) R ST i B 5 8 R 849

U-mg™' FW /R,
1.3.3 i E AL S (CAT) TG PE R 2

CAT {5 MR F 58 MRS FoR AR O 4 B
R UIMAR N ,25 CHIHAJE, BEMA 3 mL 0.1
mol - L™ i) H,0,, BN 58— 7 BITHET, FF G A L
AR, WE 240 nm ARG, AEFE 1 min 1151
WA 4 min, B4 3 DNER . —AEEEEERAALE X
S#E 1 min N4 1 wmol HL0, MG, IS LA
U-mg' FW /R,

= 1 CAT FMEMER FIE

Table 1 The determination of CAT activity configuration

H5 1(CK) 2
HLBS/mL 0 0.2

pH 7.8 BERRLE WP /mL 1.7 15
ZEMR/K/mL 1.0 1.0

1.4 S (Pro) S EHNE

Pro % 1R R A IR 7200 22 1S, R EBCAS [ e
DMP b3 B 45 0.5 g, INEEEAT 5 mL 3%fit
FEAK AR R BOR 1, 100 C/KYE 10 min, B, B
PRI 2 mL, UKEEPR 2 mL 1 2.5%PRPEET — R L) 2
mL TR, WA TP 22 30 mine B E1E I ORZE
B, 7E 520 nm AN E WO GAR , BN ne-g” FW,
1.5 AZEE(MDA)EERNE

iR MDA B R PR A B Ll 22 R 2SN o
VKIEWER AR [R] DMP ¥ B Zb 3 9 v I 4%
0.3 g, ZRJG A 2 mL % 4 0.05 mol - L™ R ZE thifk
PEATHFER 5 , 42 BUK B T 3000 remin™ B.OHL B
15 min, F3EWHT MDA S illE . 730505 532,600,
450 nm Zb%E OD {8, B N mmol g FW,
1.6 REmBHINE

BEATL PR HC[F] —Ab B 2% 1T S 8 119 B B JTCAE
SRAE LR 5 1 BASIN SR T BR80T 2 v 5 Al v b &
I SR TR s SR 2% D52 i G-250 320
ER IS & SR 2, 6- 5 M i 100 e 4 A
F C(VO) & i, BEALPREE —Ab B4 ST 5 1Y
BARR IR A, TR T8, b3 3 K
1.7 DMP 3% B S HIME

X AN [ E DMP(0,30.,50,100,200 mg- L) kb B
TREREEMR . 25, rh DMP FLE & RS
DMP &5 4 A TRl o BEALARI R — b B4 T
HET IS R BRI 5 g, FHIE CBEATN TR 51

PEHL 12 h 5 HARBOR B T et 28 R AL BT He4n
HHEC 1 mL B TR/ MR, GC-MS Xt DMP 5
HEHFATIER, R 3 N EA
1.8 HiE4bE

A E 1 {1 SPSS 19.0 #RA4E4 AR 3, R A
K384 T Duncan 2 8 HLEL, P<0.05 (22 7R B35, 18
IS [ BE DMP XA [m] B 3801 5 JTC A A 4 5 e, 280
i 1598 5 W 25 1 F- 2 (mean ) 475 1 i 25
(SD)., KZEMEH Origin 8.0 A Excel 2010 2

2 HERES

2.1 DMP B ERAEEEHAM F SOD &R0

gL R B DMP ZbBRYR B A3 T, i A g
SOD {E MR “ e TG s, AL BRI A 50 mg- L
B, 0 7 R Y SOD 3 M8 21 5 5 24 DMP Ab BV B
it 50 mg- L™ B, SOD JE Pk i 2 il (P<0.05) . [F]
BF, BE IR RIAER, M SOD i Mt 5
“SETHIRRE S TEBAE T, M SOD Tk E)
S (B 1) o RS AL A 22 1, AT e B % # JIN
SOD JE R SE ALK, I H AR E AT, BB v 3
T+, SOD JEPEREAR A R I AE LR AL RN 25 S, 4b 3
W BE AN 50 mg - L BF, SOD §f 1 i3 2 5 (P<
0.05),

: ,a 10mg- L
035 b/l;__ , . ,a, :?C 30 mg']fl
030 S T N E2 50 mg-1!
= lalaa [z, @b 0 [E3100mg-1”
= 025 ccc b'b’ fﬂ. | .-"g 1.b a c¢ph E1200mg-L”!
s | Fefwficc | FEA | EEE c 1)
F020f] Fettph | L *ﬁ o S P
o | B | e L
= 11 % 1 | F | e et}
= 0.5} |7 ;% | R | PR
S Ik | R | Fgaea | E %
” IR i [ [l I
2 0.10H ok e | 1 ]
2 PEES | B | b
0.05H i‘ : ,,’i;_w | Eih
LLEE 5 | PEE | EE
THAEm REAEM ZEL 1

AR
a',b' ¢ FRER A AR AR [ Acb FER R 1] Y AN ) b 3R e B2 = [
ZESEE . a,b, o TR EACFRAR R AL B 2R AN ) Ak B 1] £
%583 (P<0.05), T
a',b’,c'--- different lowercase letters represent statistical significance
between the treatments with different concentration of DMP at the same
processing time. a, b, ¢-- different lowercase letters represent statistical
significance between the treatments with same concentration of DMP at the

different processing time( P<0.05 ). The same below

B | DMP X AE 4 EHE M F SOD E AR
Figure 1 Effect of DMP treatments on SOD activity of cucumber

leaves in different growth stages
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2.2 DMP BN HERARAEEHM F POD &R0

BEE PRI AISER: , AV EEAFRZE POD J5 £y
I FIHE TR EEE 2), 7B R Bl ok
{8 AR b B BE ST POD W& B 5200, IR M Skl
We BRSNS B R T 50 mg- L, R
i, 7EFE W, WRBEAE 30 mg- L' 1}, POD J5PE 53
S KR, T AE A B, ZE VR BE R 50 mg - L™ B 3k 2]
SN

100 a’ C10mg-L
a’ b 2 30 mg- L™
= 80 b o'a a £ 50 mg- L™
z a b’ b o 3 100 mg- L
oo 5 -I--_" , o b b £ 200 mg- L
¥ oeop DEn : b b b’
- -, ae
= o a ' o =
Lol B : ¢, "
Z :_ © dd/
IS B c
& 20 = Ad
=
T
B N e - o
AL AL SR z=eM
AR

& 2 DMP SEX A EEFHE KM 5 POD &R 2508
Figure 2 Effect of DMP treatments on POD activity of cucumber

leaves in different growth stages

2.3 DMP BN HERARAEFHMF CAT &AM

Bl DMP Ab PR B3, CAT 36 4 119 22 53 9%
AN 2 (P<0.05), A 258 EFHE T RS ik
FEIRF] 200 mg- L, #RRIL AN o 7EZ5 I, B E M
FERIBEIN, CAT {EPE SRR, M X BT TR
MR (K 3), FiE AT RNER, CAT iEH 5%
TG T RER S e e AT Z I CAT {EPEEUN,
24 DMP B ERAREEHHTHAHEBRSEN

150 ab’a® A {10mg-L"

o 2 130 mg- L
£ 50 mg- L
3 100 mg- L™

100 B 200 mg- L

CAT J5M/U-mg™" FW

bt B

T

AL T
R
3 DMP BN AEAEBHERM F CAT EFHEMNRME

Figure 3 Effect of DMP treatments on CAT activity of cucumber

leaves in different growth stages

A

A RRAEAR MRS BT R R 2R BEH
YRS, Pro B iR EE b TS, TETEE ), bEE
LI, DMP SEfie it Pro S REIC, JRRBLH M
il o Bl I TR] A3, B TAR RN Pro 5 HE R BLHI Y
RS BB S LRI 22 5 AT (18] 4).

J0mg- L
30 mg- L

1201 Ed50 mg-L™! ala a’
53 100 mg-L™! a aa a

£ 200 mg- 1

907

601

Pro 5 /pg g FW

sl i

4 DMP SRIEMRE A FHERM F Pro & EHIRIT
Figure 4 Effect of DMP treatments on Pro contents of cucumber

leaves in different growth stages

25 DMP BB ENAREEHMTHF MDA €2/
=AU

JiRi8 2 F RN MDA & KRB ZE, hE S Al
B FTA B DMP Ab PR , #5I Hif MDA 25 4R
Bl 25 DMP B (9 38 inFn s ] i) 4R i A R 3 in . 4
Ar R, B 30 mg- L™ DMP 4bFRZH 5 %} B4 35T
BEES, mHALRE DMP 4h#i4l i B H MDA
it X R R A 2 S, 0T HL 25 S Rl (]
(IESETIG R . X UERH , =T 30 mg- L™ DMP ZhFEX}

61 o
10 mg L7 :
st E130mg-L7
£ 50 mg- L
4t 3 100 mg- L a"

3200 mg- L

MDA £ & /mmol - g™ FW

g% %
AR
B S DMP AMEX AR EFHENM 5 MDA & E/I70
Figure 5 Effect of DMP treatments on MDA contents of cucumber

leaves in different growth stages



B A R P (DMP) R ST B 5 8 R 851

TIPS AR G
2.6 FEINRMKRTYREF DMP R E4F 4R
SxHRRAAH, B DMP AbFHLH S 5258 0mm T
HEBTE ., 30 mg- L {40 FH AR T4 i 2 ) FHL 22
AR A, o SHAth A P X6 MR35 T 42 ot ) L S o
HFEF (3% 2) 330 mg- L™ A4 B i 2502 i T 2 VR B
LT YT A B HoAth A A 2 B0 2T
R AKX B K OF 530 mg - L (14 b X
FHE AR R, TR R 50 mg- L 22
SAEE, MEREET 50 mg- L BFEFY) HE
ZH R Z R, BT . DMP 7EX] B2 I
PRMRFEREAR (25 i FR s R 1) (3 3) o AR DMP
TEARHEEE (30,50 mg- L) ZbHHLA Hh (g R B 5 5% BE AR
L TG i 2 22 5, T AE R R B2 (100,200 mg - L) Zb P2
B R TR . DMP &b BHZH B TR bk 4 25 F
o DMP B R4 2 T R, L RE AL B 3 K
M, AR 25 (A DMP R 236 43 5128 ND~
0.049 93 mg+L" ND~0.068 6 mg-L" ND~0.025 2 mg "
17,30 mg- L Zb ¥, DMP FUR /MG RIS 2>, H

& 2 DMP 4 EExE N4k T ERI R0
Table 2 Effect on dry weight of cucumber adult—plant

under DMP treatments

DMP i /mg- 1" #/g-#k" eV /g Bk
0 9.31£0.17b 16.41+0.27b 23.01+1.40b
30 10.60+0.50a 18.22+0.39a 29.95+0.78a
50 8.65+0.83¢ 14.85+0.21¢ 23.51+0.72b
100 6.12+0.41d 9.95+0.07d 20.33+0.94¢
200 5.33+0.47d 7.19+0.26e 10.65+0.92d

T ARVNG PRI R SR AR A [ A B B2 22 8] 22 57 B35 (P <
0.05), T,

Note : Different lowercase letters represent statistical significance be —
tween the same index dealed with different concentrations( P<0.05). The

same below.

ARURPE I ATIIFIAZESRSIT . X 5K DMP b HiZ%
F DMP [f1] FiskirA 5% 5 DMP FH 455 A 3
FERIER MG A, H DMP FUR F B h 2L AR Bl
FACHREEIE, BUTAEREZEH DMP (HF R S
hnie & (& 6),

2.7 DMP Xt &N RN AR E

X HRZH 1 30,50 mg- L™ DMP 4b 38 (14 i ST A 1
TFAESE R, R4 K IEH 100,200 mg- L™ i) DMP 4t
PHP) E TR PR B AR T B2 S (R Ir g R SR e K 2
AR E IR YE (B 7).

T e X B TR S R R E  VC LA KRR 1T
PEATAGI , W SRS 5 156 H, 30,50 mg+ L™ DMP
A0 B A B IR S rh & TR PR AT X BRZH (5K 4) . 30
mg - L™ DMP &b P ) 2 JICAR S 8 AT 1 A 11 2 o S5 0t
HEZH AR FEJCBA W22 5%, 1 50 mg - L™ DMP AP &g 251
FXFHELL . DMP Ab B2 %o 8 IR S 5™ A R ], 4
iR LU RRARG , 15 R S 11BN, e 2 S R 52 s
BIME T R 4 0] 0L, ARG Yeik B2 (1) DMP 4b
HSA PR TR TS T A VE R A

g

(I E'i‘tqu &= s

S %

,q,,

BB DMP 4304 2R /%
2

30+ 1 | | B S
bR 1 s
20+ |
10+
o) T SN S I N— 1l 1| L.
0 30 50 100 200

DMP )& /mg- L™
B 6 DMP FEH MM KB EHRE BRRHER
Figure 6 Total accumulation of DMP in different organs of

cucumber adult—plant

&3 DMP EEINH K ERERRIFR

Table 3 Accumulation of DMP in different organs of cucumber adult—plant

DMP ¥/ /mg- 1" H/mg-kg™ DW Z/mg-kg” DW H/mg kg™ DW HRSz/mg-ke! FW Y ESE R B(BFC)/%
0 NDe¢ NDe NDe NDe NDd
30 0.009 2+0.000 Ic 0.007 3+0.002 5d 0.005 0+0.002 9d 0.000 8+0.000 2b 0.358 3+0.014 6¢
50 0.012 3£0.003 9c 0.024 6+0.002 lc 0.009 3+0.000 9c 0.004 4+0.002 3a 0.462 0£0.017 5a
100 0.024 6+0.001 5h 0.043 1+0.002 5b 0.015 1+0.001 Ob — 0.414 0+0.032 3b
200 0.049 9+0.014 8a 0.068 6+0.004 1a 0.025 2+0.000 2a — 0.359 3+0.012 9¢

TE:ND JyoRA M i DMP,DW 4T3, FW Jyfif s, T,

Note : ND shows undetected DMP. DW shows dry weight. FW shows fresh weight. The same below.
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ki \&4;" /1R, i" o ! \ 3
7 EREAARE DMP B ENRRIZEKERL
Figure 7 The growth of cucumber fruits with treatment of different

DMP at fruit stage

BFEMRICHR R DMP 75 4L B2 T sy vk, B TUR 52
A LR R TR AT DA VE S A

3 it

CAT .POD .SOD 7E{E A TH R R Hh i %
YERT, =35 Z Il U [RIVE T Re A HRAH R 2806 1
HRR LG 0 BT B, DT 0 87 B o 3 AL AR A AN
2= MDA AR B2, Firfg Zb B Hh , B I F
) MDA 7 5 &R B % DMP ¥ 3 (0 38 et ] i 4 4%
M= —E LR, R DMP A ESSEHA H
FH A 7 A IR AR A A R v . 30 mg- L™ DMP
LhFEZE R SOD \POD \CAT W& YE AR o & . T
Jo i A R R i X BR8P AR e Ak B e T
AP RFEBEA RIS, H DMP X F SOD F1
POD [l P A2 2 2500 #4542 5 T CAT, FRHISOD Al

POD 7£ 3 % DMP AL BRI, 45 1 3058 () 95 A6 4
F o X 5285 SFEPOC PRGN PR LTS 21 1Y
WFE AR —2, e 0 il T HHEF CAT.SOD Al
POD 24 T B s (Y B AN . ZE MM DMP Ab 4]
(30,50 mg-L™) = Fh 4t & (L (SOD .POD .CAT) i 1§
PEER BT R Ja AR a3, e BRAE A BT S AL
1) it 175 35 B Fe e 06, SR IEMA TR SOD il IS Y A8 Ak
Fa—5, fEm B DMP 221 (100,200 mg-L™)
= FhFi A AL (SOD POD  CAT) (4 755 11k #BAK T~ %F Bt
21 . KT DMP PR T B Sk G 2R Gl 1 AR T2 B -
DMP fE i 1E — & ¥ B2 T [l A %5 I SOD . POD . CAT
WM AR AR R R, A kA R ™ A B A A
X 5K gRxT Cd i E KR R POD A1 SOD 5210
(R FE 45 A — 5,

T P T A 2 e A s S AR A 4% L SR e Mk
APV ERON , &3 T B AR R 2 RGOk
YRR TE PRS2, IR S /N S A
A I 22 0 16 40 0 38 A2 30 1% I B 308 o 185 4
LR BT, J/INB B R R IS5 4, T i SOD
POD \CAT ZH Ji i) B4t £2 40 W) 3 25023 o B[Rl FH R
TE R 1 4, DT 951 B A 3 SR AE VR o MDA 2 i
1 Ak SN A B 27 ) AR P MDA 19 A2 B S B T 41
Ak JiriE S B0 B Bt i AR T, MDA 5 9
KO FEUAEY T E i . AW E T 50 mg- L
DMP AbFEA P A AL BTS2 L TF, IR & & B
TFH, MDA &&EBE BT, $EH>50 mg- L ) DMP
SN IR AR BRAE B = A B

[ EE DMP b BRAT 9 5 A K22 21 T ],
H A9 5 L SR B W A PRI AR . AT e
LGP 2R B, 24 38 DBP 1 DIBP & 355 20
mg-kg™ DA, S BRMUA: £ AT 40 5 B AT
4, 6B DMP RE6S b 2 B AR 2N 5 B . DMP
TERIVE N R R i 2 BTk, H sl

% 4 DMP I3+ 8 MR R RN

Table 4 Effects on fruit quality of cucumber under DMP treatments

DMP ¢ & /mg- L™ HHE/ % AT % TR LY AP A /mge g FW 4EAE C/mg-g! FW
0 1.17£0.01a 25.66:2.89a 22.06x4.67a 0.800.04a 0.452 620.005 6a
30 0.88+0.039b 13.97+0.91b 15.810.62b 0.730.11a 0.351 7+0.003 4b
50 0.81:0.01b 11.87+0.61b 14.65+0.96b 0.51+0.05b 0.271 4£0.002 3¢
r 0.950 6 0.930 5 09326 0.844 6 0.997 6

T or NARIFVRE DMP S HUER RT VPR AT A VO IEP R R B

Note :r shows linear correlation coefficient of organic acids, soluble sugars, soluble proteins and VC at different concentrations.
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RAEE T AL R R R IR B
DMP 48 5 e 5 1) 811, DMP Fy B 2 Bt 2 il 2
B BT DMP T BT LS 03 6
BERSEI R T ELIS L) )
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