Vol. 24 No. 5

i SR = T S
A May 2 0 2 4

Journal of Chinese Institute of Food Science and Technology

3MABREBTSEEELEEREXES T

XN EE, HRE, HE#H, EPE,
(BRREAHHABRXFRERHAFE TEFR

#

rfEE, A F
B @ 4k 712100)

BE sHARIRPRADAABE BLRERATE, RE KA B RE, AR R B Fe
“IAL 4073 A B ABAE A R A KR A (440.5)°C, A8 3T IR E 85%~90% 1= B A AE T 69 R B E I BRI RS A AR A 38 AR
TWEEF , o LERBREBEZRGXZ, EREAVN . MAELRE AT BEREIZH, BRMBEAF"LHR K
YRR A T A, R F 90 RANA B 1.25, M 3 MR LB E M 5k 385; R &89 O, F-OH FrhF T, L P
R A AR Il AL R R -OH FH IR R E RS 00 XA 0.97%F 4.12%; ERAKTFRE  CREMBAEMR L 0,74
AR AR F AT R 4 R B A 25.31 mol/min- g5 A8 FAL My B AL B (SOD) & B AR, it RAL 4 B (CAT) I TR B AR
BAH R ERABRHR(GSH) 2R P F TR ZF L4 TREFRY ,EHF 60 Xe, RRIKAF LM CSH 4 THhF L
252.9~273.7 pmol/g, & T 3 4 2 A At “ImL 407 B AG R R ASA A5 108.0~121.8 ng/g Z 1 , & TR AT, 34 648 %
HH L R e A B (MDA) R B4R, TAREAL ST ENRAR, MEARIWERIE T EMERBE L ERLA
R O, Ao -OH 09 FH TR F i A E AL E SOD FH ERALSKHKFTZELTEIAMELR, 50, ARiEFZE
MMEXZ; SRR PTURRERFRH _BASETIEMALR TR MERIEE LR EBEL &M AARM BRI

Rt FInAn k| LR RATHAT" B i S 5 % 87 Fo“Imh o A B KA
XEIR B, RABE, FHRARBBAM,; MBI, ERO>H

XEHRS 1009-7848(2024)05-0333-13

L1168 (Punica granatum L.) S 078 JE 0 BR AR
RURSE AR s Y, T2 04 T 51
P DX, 70 3 e AU 24 A MR o X T 4K
8% 50 m, fe i & 1 800 m", Z8 5 AN i b 5 b 5
7S ok T 08 4 AR BT B R 8 200 AN &
IR i b WAt S IN U BES L VA AT 1
AR 27 X Herb BV I A O TR A X 2 —
CF A R = A RS RAE MR
DG R R 5 M Ah | il A AR 2 51 Sy [ 5 B AR
PP BRAL e R B A ATE RS B i G
R A ARG i R —— 58 JE M HOFF " A 1
I 5t b B AR LT T 22 R TERR P B —E 1Y
Tl R RSS2 A AR 1) )0 R (A5 A R S Y
Y5 S Ay L O T [P R, T A et R e AN [
Tl R 2 TR ) e AR PR A Bl AN T

KA. 2023-05-30

EEWB . Prts 4l 8oR 5 A% Z 0 H (K333
0218021) ; Bk P4 45 T 45 AT 4 714 55 H (2019NY -
116)

E—1EF . XMHE, & WhE

BIE1EE . ZAH  E-mail: kouliping.@nwsuaf.edu.cn

DOI: 10.16429/j.1009-7848.2024.05.028

PERES SUR LIS RER iR 7P BRI Y S IENTT]
o 2R TG e A AR 2, O T 20002 G AL, v 3 T i 7
JE AR BRI R P TR Y BRI A R R B Y
WA CPAEN] SR E LA K, ZHALE ST
ALY T By 2 i, e 08 WU AE ()
S PHECRE KW E EERNZ P, BRik 25,
RGOS A A, N A R
oAy, BB RS RE T A IR 2 R i AR
B, B B RN A Qi sz 30, S S 5 A
B (O ) AT A A2 i AL A (H0,) L, 52 A il 2
(- OH) 51 2 19 AN VR A i W N ot ek 4 A Sz 1z 48 2
T RSB 5 B0 R R AR I T,
e, R AT A I R S BRI TR
(H ALY B AL B A A AL = ) DL BT IR PR |
A EH IRAE 1 B T AR 5 AR B R RS A R
S P AR 2R B 7 o O AR Y R
AR SCLABRVE 24 3 3 A di b4 45 (5 Je S ke < i
BRI B 2L ) S g Ak i i E SR B
A SRR A AR S W o B KR, IR
st oA AR V4 TG T v SR B A 7 5 P AR S R AR
W Z [0 R REAFAE B 5 R, O LB Pl E) 22 57, B 1



334 hoE

M

2024 “F-55 5 H)

V] PO 2 A1 0 2R B A A8 T B LB, D A [ i ol
ORI e S i —E i BE 2%

1 MRERE
1.1 E#HREKH
L1 FBARL 3 B e B i < T 1l 21
AR SR A B PG 48 G 28 T Il X <8 e T RO A
R A BT I i G L SR Pk SR e 3%
T 50 4 G, JC B LA 45, T8 e BE, HL
TCIR PE I HUAR A SR S R v B I R i
£ 380~430 g 0 Bl , “i 111 21" 41 HE AE 420~480 g T8
Fil, “s R Wi Okr " A0 M AE 330~380 g 1o il A9 L 5
FE AR B AR, T 2021 4F 10 A 36912 26
B K 2E B SRR S TR A B SR B I S
TR EAH .
112 F2EGH ZH AR (DTT) (ZLAE% k|
PR 2-f AR . AR e Z R,
MR A YR AR AR =R/ LR (TCA) . L —
WePU 2 1% (EDTA). Z —fDUZ 1R 44 (EDTA-
Na,) K ¥ 2 5 & W ik W& e B (PVPP) L 2
e A% B AR = BEIR AR BRI A
[ 25 42 Bk AR A IR A A, DL IR 348 4 it
“igg
12 NUB5EF

UV-1990 4N NG, LA BHMUER Y
A PR ) ;Spark i #571% , Tecan Austria GmbH
23 H) s DDS-307A HL S 340 1A L R 2 A AR I
WAEBRATF
1.3 FHik
131 JsoRbab ¥ SR AH 47 19 A 1 5 A B 0.015
mm [ 3R & M T A4S R i W A g I, IV T
(420.5) °C,85%~90%H X 1 £ ¥ g v , BB 15 d
HEAT HORE I 2 |, B O I {5 MR 52 #0473 Ik
HEE I B R A IR T
A5rh BT -80 CUKA LA e 825
1.3.2 WA EM R 48 ARHR B 2 22 5
PEAFSR Tk JE R AR BN AR BEALIN E 15 2R
SEL A1 3 A HR A R AP RS AR FR B 43R 6 9.0
P (AL AR T LR 0) .1 G (FRHE 28 ,0<4
M <5%).2 K (BREWRZ,5%<4728 R <
10%) .3 % (P EMAE , 10%<HEZ L <30%) .4

R(EEWRAE,30%< 722 1H M <60%) .5 K (] E
7 MR >60%)

1.3.3  H AR AR

1.3.3.1 HAEF A B A (0; )W R
232 Ty 22 R AR D5 B E O I E BRR , BRI ¢
R B FE S 80% &, T BIF S 4 B 1,4 °C
8 000xg 0> 10 min, LiHWRE A& . Ik &R
$7:0.5 mL 2B AT 2 mL Tris—HCIl 28 b (pH=
8.2),25 °C, /K% 15 min J&7 , A 100 pL 287 =)
(2 mmol/L) , FF-¥K 25 ‘C/K ¥ 5 min, 5 J5 T A 100
pL HCI(8 mmol/L)Z& 1k 2 , 78 I 1< 320 nm Zb i
E ODfE (A)), AZEB/K AR R =Bl & OD 1H
(Ay); DAZEMAACUEHE S AR BORIN 22 OD fH (A,),
VC AE B IR 35 B e () 15

AT H Ha%?%[&%%(%):(l_%)x

100 (1)
1332 HHAMECONDBERENNE %5
22 FFAEOI 7 B G - OH TR R IR 5 0, ¥
BREAH ], SR R 0.6 mL FeSO, % ¥ ,0.6
mlL H,0, % ¥ ,0.6 mL 7K % B2 i W A1 2 mL 42 X
W ,37 °C, 7K 30 min Ji& , M2 WOGEEE, Bk
FEHR 7.5 mmol/L, TEF AL 510 nm 40 %E OD fH
(Ay), AZE IR /K AR H0, T ZE OD fH (A)), LAZER
AR ARRE i HE BRI 2 OD fH (A,), VC 7R FH X}
M4 (2) 115

SRR %)=(1-27410 %100 (2)

AC
1.3.4 3G PEEARE A &2
1.3.4.1 3EPEEKFENE 16T E K 4§55

0; 77 HOR 5 i EALE (H0,) & s e . e 7
B0 B MRS Lothi 2500 )5 vk, B A7
Eigsi

1) O, =AM RN E R 05 g AME,S
mL $EHOE  (0.05 mol/L. pH=7.8 B £h 2% tf ik , N
% 1 mmol/L EDTA,0.3% Triton X -100 Fl 2%
PVPP) W H2 L 4 °C .8 000xg 250>, b 1 WA I 4%
R BARZ 1 mL 2 B0 , 1 mL PBS(0.05 mol/
L)1 1 mL SRR 2 M W AE 25 °C, 0/ 1 h J5 ,m
A1 mL X FR R R A (17 mmol/L) Fl 1 mL
a-ZEIEVE R (7 mmol/L), FHFIK T 25 CIRIE 20
min, T K 530 nm 252 OD 18,
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2) H,0, HEdllE  FRH0.5 ¢ A5 mL
T4 TR R AE 5 B 20 3% 4 °C .8 000xg B0y, &
B g . VAR FR 1 mL 3REUR 100 pl 10%
DU S A Bk 3R R 1 WA 100 WL W & AR &) KUV S
min J5 ,8 000xg &5 .0 J5 WUUTTE , FH¥ TN 2 52 1k
EEZEFHIMA 3 mL 2 mol/L Bl T I K 412 nm
Ab I 7E OD 18 .
1.3.4.2  {EMEAEBREGE M T M EUE R
HE ALY E AL S (SOD ) 5 i AL Z i (CAT) , 2%
Lotfi S 7 AT

1) SOD {HPEME  FREC 0.5 ¢ A1 18 K ,5 mL
FEWO (0.1 mol/L. pH=7.5 BEFREZ R WP, N & 5%
PVPP F1 5 mmol/L DTT) ¥k ¥ B B 42 BL , 4 °C |
8 000xg #.0> 10 min, I 4 A& H 1056 A E
BEFR B, MR Z A 1.7 mL PBS(0.05 mol/L) ,
0.3 mL &2 B % % (130 mmol/L) ,0.3 mL & # /U
MR (750 wmol/L),0.3 mL EDTA—-Na, % # (10
pmol/L),0.3 mL #% ¥ R ¥ W (2 pmol/L) Al 100 L
FiE A, 422 - 3R U % Jn s 37 BT 9% 4 560 nm Akl
FEWOCEEE

2) CAT W& MW & 48 O/ B4y W] 5 0
SOD I PRI AE J5 ik . RWAR R - 20 L B AR BT
F12980 wl. H,0, (20 mmol/L.,0.05 mol/l. pH=7.5
IR £R 28 pPRIC 1 ) . 7RI 240 nm AL 5E OD
B, RN 15s 580 30 s ids% 1%k, 45180
s, T 3 EH A, AZRIR/AKEZS FIXT IR,
1.3.43 WESTEAY RS EMNE B RAS
IO H K (GSH) 5 38 I L BT 30 1 2 (ASA) 7 2 I i
Z: 2% IR Ik Pk sl . iHa R K8
NEEEMEZSH% Guo FI T,

1) GSH & &l FREL 0.5 ¢ A EZ 5 mL
5% =K LRI (M 5 mmol/L EDTA-Na,)
WFEEHEHL 4 °C .8 000xg B50> 10 min, 35 ¥4 T
W, VAR 1 mL B, T mL B R 2% bR
(0.1 mol/L,pH=7.7) #1 0.5 mL 2—fi 37 H iz (4
mmol/L) F 25 °C, /K ¥ 10 min J5 B 5E LA
0.1 mol/L. PBS fEXJH& [ FEP K 412 nm 40 2E OD
(=18

2) ASA EFEWE  HRBGE TR GSH & &
W Tk RARZR 1 mL 2 BOK ,3 mL 5%
TCA %7 ,1 mL /K £ ,1 mL 0.4% H,PO,—2

BV W, 1 mL 0.5%41H4E % hh— 2 B35 Wi A 0.5 mL
0.03% FeCl;— £ B W T 30 C/K ¥ 60 min, LA
5% TCA HWAEX IR, T U4 534 nm 40 & OD
{H .

3) MR NFKHE PRETERME  FREL0.5
g R ,5 mL WA N ERAF I 4 CHEHE 3 h )T,
8 000xg #5.0> 10 min, L5 WA A H o i1k &
1 mL AEEFUEA 1 mL 80% KN, 4 HIHE I K
470,645,665 nm 4bE OD {8, 2% Guo “F19fY
TR TR SR a 4 E b 45 K
BN ERTE,

1.3.5  BERR AR A I e
1.3.5.1  Z0EIEER N 8 (MDA) & & i

1) BERRACE AN CTe bR 20 B35 % A MDA
FHE S % Chen S5 )5 1%

2) AfMEE R e AT LA A R &
MATFLEAE Lem B R, JT BN 1~2 mm JEE
LR AR KI5 L 500Ky, A 10 AN
#E 30 min J5 2 T L ZUR R0 Ry, SRR A
W 15 min, B H 2 =R, 7K 2 50 mL 5 R E
YLV FRICH v, 4IRS R 4% X (3)ITH,

21 55375 % (% ) = Y1=Y0 %100 (3)
Y>=Yo
3) MDA & FREL 0.5 ¢ A E,5 mL 10%

TCA - EL, 8 000xg #.0> 10 min, L5 4 i
. RNARZR 2 mL BB 2 mL 0.67%6i 1%
B4 Fb 2 R ¥ W (0.05 mol/L. NaOH & i ) T ik /K iy
ik 20 min JF R AL, LE W T EK 450,532,
600 nm AL 5E OD fH
1352 WEMEASEONE EEEAS
WSRO I R s i G-250
Yook e E
1.4 HESW

AR RGP TR W 3 Wk, s
JAEH Excel 2016 #4780 g1t 5115 i H O-
rigin 2022 47 BB 22 . Kot 73 A Minitab
18.0, F| HH One—way Anova 73 #r %048 o 2P, B
)N g 7 [ — i Pl 88 8 AN [ B g s ]
2 5 BA B EE, RERSE FRERR F — I
R B AN [ & b 22 ) 1 25 5 LA 0 3 L P<0.05
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AR, e R RL g, 3 Rl AR 2R B A A i R R
A 1] B4 928 K T TH R (P < 0.05) , e rbr v e it 2R

B 7R HR BUR 2 035 i T 58 Je i Ok 5 B 1
ZL7(P<0.05), 5% 0,15 Rif, “Z e i oke ™ 15 <o
WL AR B AR B TR BOE W 22 5 . A AR 30 K
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Changes of browning records (a) and browning index (b) of pomegranate husk in different cultivars

during cold storage
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hEk

i &1 2 mIN, <58 Je W 0Oks 5 v B Bl A iR
R Oy I B 68 77 Bl v 6 B 1] 4 428 < B fb ek 59
(P<0.05) , T 3o LU 2.7 7 48 2R K 5 B g 0 g Wk 3%
Ak, Hoed g EE AR R K O, T R BE ) 5 55

(P<0.05), -OH {5 BRRIE/RH T H I A 25,
“OEJEHTFORE A M 5 T L £ AR AR B - OHL 5 B
2 I A 2 T P REAIR (P<0.05) , “i B2 it A
WA B RS PR AR 10T 0 WAL Hodh ek e
Widoke” AR -OH B BREE S W m T Wk
At 5 W20 (P<0.05) . %5 B ik | “ 98 Je Bk
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Fig.2 Changes of O, and -OH scavenging rate of pomegranate husk in different cultivars during cold storage
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Fig.3 Changes of O, production rate and H,0, content of pomegranate husk in different cultivars during cold storage

2.3.2 VAR b [ b AR SR R R A
TR AN A AL SR T AR B’ 4 ROR T 5IE
SR AH DG i 0 S AR A . 3 A A R AR R L
CAT 151 (& da) LR A AR, < L5 A
WA R CAT WM R e TH G a4 “Bm 20"
W B2 CAT 36 PEE IV 8 45~90 d 18 # T % (P<

0.05), “ZJe Wk "CAT 75 P78 )5 11 (45~90 d) &2t
#F ETH(P<0.05), Hrb 7EIV5K 60 d J5 , “¥ it
AR He CAT I M 1 35 I T 58 Je i 0Ok 5 <
L1 (P<0.05), SOD {& MEAER T 30 d J5,3 1>
Fofr Jee A0 A dd 25 S < e T ORE T AR AR B2 SOD
Uy AR R A T TG e T e R S 0 L 2T A R
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Fig.4 Changes of SOD and CAT activity of pomegranate husk in different cultivars during cold storage

2.3.3 Vst B i AN [ R AR R R O i R A b
JFin(?FﬂTJLiTJI[l@a w®ARE RS A, R e
BOFE” 5 “ W S it AR R B2 GSH 2 2 e % 7 s []
FEK B T R (P<0.05) , B Ll 217 A1 A
R GSH & i 5 5 T 5 B i ka5, v 3 iz
FIT"GSH & HEBRAS 90 RAMALARFFRAL, TS
60 K, “S Je WOk A i SR fe GSH & i 4k 7 78
252.9~273.7 wmol/g Yu [l , & FH A4 2 i Fh, 7E

Ag o SRR
600 | - - Gkt

- e BULIZL
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400 |

GSH % it
GSH content/pmol - g™

300} &
2005
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TP 0~45 d, “ 5 Je W O " A R J2 ASA & it 1B
F T HA 2 AR (P<0.05) , 7E 88.7~130.2 pg/g
YL, SR EIHE 60 d J5 , v B B 5« T 1l 21
AR ASA &5 A T B TE <O 1L 21 R AR
ASA & TE 108.0~121.8 pg/g TG, AbF e K
o 5 TR R A R BN R e
OB 1L 217 A MR B2 1) GSH F ASA & = 75
A L R R A R R KT
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B5 AEMMABRESHIES GSHE ASASETLED
Fig.5 Changes of GAH and ASA content of pomegranate husk in different cultivars during cold storage

2.3.4 YRR AR AN ] A oA AR SR B AR 2R 2
B N RS AR B 6 4 S T AN ] A A
RER 42K a MR b MR RS E 5K

B NESEESEE RPN, 3 MM AR
B4R a b FE MR S & SR
L, 230 E R (P<0.05), Hrp, “x e ik
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o7 AR ENTREERIGARERT 95K
B 5B 217 (P<0.05) . 3 A i Al A SR Hz 251
BNETREENDEET R AR
BRI NREREEST W AR
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Fig.6 Changes of chlorophyll and carotenoid content of pomegranate husk in different cultivars during cold storage
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Pl 7 43 500 Sz B AN [) it o o AR SR B 20 i . i
K MDA F i K n] s AR A e v G Y
A4k, 3 A AR A AR SR B 20 S 3 2R I 74 R 5 [R]
(4 R B 2 B I K A (P<0.05) , “ %8 e T4k
FE 0 1R 5L Bz 240 B335 2 A 0~60 d ¥ B[] 31 ]
B E LT H A 2 MR (P<0.05), i it 5
O 1L 2T A R SR B A0 S SR A AR . 3 A S AR
AR B ) MDA & i 48 4k 55 40 Jif 58 35 2R A8 ks
POHIARL, 24 5 00 G i R g FL s e T Ok A

AR 2 MDA & it iR 24 T AR A6 I 25 R
F MDA ZFH8 0.0446 wmol/g, HiAy 2 4~ fhFl Ay
WSR2 MDA B R LA 8 28 Je 0 0O A g
THE <V R I AR B AE W 4 SR MDA BB
4 0.0565 wmol/g, “H LI ZL” A HH R 0.0516
wmol/g, 5 JE Wi R 5 “ W Bz Bl 45 A 0% B2 mT i
PR S B A IR I (60~90 d) WA BT T
“O Ll 2T R nDE R A S R A AT R
e, 3 MR AR TR E A SRR
2258 (P>0.05) . & Lk, <& Je Wi dorr " A i L Je
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Analysis of Browning and Reactive Oxygen Species and Membrane Lipid Metabolism

in Husk of Three Pomegranate Cultivars

Liu Qianting, Guo Xiaohong,

Du Jiaming, Wang Cailian,

Hou Dehua, Kou Liping”

(College of Food Science and Engineering, Northwest A & F University, Yangling 712100, Shaanxi)

Abstract Pomegranate (Punica granatum L.) husk is prone to browning which would decrease the storage quality during
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cold storage. Different pomegranate cultivars have different storability. In the present study, three pomegranate cultivars
(“Tunisia soft seed’, ‘Jingpitian’ and ‘Lishanhong) were used as raw material to explore the relation between husk
browning and active oxygen species and membrane lipid metabolism, and further to compare the differences among three
cultivars. The results showed that the browning index increased during storage time. The browning index of ‘Tunisia soft
seed’ husk was relatively lower, reaching 1.25 on the 90th day of storage, while the browning index of ‘Jingpitian’
husk was as high as 3.85. The scavenging rates of O, and -OH radicals of three pomegranate husks decreased. The
scavenging rates of +OH radicals of *Jingpitian’ and ‘Lishan red’ husk s were 0.97% and 4.12% on the 90th day of
storage. The O, generation rate of ‘Tunisia soft seed’ pomegranate husk was 25.31 pmol/min-g at the end of storage.
The activity of superoxide dismutase (SOD) decreased, and the activity of peroxidase (CAT) did not change significantly.
The contents of endogenous antioxidant substances such as glutathione (GSH), carotenoids and chlorophyll were signifi-
cantly reduced. After 60 days of storage, the GSH content of ‘Tunisia soft seed’ pomegranate was maintained at 252.9-
273.7 pmol/g, which was higher than that of the other two cultivars. The content of ASA in ‘Lishanhong’ pomegranate
husk was between 108.0-121.8 pg/g, which was at the highest level. Cell membrane permeability of three pomegranate
husks increased, malondialdehyde (MDA) accumulated, and soluble protein content did not change significantly. The re-
sults of correlation analysis showed that the browning of pomegranate husk was negatively correlated with O, and -OH
free radical scavenging rate, hydrogen peroxide content, SOD activity, glutathione content and chlorophyll content of ac-
tive oxygen metabolism and positively correlated with the O, production rate; positively correlated with tissue electrolyte
leakage and malondialdehyde content of membrane lipid metabolism. Additionally, the results of principal component
analysis further confirmed that the browning of pomegranate husk was closely related to the metabolism of reactive oxygen
species and membrane lipid, and the storage quality of ‘Tunisia soft seed’ pomegranate was obviously different from
those of ‘Jingpitian’ and ‘Lishanhong’.

Keywords pomegranate; husk browning; reactive oxygen species and membrane lipid metabolism; correlation analysis;

principal component analysis



