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W OE. 84 EAEFTERBR M (Citrus reticulata ‘Gonggan’) R EZimeyutFadtt, £ AR R EEXAZ, A
PR REBRRAREEREIIE, TF: F1IARRAIATHELEERREAR, F2AFRATMHFTEEMNLE R
Mo BMHEFENEE: AR ABLIARTHILBLZWYIFEIEERE (WK FE Penicillium digitatum,
Pd; & XA FE P italicum, Pi; ¥ EFHE P. expansum, Pe) AmBMAF, REEL—BM 5L 58#EL 7 HRE
B2 #r 3t P& (0.1% NaClO % i% & 3 min, CK1; XI#5RE AN, CK2) ; HENLRELAL, Sttt L ARE
(incidence rate, IR) 5% 454 (disease index, DI) , S AT R F ik =, Mg & &AKW1 4R R BB &
M, MERE-ARSEEA, ZR: THEBERNEZERAKYRE, REABESTHER, LIS, RERE
By $—8AME, PihPe B FRLTRIE, APd Y RRAE LK, HEREN LK, #A4dIRPILEST Pif Pe;
AoHMNE, 3HEFELREM (PAPitPe) , DI (Pd+P) A4 R FHIK (P<0.05) , EFHFEME TS LF
RERFRAL; RERGEZRETHERSE, AEMEEREAS, FH5F HO0, RERCAT TR IEEIHS
(P<0.05) 5 R JRAZ JeAho Bl 5T R 52 AL ScAe 1 s 2 Svh 2 R 48, O, = £ %4 H,0, A& =B (malondi-
alde-hyde, MDA) 4 E k¥ %, PALS CATE R EXFHKEERELEZKMIRADIREF X (P<
0.01) . Zit: AMERMBAEFARERA T FEFTHELLSRYE, WRSGE IR FFREmBTMELE; 15
RAEEEATHESBRE, BIHS5 KA A M A8 (phenylalanine ammonia-lyase, PAL) F# . #F i
A A B (catalase, CAT) FHMFAMIEHREANMGALAS L FEMBTHFEFLEBTMHBEE.
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Effects of Penicillium Species on Pathogenicity, Storage Quality
and Defense Physiology of Gonggan Mandarin (Citrus
reticulata 'Gonggan') Fruit
ZHENG Fuqing, ZHANG Shaoping, LAI Jinyan, HUANG Hailing, XU Chengxiang’
(College of Life Sciences, Zhaoqing University, Zhaoqing 526061, China)
Abstract: Objective: This study aimed to elucidate the temporal characteristics, physiological responses and interactive
relationships of Penicillium pathogens in Gonggan mandarin (Citrus reticulata 'Gonggan') fruits, thereby providing a
theoretical basis for targeted preservation technologies. Methods: Experiment 1 involved observing storage diseases in

Gonggan mandarin fruits, while experiment 2 focused on the physiological responses of the fruits to Penicillium

inoculation. In the Penicillium inoculation experiment, three major pathogenic fungi — Penicillium digitatum (Pd),
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P. italicum (Pi), and P. expansum (Pe)—were isolated and identified from Gonggan mandarin fruits in the Xijiang River
Basin of Guangdong Province and used as pathogen material. A total of seven treatments were set up, including single and
combined inoculations, along with two control groups (CK1: Fruits immersed in 0.1% NaClO solution for 3 min; CK2: Peel
wounded but not inoculated). Disease symptoms were dynamically observed, incidence rate (IR) and disease index (DI)
were statistically calculated, fruit storage quality was analyzed, reactive oxygen species metabolism indicators and defense
enzyme activities were measured, and a disease-physiology regression model was constructed. Results: During the storage
of Gonggan mandarin fruits, green mold was the predominant disease, exhibiting a higher severity than blue mold, with
complex infections being commonly observed. In single inoculation treatments, Pi and Pe developed symptoms earlier, but
Pd exhibited faster spread and stronger infectivity, with a significantly higher incidence rate (IR) than Pi and Pe just 4 days
after inoculation. Following combined inoculation, the DI of the triple mixed inoculation (Pd+Pi+Pe) was lower than that of
the (Pd+Pi) combination (P<0.05), indicating that interspecific competition among Penicillium species significantly
delayed disease progression. Fruit injury significantly promoted quality deterioration in Gonggan mandarin fruits, resulting
in a substantial increase in weight loss rate, and it also induced H,O, accumulation and a significant rise in CAT activity
(P<0.05). Pathogen infection induced severe oxidative stress and a disrupted defense enzyme system in Gonggan mandarin
fruits, which was manifested by a substantial increase in the generation rate of O, - and the contents of H,0, and malondi-
aldehyde (MDA); In contrast, the activities of phenylalanine ammonia-lyase (PAL) and catalase (CAT) were significantly
inhibited, exhibiting a highly significant negative correlation with disease severity indices IR and DI (P<0.01). Conclusion:
During the storage of Gonggan mandarin, green mold was the dominant disease, often accompanied by complex infections.
Mechanical damage accelerated fruit decay by facilitating the infection of Penicillium spp. As the predominant pathogen,
Penicillium digitatum drove oxidative damage and quality deterioration in the fruit through sustained suppression of PAL
activity and induction of CAT activity collapse. Moreover, interspecific competition among Penicillium species mitigated

disease development in Gonggan mandarin.
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postharvest disease control

JTIRAE A A S R A R A AR EE A X
Z—o Mt (Citrus reticulata ‘Gonggan’) 5= AREE
PR, S8l 24 M 7 A (ARG A, SRR | TR, SR B
B BEACHE RISE E I EAR A B
JEEE/INTAET 2.0 mm, 5y TRIES, A3 T R pIas,
At 2w TR DB & i AR T 13.5%, BHEIR L
KT 20:1, i FEEE 60%M ., TR AT (C.
sinensis) &5 Wi & = BB . P VERE (C. reticulate
‘Shatangju’) SR 57 5 15 L L R A (C. maxi-
ma) J5 T o AR wE B AR A, XU I B AT 5 4,
S AE, TRZIH D3 52, Z2URGRAR I g+ KRR
SERRS P, TUAREPHIALAL RN LR AT, DT i
W12 A EAE)IRBER B SR i, I R, &
BRSPS AU, PRI, SRIER IS 2
5y R 7K ZE 3 A 2 A8 T, T Ieopk i S TR Al (C
reticulata ‘Orah’) . A M (C. reticulata ‘Murcott’) |
VKBERE (C. sinensis ‘Jinhong)®, XA 85, & A WF
FEITRE T Z IR EFHAIRZL, TR Y A R
AL BE RBAEFRF AL 2 i o 5 AR S XUBR ) 15 mg/L DA ik
LR ClO, # R AT A R RS2 L FUVE IR s~
B 2R 175 1% 55 SROBER IR R 4 22 2K B J 1 AErisc i
BB R IR B R EE R R (2.0~3.0 g/, 1221
60 s) ATl 2 IR IR 30 d JERE3<5%, (EIFEE 60 d Jm
SRR 2R T, S BB ST A DR I ik A ff 1L
T HEEHR ST, HIE A VIR A AR D, X5
R B IE AL I B AR S | SO LB A R IR S
IS5 A A ) 1 S5 A () A DA BIFSE s BT Bl di it

ST PAS 2 T LA SIS IS v ], 3 R S g o
JERHB SRR ST, w2 AR 8T, A A
AP BT | 2B A XU .

T %% J& (Penicillium spp.) H.FHTE & BR) 12 45
m, g E NS ST IR SE 2 S SO A R S 2
=B R, b 2 ROR] A B (P dtalicum, Pi) Al
181K F 85 (P. digitatum, Pd) 5| 2 1 H 5 9k Al &4 55
I 6 IS TR R (Aspergillus usamii) . % IR
(Botryosphaeria dothidea)%5"% . i Pi 1 Pd &k, H:
1T AP BH B (P. expansum, Pe) | I = H 5 (P.
polonicum) . B 154 (P. chrysogenum ). JZ 7% %% (P.
crustosum) . /R %% (P. spinulosum )SF X7 B
FopPEN T DU I DB R A AR T 22 (Y Pd B AR
Bt — 25 %5 5 4 2 )W s 55 R ( Victorivirus)
PAV1 [RIFF ARG BERR, S 2 T LB R A= ) By
VR TR, AR, REXTHHAG R G B RN
FARIFSE 2 Mo IR 5 7 [l BURALEE . Prehj e st
BHEHARISY . WFFE R IR LA S BREN AT F T DR A%
BorE Pi BEIARN, AE IR MR T A A S REIE 1 22
SEAVEFHBRARIBTRS . REAH &80, P B AT G r™=
Wy AT s BRI BT, (X SETST A L SR fEAe
HR RN R b DX A R SR S, X AR b AR o L
MH T B Db K

2 PR OTAR SR S5 388 7 B AR 3, Y 3 B
TEEATHIR . HEWRIE R B AR S X
PPl HETXT SO B A IR AP RESS A L DR
TRAZ G RR P B L 5 DA v Bz iR P A E AL
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Hl AR, G = F SR i 5 E A R P
18R RS PR A I ST AL B AR N A AT . 2
Tk, ASBIFST DA PRAS Hb 5325 L I B0 T 2 AR A
Bl B2 . FEARGY, PP RSN A AL G
JER B AL, BT ROS B & | IF R & Ak K Bl
TR M A28, BT7E M Tt S H 2RI B AR
PSRRI, S A B 455 SR B 2 BRI JEA
1 MRS E*®
1.1 #RSNEE

W H,S0,. — % & % . HyPO,. FeCl;. NaCl,
NaClO. NaOH, Na,HPO,-2H,0. KH,PO,. Na,B,0,.
K,B,0,-5H,0. Bl fk2gal, B TA RS
Ay ZUE. AR AR . BUIR IR . SBIEMS . 418
IR 3,5-AHEOKIGIR  2,6- G HENy . 2
FIAEH I (DMAB) . N-Z IR L2558 . X350
1R . o-Z5RE b al, i E 2545 H fh2E R A 7
I 2FFf#(Snailase, 218 kDa)  BR, _EH#EEREIA 5L
BFIRAT] SRS SR A AR TER A ST U E
(23°24'N, 111°26'E), BEIRHAIRAR, A SV, ZE KR
4, BB s IE . K/NES) | R 4, RESCAR
fAE . HUBHREL . A 544943591 5.2240.33 cm.,
5.62+0.37 cm. 0.93+0.01 g. 119.5+6.5 g, KA#iHtE]
A IR 12 H 20 H, Ri)5 B T IR E G E
T EISEE AR A WA PN IRIRE . &2
KANFEHEAY RERE, RS AR ZRILTL
TR 15 A A SR e STAl, AEE IR T P 30 d
B, MIRTEBLIEI Y 86 A~ R R &4 gg alifh . T2
ZEMEE PCR 1Y | [RIRM: LR . KB IREZ P

4

HRTE PDA 5373 IRV

K1 At 3
Fig.1 Colony morphology of three experimental Penicillium
species cultured on PDA medium
VE: B 9% 4 F: PDA B3R 5L 2641 °C 1537 14 d; H A B AR
HNERNEE. THIRER. ¥ RTE.

HE RN 3 FEURE R, R TR VKFE Th R A7 25
JH. BERhET, MERTREIMRTE PDA B3R FiRfbi%aE 14d
(1), DRASAEAHL 7 WO a4 S0sd=a [ 3
B 2R 2 T A A LR A%, )RS 0.06 mm, 4S8
#% 300 mmx450 mm; 4 S [ £5 1% B 22 TEHES .
BA% 2.0 mm SIHFL 4 4~

B E VBB SR P K A s T
UV 22, AT I B I ATIRE A —20 °C (LI 6.5 °C
JHTFBTAA ) ; XMT BUR IR JE4 AR AR
IXFATBR N ] HZT-A+200 HL 7R @I RBHEIL
AR A HH-4 B EIEARES N EIEm S
FHRFE] TGL-16G B0l LI e R 22U ER) s
UV1100 25580 L4060 CRETE I SENT SR A BR
N
1.2 XFHEE
1.2.1 SESGEET FBF RIS . 45 1 0 R
SEIVREPE SR SIS, B SR TR I e (5] AS [
PG T 1 &R e, B 3 PRIV AL T S1 A
R EAF IR (12.5+3.5 °C); S2 N TSI TE R K P iz
Fish 30 s, WiTJa, T AR I S3 e i
(6.5£0.5 C) . A IE I 543, AR T
30 o WHEERT, FH 75% B PN As (0] R as i)
FMWESE T EE, TETC RS T I 224N AT 30 min
BN R, E BT 30, 60, 90 d BUREIM 52 S 52 &

55 2 Wik UM EE AT I 85 5050, HERE NaClo 12k
RS EEFIU, RS B DT B L IR
J5T . ROS A5 Az [55 00 il 0 4= 140 35 i 5 >R FH 2L R 2 X6k
Lhyk, ARRIAh S L] & ME—AR i, 8 2 P IR 2%
7 PP AP AL BR, 43 51 2 0.1% NaClO 32 & 3 min;
0.1% NaClO ¥&Z5H: 3 min, e 7 X 3 45 10 mm K&
JE13150.1% NaClO 25 3 min. & 3 45 10 mm K&
JZ205 0, 43 ) R — e AP R IR B (PA) L TR E %
(Pe) . 22 KA # 85 (Pi) M & & #: Fh (Pd+Pe) |
(Pe+Pi) . (Pd+Pi) . (Pd+Pe+Pi). AR
& 100 CFU/uL, i i A FE e p A i A SR e fh i B
¥4 1500 CFU(GE 1),

®1 AFEERMHEBT

Table 1 Experimental design of different Penicillium species combinations
T AR HeFp b SRR (CFUAR) B AR (CFUZR)
1 CKI 0.1% NaClOiZ 3 min - _
2 CK2 0.1% NaClO¥- 53 min & #134K:10 mmfsi [ - -
3 T1 $ERPPd, 15 pLx100 CFU/uL Pd 1500 1500(Pd)
4 T2 $:FPe, 15 pLx100 CFU/UL Pe 1500 1500(Pe)
5 T3 PP, 15 uLx100 CFU/uL Pi 1500 1500(Pi)
6 T4 $HI(Pd+Pe), 7.5 uLx100 CFU/UL Pd+7.5 pLx100 CFU/UL Pe 1500 750(Pd)+750(Pe)
7 T5 Rl (Pe+Pi), 7.5 uLx100 CFU/UL Pe+7.5 pLx100 CFU/LL Pi 1500 750(Pe)+750(Pi)
3 T6 BEFP(PA+Pi), 7.5 uLx100 CFU/UL Pd+7.5 puLx100 CFU/uL Pi 1500 750(Pd)+750(Pi)
9 T7  4EFP(Pd+PetPi), 5 pLx100 CFU/UL Pd+5 uLx100 CFU/uL Pet5 pLx100 CFU/LL Pi 1500 500(Pd)+500(Pe)+500(Pi)

T =" RN TR
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1.2.2 R I7 A By 2 R AR, 76 PDA
BrgR st B3R 14 d DISRASEEEF (B D), R )]
AT BRI, #LTH)E S 100 CFU/uL, il 7k
Fedfe B2 72 - 7F PDA B5Fe Xt B IR SR 1, F5W]
HX 20 F, B T ICw/K b i), i skt 8ot
BB TR E

BERhE, WA SC IR JE Oy w1, [A]Bg 1200, S A
EFESRSCARIELR T IRIEZR N ARIELR T 3 N
AT 1 SEIB A0, KBS 10 mm, TREEFN
VE NP R B, EEE T A B . T H
WA AN EE T M43 3 RIS ASHR 15 ul iZFh
HEAMTE T (100 CFU/pL), 4% 5 pL (4R ]
f% S min), PRUERAARSE E S0 B X sh. 26
PP, AT E B R AL A (R 1), flS AR
BERITR AT 2T

R 2 h J5, $EA RN ER & 435 258 A IR T4
HFF ) 4 3R 2 0 Y8 ) T IR A F L PR B 4% o (R D TR
0.06 mm, 48 %% 300 mm, 22K 350 mm, 43 5P 1A
XoF NS B A BRI . HAE 2.0 mm BYSPEFL 4 4,
WA 8 FL, ZEIEHES, FUEEE O, b Ric, 7ESEL
EXWBEEFRNE . 535, ARSMH, & L7
8:00. ML I~ 8:000 M Jf- 1145, 4/ h 5 0~10 d iy H -
RN 14.6£2.3 C.
1.2.3 SSRGS IR0 35 LSS L 56 45
% 30 d. STHMZEFME S SCI0 R 1 d MES, Il . id
1 AR SRR TE O, CLFEIp B L BREsHA] B Ak, 43
ST AS ] Ab BEAH N H 200 5 55 & 9 Z2 M T T8
o KIbER: SROEREH I EAE =0.50 cm YPH
7%, Wt RIREE G He E s . Feph i 2 s,
T4 10 d J5 A 3R s 8 0 R S0 il L o] 2=
5,5 14 d 5B AL, W Ee it 4 A B R T
10 d F9%E . AR iR i FHLE R A ER
i ks AR BN 1 MU FMER L, M IE AR
FAFAEE ST I EAL, N UCRAE R S AN LB IR 5L .

SRR REEARE A 3 PY IR AT DL A K R BB
UJggrs), RiAm R RSB A ()T, #ekb
BRA RS 5 ASREL, 3 IREE, SIS 15 R
S A (TR IR GRS . & R M)
g e AN R R EH 5FR (%), 78
8. 0. ILIEFERE; 19%: 0<R<<1%; 2 Z: 1%<R<
5%; 3 . 5%<R<<10%; 4 2% : 10%<R<20%; 5 g :
20%<R<<50%; 6 Z%: 50%<R<80%; 7 %: R>80%.

e o BRI
RIS = o

100 2 (D

JTETR (%) =

Z I3 AR RA X 1273 2 9 SR S5
TR AR x R

x 100
& (2

FIR IR TR FAUE R AL MR, SR R4 P
PedE 1 USRI SE, PIE LA FAEE 5 i [ AL,

N UCRAE BRI
1.2.4 SREFHEHURRME A H, B4R
2t S BRI DU e Jo i (B EE) , IR I, 2R
SRR RIE (BT

NI JoE — i o

S TR R (%) = SO X100
X (3

1.2.5 RN DPE S AR & il e PASRSE
HER AR YR B iR, 43 5= I8 NY/T 2742-2015
ORI B S vl S R B I R 3,5- A /Kigig Lt
). GB 12456-2021 (& i 2 4 E A #E &b
BR A 5E ) (NaOH i EES) . GB 5009.86-2016 £
FPLIR MLAR 25 22 0 2 Ty 725 ) (2,6- — S B He mik ) il
E, L 1.0 g fBERE,

1.2.6 O, J=A#RNE SR ik,
SR DA SRS H BEBLIE L 3 >, 4351 BORE X e SR
J2 1.0 g, FHZRE FoKohyk 3 ¥k, B9 #¢, Jin A 5 mL
50 mmol/L PBS ZZ Pk (pH7.8, ¥ 1% PVP), vKiaWT
BEA)3, 12000 r/min., 4 °C B5.0» 20 min, Y5 FiERK
JEio SRR, B 0.5 mL WM, In A 0.5 mL
PBS ZZ ¥ A1 0.1 mL 65 mmol/L #hEF2REE Uk, 1R
AJJ5 25 °C £RIE 20 min; ATA 1.0 mL 58 mmol/L X
SAIEAIETRIAEN 1.0 mL 7 mmol/L a-ZSEIEK, 1R
57,25 °C 4L 20 min; JiI A SGEAE = G H b 2E
Bufa 22, 10000 r/min B5.0> 3 min, B EJZRYLT A KAH
F 530 nm PR FIMERSCE, R 3 K. AR (4)
T O, AR,

O 7= A (nmol/(min - g FW)) =
nxVx1000/VsXtxm A (4

K :nh AR HEZEERN O, Y i &
(umol); V AAE S BEHUR EARFI (ML) 5 Vs Al %2 B
FTBURE WA ER (mL) 5 t SR 5 Y2 B 2 W B[]
(min); m HFES B E (g FW) o
1.2.7 HSEMAEH,0,) FEMNE SRR 7
120 NSRS P BEALRIE 3 >, 25 HORH X B 2R
R H2] 1.0 g, &3 Fo/Kohik 3 IRIGBY#E, I A
5 mL T0¥& PN ER, 38 KU A ok s ks 51 2%, 12000=g .
4 °C B> 20 min, W LW TTHE-20 °C FId ™
B 3R LLSE 4 RBR R, )5 A 3.0 mL
2.0 mol/L FRFRE AT ITVE F0 43, TR ik g
NS S =M e =S e - S o e o O W [ R TR 8
AFA(mL) . BX 1.0 mL VW, MR IEARHEth ZeilVE T
1 FE 2B ERAE, T 415 nm PR AN EWSGCE, BEE
3 WK ARTRIMRE i IR G B H MABR v ith 2 Hh 2 A5 A4H i
H,O, ¥ & (nmol) , #2455 (5) i+ K & H,0,
F & (nmol/g FW)

H,0, % = (nmol/g FW) = nx V x 1000/V,xm
X (5
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KA n S PR HE A 15 19 HLO, 9 5t iy i
(nmol); V AL FR- B SR (mL) 5 V Sl a2 Bt
FITEURE SRR FR (mL ) s m AR S BT (g FW) o
1.2.8 MDA &&ElE SMZEBU 75k, BEL
BEHL 3 DT A SR S2, 43 ) BSOAE X £ B SR 2 20 41
1.0 g, HZEE F/RMPE 3, B5#E /5 i A 10 mL
50 mmol/L PBS Z&hi (pH7.8, & 1% PVP), W EE~]
4%, 4000 r/min B5.0> 10 min, B _F3E# 2.0 mL, /il

A 2.0 mL TBA Wik (¥ 20% TCA 5 0.5% TBA),

RAIE BRI A0 15 min, B EE X T 4000 r/min
B, B EIE WO BIAE 450 nm A 532 nm T
FE W HCEAE (OD,50. ODsy,) o FEAFESEE 3 K.
Fie 5 (o) A2 2 (7) 43 5 v 58 AT i PR S Tk BE
C,(nmol/L) #ll MDA ¥k} C,(pmol/L), Jf-iE—AR
i C,/100 #3545 MDA 5 (nmol/g FW) .

C,(nmol/L) = 11.710D,,, = (6)

= (D

1.2.9 ALY LE (SOD) ikl E =18
ZERRUN (TN AE o BUDTH SR R AR AL 1.0 g, il £ Bl
AHIRR I D S BR ], % 5 RN, Hidh 3 3028
M %248, 54 & 1.7 mL 0.05 mol/L 1% 44 2 vh
# (pH7.8) . 0.3 mL 100 umol/L EDTA-Na,. 0.3 mL
750 pumol/L & # POk | 0.3 mL 130 mmol/L HE &L .
0.1 mL T 1 0.3 mL 20 umol/L #8325, 55 2 & H
X REAE, LH ARSI RE B ARIR], (LA 0.1 mL 22 g R
B o o — ST AR B RS AME S 25 A, L4
F 4000 Ix HYGET RN 20 min, 37 B2 A RGARZL 11
SN LABECEFTEZE, F 560 nm P K T L, SOD
WM B Xk A v SR i 2H UM NBT Se b if 5
50% JTiE B — 1 BAL(U) . EBE 3 IR, #EAK
(8)314 SOD 7%,

C,(umol/L) = 6.450D,,,~0D 4, ~0.560D,s,

(ODc - ODs)V
0.5Xx0ODcXx VsXxtxm
X (®

H1: ODc Sy BOCXT B IR OGRS ; ODs AR A4S
W SCRE; V RIRBURUEAARFI(mL) s Vs il 2 R
AT (mL); t S S B ES 8] (min) s m HFEE S & (g
FW).
1.2.10 #HEALE N (CAT) JEMENIE 2 i 23407
BT IRMIAE . B 0.3 g B, INA 6 mL T $EH LR
W (&% 5 mmol/L DTT 5 5% PVP), vK & WF B,
4 °C. 1200xg #&5.0> 30 min, W & W VE R il 42
B - LA 3 mL ZE1EKAE R X IR, Sem A 2.9 mL
20 mmol/L H,O, %, FRHUE A 0.1 mL BEHR = A1
YL b A ML 37 BISHA, F 240 nm 3R E ot
FE(ODfH) . L 15 s HHIUAR1E, 45 30 s 2L — IR EL
P&, FELE 3 min, EE LK IR . A (9T
CAT 3.

SODiEME(U/(g FW - min)) =

CATIEHIE(U/(g FW - min)) = AOD,,0xV/(0.01 x V xm)
X (9)

FrP: AOD,y h PR B [E] G BE AR, V S AE
R BOR S AR (mL) 5 'V, I 2 BT A 32 OB AR FR
(mL); m NAE N R E (g FW), 0.01 £ /R &4 4
AOD,,, FEAI% 0.01 %2 L 1 M ERAL(U) .
1.2.11 Z£y%AALEF (polyphenol oxidose, PPO) I 14
M5E ZHE Zauberman 28U (. B 3 RS,
THRIVESNE 1 em ABOHXHE R B2 45 1.0 g, i
A 5 mL pH6.8 BRI, vKIGHHE, 5% % 10 mL
B0, 8000 r/min 250> 10 min. HX 0.5 mL i
(BEFHRBGRD , A 2 mL BEFRZZ IR 1 mL 0.5% <1
2Ky, IRATE T 420 nm PR FIEROGRE (AL, o
PLEBE ST Bl Ay 2816 0.01 28 1 ASBE TG J1 8007 (U),
PPO M358 U/(g FW min).
1.2.12 JLT JE g (chitinase, CHD) J& Pl 2 &R
Boller " (7 1k, WS AEME S, B 3 AR SE, T
ANE 1 om ARIBHXT AR B2 iAE 45 1.0 g, IIA
5 mL pHS5.2 BSHRZE vhil, VKR, 8000 r/min 50>
10 min. HZ 0.5 mL 3%, il A 0.5 mL IRAJLT
JBt, 37 °C /KB E 40 min; M1 3% % 4= 0.1 mL,
37 °C k25 40 min; FI1 0.3 mL PUBIRRERIEAR,
BEKME 5 min, HRAKEED; IIA 2 mL 1% X %
FIEHEE, 37 °C ¥RF 10 min, T 585 nm ¥ K FE
WOGEE o DAAE 538 B va e 20 SRR AL 7 A5 1.0 pg
N-Z, Pk 22 5 4 2 0 2 o 1 ANl 3 P B2 (U)
CHI %3~/ U/(g FW min),
1.2.13 ZENEARRMENE(PAL) WEIENE S REAR
PHEERO XSG AR Tk B B . DU S M
B 3 AR, S SIE B Y 1 om JE BIBGHEXHELERE 19
R EziRAE 1.0 g, IIA 5 mL 0.1 mol/L pHS8.8 ilifi% 2%
R, TS . AJ3%, 2000 r/min 5.0 10 min, B F 15K
M Asgge LABESTER Aygg BXZE 0.01 2R 1 AilgiE J7 5
B (U), #A(10) 4

PALE(U/(g FW - min)) = (U x V)/(0.01WXTxV,)
# (10)
Ao v, Y BEFRIBGR 1) S AT (mL) s W AR5
et 7 (g)s T A IE] (min); V, S AR 2R A T
B A F (mL) o
1.3 BEAIE
SEESEATE A =R, ffi ] Microsoft Office Excel
2016 FRAFEA TR E R -850 b=t AR,
FAXBH G (Duncan’s) # &2 i 257553 HT A [A] b B35
Bz a0 Iy 28, AR ING SRR B IR A 1 25 5 T
FE, P<0.05 FonA WEME2E
2 HBRESh
2.1 FUHIE A RETEFHERENLRE
N 5 S5 A4 k2 5 i) DT AR SR SR S5 F I R A
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Table 2 Incidence of different diseases in Gonggan mandarin fruits during storage
IR (%)
TP At 30d 60d 90d
HE SRR EAYMR HE g EAYR BRI gE BRI
Sl: HARZM E(12.5£3.5 C)  3.3+0.5%  16.7£5.2°%  4.0+1.5%  223+6.5% 333+6.0° 21.044.9°  333+58%  36.7462'  30.0+4.5%
S2: ¥ KIRVE30 s, ARSI 7.742.1"% 454157 1.1+0.8%  16.5+4.8%%  20.1£52° 16.7£3.9  18.143.2  26.6:4.0¢  32.0+4.5™
S3: & (6.5+0.5 °C) 4.5£0.9%  1.0+0.5" 1.0£0.55  6.8+0.8"%  8.0x1.0"F  1.2+0.1* 5.2+0.5%  12.6£1.2%"  10.8<1.18"

T AR/ NG ISR R U 2 7] 22 573 3 (P<0.05) o

IR HHE(S3, 6.5+0.5 °C) NI AR E R LR, &
758 90 d Bk, T8£I . LR AL NI 5 YL K I 550
UL A 5.2%. 12.6% F1 10.8%, 147 2T [ SR &1
T (ST, P<0.05) . 7 HIRGFZAF (SO IREF T,
LREEIE N E BN E, RWRAEN S (90 d) ik
36.7%; W BF, 52 & GL i IR B8 Sy ™ H, R i R Gk
30.0%, TEIKIZVEALIE(S2)TE—EFEE | Al 3ES2 s
R A, RO B, AR W T 85005 . SRR AR
B YR R IR R 18.1%. 26.6% Fil 32.0%, Jig &
Fa RSP AT DAL B RS 5 9 S 32 o SR IE 80 ]
LB MR, AR T RN, HE Y
R A TE, L HAEARIGIR A T 5 . IR
LA Sk A R TR I R AR (3R 2) .
2.2 FUHHRSLEMARMAE BT EN L RRIE
FeRPa 1 d, P AR S 2 T A R0 558 2 TR VR A
Ko B8RS 2 d, PR i B AL B SR ST G
KB KR 5 (P B R T L v, P
JETH R (Pe), TR EE(PA) H R AI IR AT UL 74 A AT
e, B 2 ot SRS —HE WM 4. 6.8d
JE W RIRRER . U 2 PR, RS 4 d, BE B
M Pi 5 Pe DRITE IS Tl COBPIREE R, i BEs b 2L
75 IR ; Pd PRTA S B OBPIREE R, AN 4
MY R v, S VR G, RS 8 d, Hyg
Bt 1 AR Pi AT Pe 43K 96.5% Il 205.6%. $%EFP
J& 10 d, AR SRR A T3

44d 6d 8d

K2 TR SR B — TS R 1 R R TIE
Fig.2 Disease signs on Gonggan mandarin fruits inoculated
with single Penicillium species

T A BORFIT R (P B: IR 5 (Pd); C: BT (Pe)

AR T, 2ERUE 1 d SRR S 1
FhIC 35 22 5 3RS 2 d, A0 B A RS0 R K
BHL, WG AE 5 B— AP AR DL, FRBE R 455 11 AR 4R -
H UK ERIRIEAS, 2 3 d 5 I ZGASHLIN ) P (55
PR, B2 v Sz i S BT e L s R S IR ),
A B TR] e B — B2 Rl . & 2 JROR T HEEFNS 4.
6. 8 d HYHLIY BpeREtR, T 375 W WEE S AS [R] R A 19 B
2SS IRSIE . NS G, & BILL
Pd B L, HR PR S A5 R B TR/ INX . AT,
W PRI P R R, AN ) B BREZ (AT A 4 43 5, Pd AT
AL A KA1 Y Pi B Pe B Y%, FHAEARTEANIE B
WL RN A B 3 S TR S SR R 6.
8. 10 d MY KRIFIHAE o

6d 8d 10d
B3 TOMERSA A RS R S fiF

Fig.3 Disease signs on Gonggan mandarin fruits co-inoculated

with Penicillium species
7E: A: Pd+Pe; B: Pd+Pi; C: Pd+Pe+Pi,

23 TUHRLEMARMASTENREEEER

AEHEAN I SR YT 1], P A XoF ) 22 0 1 O 22 5 i
., CK1 HE 10 d A HEAFE R, H& LR
(IROMAK(3.5%); 1] CK2 HEE 8 d At IR 2HHE TFH#
#4810 d IR BPEA 50.0%; BEI KA I SE fm, IR FFEk

=1, 55 16 d AER ARSI (IR=100%, K] 4 Rt

B o AR E BT EIER S 2 d G
955, IR G ETF, 45 6 d IR KT 50%, 25 10 d ik
90%~100%, 32 BA 455 111 AT & 25 i 38 2R S 6 s o 72
(E 4).

WIIEFEEC (DD 43 M i — 2048 7R T AN ) B TR A
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Fig.4 Difference of incidence rate of Gonggan mandarin fruits
inoculated with different Penicillium species

e ANF/NG R R BE 2 18] 2% 5 B 3 (P<0.05), F 5~
& 8 [,

MBI TE2E 5 (K 5) o Hidempast, FIR T 8 (Pd) Y
Bov i, H DI iR 24 2 = T HAh AL 3 (P<0.05),
HeFhE 10 d DI ik 55.4%; ¥ R E 8 (Pe) IR Z(44.8%),
HERHITF A (PO AT 155 (39.3%), 228 Pd 7ETTHH SR
SEh HAF R ARG R EE T o

100
80
60
40
20

0

02d e4d a6de8d=10d

BIRTEEL (%)

HeAp b
K5 STRER SRR RIS %500 R Te 805+
Fig.5 Difference of disease index of Gonggan mandarin fruits
inoculated with different Penicillium species

BT IRR MBI A AR R . 2
(PA+Pi)AbF AR, JH DI ZEINGECRTE (B2Fh s 2~6 d) 5
PP (Pi+Pe) AL HUFH Y, (HIR T Eefh (Pd+Pe) AL FHE; I
P B (BERP S 8~10 d) 3 /NTFHEeFP (Pd+Pe) bR
(P<0.05), i FE R TR (Pi+Pe) AL FE(P<0.05); $&FH
(Pd+Pe+Pi), DI 7£ 10 d HAME]E R dR/)N, 98 3 AE T i
. 45IRERHA, Pi N Pe Z A7 AE MR ECRRN,, Pd.
Pe. Pi HAF/= A= 32 HPHIRON,, B 78 I v B (Al 19 B
VEI Z X st F R LR EFH (B 5) .

24 EMARMEFTEXTHRIIE SRS

T 388 it JOT A PP 3 R B it A SR S breps P )
SRR . BRI U< 3R (Weight Loss Rate, WLR) J&
J2 ISR ST et i DB e P I SRR, TV ]
JEW) & H: (Soluble Solids Content, SSC) J2 17 5 JR- 5
B EE 5 IR B AZ O FE AR, B LR 7 &= (Organic
Acid Content, OAC) &R SRR “ S | S i
SRS AEFING PR EE RS bR, — A R RICR 5 A
PR SN

Sy MTEREH, I EGA A TTAH SR SZ(CK 1), WLR 2
Frge BT SSC 5 OAC NI ZHT FFFEHaEy; %
PR A55 A B (CR 2 ) A FENE ik L3 ] 2 K M 4R 35037

00d @4d @8d

AL 2
B . 00d B4d @8d

FEFp b3
00d @4d @8d

EEgusty
K6 A ARIFSEE EBX TTNERSE 3 TAL B bR IR

Fig.6 Effects of inoculating different Penicillium species
on three quality parameters of Gonggan mandarin fruits

i SSC i = T HABAN T, J5 L2/ S M55 B9
5 AR et T R YL I DT I R, 0T 45 AR
FE(E 6). o, sppidfh s 8 d, #2FF Pd JR5Z WLR
M 2.32%, B3 TR Pe(1.85%) . Pi(1.39%) (P<
0.05) (&l 6A); [AIRY, 325Fh Pd SREZ SSC Fl OAC F&AIL
W B R FHe PP Pe. Pi, PHIRFEHRF- 3435155 5.1%.
4.9%(E 6B, &l 6C). Z5RULH], AFHEEFMZ YL
TENNRE ST 7K S3AE . T POPRERA I . s 5t ot
TIRSR T A AEZE S
AR, IR AR B AEXT DO RS

ARPIREMM RS A 2% . RS 8 d, AR & (PA+Pi)
WLR 5 5 (2.21%) , 83 & T (Pd+Pe) (1.95%)
(Pi+Pe) (1.59%) (P<0.05) (Bl 6A), AT GEIE T A &A0
S MO S IER; =R (Pd+Pe+Pi)
SRS, [FI WLR Sl 2.05%, 4T (Pd+Pi) 5 HATXUE
HAZ ], RIS BNl U R 550N, R — s
B ARG T ST S BT AR AR . M SSCL OAC ML
F(E 6B. K 6C), —IpRP Y STANR I 5 T 45748
PR R TR (PA+PI), 53 (Pd+Pe) | (Pi+Pe)
FHIT B EE O, 10 Z2 R AR T BEAE A A 5 4, 3
SRS T BRI PRI B RN . A LRI 1
R gk &8 disTAt SSC 4B TE (& 6B), &R 5k
A5 5 S0 T T A 2 PP A B 5 B A e ) [ 42 P A
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Frahnm R A8 . BRI B BT, TTA SRS
OAC BENRFRFERIN I, EHFE 8 d, I HeFp AL B
OAC FIE T 30%(15] 6C), KIFRIRYL B FH
AT HLARRE A

IRGEIR R, HERGE K ST B
AL Nl ST SRS R, BT 4548, HAN
RIAAP S N BAEBST . Pd FEEARR L H R
PSR, 2GR ] Rl R A SE S e — e R
SR BT 45 78, PR H B ESSH 5 HAE G R XT 5T
AH R o5 B e A R e M RS2 i B AR AR B B 2R
W
25 BEMARMEATENTHRE O, FERE,
H,0, #1 MDA & EHIFNT

1E T4 (Reactive Oxygen Species, ROS) B % 5
RSN i S AP SR S hTie PRI e RS g P A 0
AEFRIE N . O, /R ROSHIERIATE 54T, Hopm A4
R R R B E IR R AR S I AT R B s H,O, 1ER
AT PEE A, S AR 7 AU MAPK S8
i % MDA YERIE B EARL ™), i e RAEIE R

00d B4d @8d

/4 7R [nmol/(min-g FW)]
— N W W N
o Ww o o o n

)

Fegusil

E 00d o4d @8d

ek
00d o4d o8d

) [ Q\ ™
Q&Q PR Q@x‘l

FeRhaba
K7 MR FERSEE R TUERE O, AR | H)0,
FI MDA & Y2
Fig.7 Effects of inoculating different Penicillium species
on O, - generation rate, H,O, and MDA content
of Gonggan mandarin peel

Grebka e R E S DI RER USRI, SR S AL AR IR0 26
AR AR

Sy Mra R, i b B SRR e O, AR
| H,0, Fl MDA F i 25 [56 I j8 B 8] 2k < 1 -
F+, 5 &SRR 4 AR a2 (& 7TA~K] 7C) . L
MABTALFE(CK2), IS 4 d BI5 [dixX 3 TR i
# EFH(P<0.05), IS 8 d O, 7 A3 | H,0,
Fl MDA & 43 B4 CK1 FF i 72.1%. 203.5% Fl
156.9%(P<0.05), UL 45 k. 35155 A S A N 85
BB b, R ECR I AR e M R EE A AL
il (A B R YL — 2L I S A BB N o

T B YL T Y SR T L S R Sk S TR A
2z 5 SET IS ARIE . PSR 4 d, BRAIE %
(POALERLH ) O, J7 A% | H,O, fl MDA &
B, IRIRE E (PO IR (E 7A~KE 70), ¥ 52 (Pe)
JEE]; 2245 8 d B, /P Pd 1Y 3 THEHR W38 T4
Fh Pi F1 Pe, T MEess (P<0.05), I Pd FEfZYL
JE 2SI T ) S AR B SR, AR 55
SO R A AR P 22 AR L RS Pi A
ik ROS B A&, 1M Pd D] B yps R 4 2 328 Wi 1Y i 4
ety . ARERSAARIREL T, I a BERR AN BN 3 T4
A HE bR 55 v T R LA 475 % B CK2 (P<
0.05); FEFEN R, CK2 i S AL VE A58, It
7% 8 d 1Y 3 WidEhnE TR ST B AL 0. 4 d B2
{8, {H ] H MK X0 22 AR, i & F2 0Lir s
B AR R GE 2R LS T s LA A, T R
ROS }#E SRR A bR O STt RN
Jo1 45 AR g S A LR

B AR BRI A FE LR A E AR S
Frebthge . = EIER (Pd+Pe+P) 9 O, 774
% H,0, Fll MDA & 57K R B3 4% AR H]
&AL RS 8 d, O, P AE N (3.15 nmol/
(min-g FW) )k T (Pd+Pe) (3.18 nmol/(min-g FW) ),
{055 F (Pi+Pe) (2.89 nmol/(min-g FW)); H,0, it
(168.9 nmol/g FW) i S T PR M 2 B R 2H 55
MDA %1% (80.8 nmol/g FW) it ZIL T2 (Pd. Pe.
Pi) & (Pd+Pe) (90.5 nmol/g FW), H 1k T ( Pi+Pe)
(86.6 nmol/g FW) 5 (Pd+Pi) (89.5 nmol/g FW) . %%
R, — PR 9 S AR KT S 2T = 2o
T3 AR K S AR ZH 5 (P<0.05) , DB Z2 B A7 m]
1 FpE]SE G- ROS B A M B, SR ENEd &
LR X — R IR, H AP a B AR S B
HEZVVEM, B 525477 A PR, K El
TEP O RHIES T R BUR EAREOR I .

IREE IR UL, AR GGE T & ROS 1 A&
ARG Ak s STAR SR S ) S G, AR S
BN B EAE 72N 5. Pd AEALFS R B
e A ALRA S SR8 7T, 2 R S HEA R R e
= AN E s | IR v S 5) R K (B SR W = R A VAT
i ) AT TR .
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2.6 IEMAREMAEENTTH R HESE AR

ARG B S AEAR SRR AR 1 B AR it
ARG E e B . Hidh, SOD Al CAT J: [A] 7 5
ROS, 4L 5 Fa 45 PPO Tl CHI 43 911= 52
SR RIS [ TR A M B A A L R PAL VB ST BEA
WIRAE A SR BRI I, PR PR R S AR TR 5 K-
TE RS BEARR R T, PSS ARG

35 00d o4d @8d

SODJEYE [U/(g FW-min)]

e ib 2
00d B4d @8d

CATIGE [U/(g FW-min)]
S

TR b

00d 04d @8d

DN
o n

o
9

PPOJT 1 [U/(g FW-min)]
= &

N > e‘ D2 Q@ \2 \:
& @ TEESE

S
HeFpab B
D gs.o . 00d O4d m8d
=
s 5}
20
2,
#
5 C%'\CQ Qb Q@ > ><Q®.>3© XQ‘\‘ >3\
Qb R Qb Sg@
FEAp AL
E E 10 00d o4d m8d
5 .
s
20
=}
Eul
”@ = =
.J 0 i 0
SRS SO T 8
& ¢ I F

X

Fefhaba
K8 R RIFNSETT &N SO K 5 Fb B AR B 4 0 520
Fig.8 Effects of inoculating different Penicillium species on
the activity of five defensive enzymes of Gonggan mandarin peel

e I R S AR B S HURIRAS, T PR R b
PSSO TESR S, PN XU A AR AOAZ O FERR

5 2k SR U, A [a) &b B X Bk SR Bz 975 480 1t 5
PR e BT 2 BT S5 A PR RE . CK Y
SOD 7EPELEN K 4 A1 8 d 4334 0 d - FF+ 40.8% Fll
52.5%(P<0.05), CAT i PN LR E ; CK2 (FLAR IR
£3) Lb B SOD Fil CAT WGPt 3 | FH(P<0.05),
GG TR PR R (E 8A L B 8B) . SR,
A B B AN BT EH (UK 4 d) B5S SOD Fl
CAT i TR, (B ZEEE 8 d KIFE F(P<0.05), £
95 [ A= G S D3 BT AU I P S SRR, o
— 3R, 78R FH R (Pd) 312 SOD 1 CAT &M
R B ol i 25 (P<0.05); B &Rl h, Pd+Pe 4H G T2
FI%) 6 ¥ P R TR 22 S, T 3 PR e B2 Fh (PA+Pe+Pi)
DI — s P 2SO (] 8ALL 1Kl 8B) .

PPO 5 CHI ¥ M X A4S [6] &b B 74 mi] i 5 SOD
T CAT ArAEl. 5 CK1 #HLEk, CK2 ZEANRS 4 d,
PPO Fl CHI & M43 51 i 2 15 34.0% FH 13.6%(P<
0.05); 2% 8 d, PPO JEHMEEIEZEXTHRLLT, i CHI i&
PR UE— BT (& 8C. Kl 8D) . R TE R, i
T T PR B AR T 0 T PR R SR I (RS 4 DN
Fler, Hop: PPO SRS CK1 il CK2 4335 216.5%
F1 136.2%. CHI 4351 5 57.6% F1 27.9%( P<0.05) ;
SR ZEEE 8 d, FifA 2R AL B A PPO 5 CHI 1h M1y
SURITF I, B Pd AbFRS R GRS R AT A
(K 8D) . S—4EMELL, 2GR I RFTRI
H PG PR R S NSO 5 AR S, 3 A A W] B2 A
(Pd+Pe+Pi) 7E—E MR 2% T BEYE T B, H: PPO
FI CHI VMRS 8 d 1Y REEMR AL B 25/ N T30 43 XU
ZH4(P<0.05) .

5 LR 4 R 0 #SR AN E], PAL 16 HEAE T
AL RS FRE(E 8E) . CK1 19 PAL 7G PR
I Fre /IS, 258 8 d A REAIR 9.4%(P<0.05), 1fif CK2 14
R B35 X T CK1, 35 38.1%(P<0.05) ., $%RPhi5 5%,
JLHABERD Pd, PAL WG PERRIRE 35 (P<0.05); &
Befpb, & Pd BU4HA& PAL G PEMEIR G, 1B 3 iy
PRI BRI R B — 2 BB RN . L, R
Yeii o H P E AR P 0SS U A A A A AT
TR DY Jod il B, e IR STA SRS A B AR X 26, TG LA Pd
TE PR A TP IR PR e, 1T 3 AR R R A e R AT
LA 450 s B BTG 4, PR R A B A nT vy
5 IR AEOE 1T o
27 THHRIEZRE. WIERYSRENEEIEIRT
Ld:blicPS

TR A R RS 45 M HZH & )5, H IR DI,
WLR ., 5 A R () 5, AN A Sk 5 25 5, 3 eedg
Rl AR AR R R B i 22 St . Hor: 2R
SZ IR 5 DI M i 3 IEAH & (P<0.01, R=0.923), Hitk
P 5 S S 5 TR FE B B9 WLR M i 55 1 A 56 (P<
0.01), 5 SSC F1 OAC K2 i AHE(P<0.01); 5hF
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Table 3 Correlations among disease incidence, disease index, quality, and physiological indicators of Gonggan mandarin fruits

AL

f b RRF RIETRE AR oo AP MDA H0,%ft O, J/E#i%  SODIEM:E  CATIGME  PPOWGME  CHEGME  PALIGME
(IR,%) (DI,%) (WLR,%) (SSC. %) (OAC,%) (nmol/g) (nmol/g) [nmol/(grmin)] [U/(g'min)] [U/(g'min)] [U/(g'min)] [U/(g-min)] [U/(g'min)]
KHZ(R, %) 1
FIETES(DL %) 0.923" 1
FHR AR (WLR, %) 0965 0.909™ 1
Al B S . . .
(SSC. %) —0.888"  —0.834 —0.805 1
AP A IH(OAC, %) -0.913" -0.950"  -0.936"  0.810™ 1
MDA i (nmol/g)  0.889™  0.907 0.928" —0.745"  -0.922" 1
H,0,& it(nmol/g) ~ 0.8117  0.898" 0871 —0.677" 09377 0.968" 1
O, AR - " - - - . -
[amol/(g'min)] 0.901 0.849 0.904 ~0.808 —0.854 0.957 0.868 1
SOD{APE[U/(grmin)]  —0.066  —0.262 —0.057 0.234 0.289 0215  -0.390 —0.063 1
CATHHPE[U/(grmin)] —0.573" -0.712"  —0.608"  —0.578"  0.764™ -0.718"  -0.831" —0.570" 0.802" 1
PPOIGE[U/(g'min)]  0.123  —0.133 0.006 ~0.110 0.235 0.138 -0.361 0.099 0.757" 0.638" 1
CHIEPE[U/(g'min)]  —0.054  -0.255 -0.112 0.226 0.325 0256 0373 -0.094 0.919° 0.782" 0.790" 1
PALIE[U/(grmin)] —0.962" -0.883"  —0.975" 0.801" 0.913" -0.910"  —0.838" -0.912™ 0.039 0.519" ~0.094 0.021 1

TF: Ry 05=0.381, Ry (,=0.487; * /R i EHHIE(P<0.05), **FIm i i E ARG (P<0.01), BT SUNAGER; FKrbitg g FW.

M3 4 B i AR Y 3 TR AR—O, - = AR
3 H,0, #l MDA & =il 3 IEAH S (P<0.01); 5
B By 5 Bl s MBS S A9 CAT. PAL 7% AR W 3
AR (P<0.01), 55 SOD. PPO. CHI &M AAR &M
AN 3 (P>0.05) ., SOD ¥ P55 it 5 it 2% SR AH 5 P
RNEE, 5 CAT. PPO. CHI i i & IEAH ¢ (P<
0.01, P<0.05); CAT 45 M5B 09 0T A F8 438
TEAER AR PE(P<0.01), o, 5 4 FhREIRE
WP 2 IE A G (P<0.01), 5 IR % H4y 8 Wifshx
e i 2 A 5 (P<0.01) o PPO 5 E 5 SOD. CAT
Je CHI 3 MM 48 38 IEAH 5 (P<0.01), 5 HAth 9 1ii+5
PRAHSCPEIYAS 2355 PAL WG ME S5 3R 92 WLR Mg
A ARE MY 3 Wids Rkl i 35 A 56 (P<0.01), 5
SSC F1 OAC # i 25 IEAH X (P<0.01) (& 3) . H5:
(ZY BT 3 A e | AR B A A RO S S
P ARAFAEITE H B B AR

PO R e SV RTE ¥ S CA UE = Nsa I bri  ma |
VA3 Hr, 45 SR, S5z IR(X) 5 DICY) i HA [A]
R N ELR M, Y=—1.28403+0.37232X (R*=
0.8520); FEATMHA ST IFEFR T, HREAE IR(X) . 5L
DI(X) 55852 WLR(Y) At g R0 £
WL )T XL w5 Iy B R : DTATRSE IR B
1.0%, DI 34K 0.372%; &Ik ZF4: LT+ 1%, WLR 4
K 0.021%, SSC F& K 0.046%, ORC [# K 0.002%,
MDA & & FF & 0.961 nmol/g FW, H,O, & & I &5
3.177 nmol/g FW, O, 7= A= # Z % 7K 0.034 nmol/
(min-g FW); IR 4T} 5 1.0%, CAT 7 HEFFK 0.563
U/(g FW min), PAL #& (X 0.005 U/(g FW- min) .
DI FE- 1%, WLR 34K 0.017%, SSC [ 0.024%,
ORCJ% 1i& 0.003%, MDA & & JI % 0.766 nmol/g
FW, H,0, i JH 5 4.818 nmol/g FW, O, - =2k iR
14K 0.074 nmol/(min-g FW)

3 WTig

MRS 75 B A B K A2 B T X 581
FAEHURRAUAR IR . LAFERRSE 26 b TR M
Foft, 45 2R 55 (P B B S5, %o B
TR B 190 S A 3 Ak R R ] B ARG =
FERT . AR IR, FOIRTFEE (PA) S TOM RS ) S
HOR T, HUR YR Ky s R 1 s T Pi AR
P (Pe) . FETSRCHEIE S SRR, Pd 4300
{1 22 5 U TR 9 Tl 71T T ) V48 it 50 M e B 2 401
[l sf, BIF 5T 2 300 5 AH 38006 74 5 i 18] 47 76 52 B
3 o 75 5 [ B Rh I 194 B (DD 2 38 I T L 4
) R AR B TSR F s R 7, 3 5
PR FT I LEL6 () W B0 1% AT — Bk
TR X P F 5 E RO L 1 SRR i R e Xof S B
DLk BT F R

5 S A AR INE R BN AN TR, AT
FEAE T - T8 AR RGeS B USSP S S
FIAI AR RS, HAS ORI RR T VR se S, TETBEN] 7B
SRGE, P UL SHLEE, 3 P RS A AN RS 2 S T
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