MR B MR Modern Food Science and Technology 2016, Vol.32, No.12

BAIEREXKE BB S MR R RIRA
REENIHRYRR

SkEE Y, BScib ', Bk, Mah', XSS
(L P LA KRR EFR, bk 410004)( 2. #d 8 R LA F R S AP, #dKiy 410125)
(3. LA A MY TR EEFIRE, HbEs 435002)

2. R FERL ARSI WIeE R M B AL TR £ 4, RERHERBEARAILE, IKE420.5) CER, 24
MARW AEdesk. BiEHA MDA 4%, H'-ATPase. Ca’*-ATPase. SDH. CCO XifF#7& & ATP. ADP. AMP. ZMH4EFht
TR, ARKEAME, £RIETF: (1) REFREIEE, GEFRTKE, TRMBEHETELY, @Rttt E2es T
SRR, AR B IRSRALIRE. SRR T A ATP K L, RIERZRTRAE (p<0.05). (2) RFE HEBMAIRH G BEiEHFA =
BEMEEEAKX (1=0.73, 0.79, p<0.01), 5LLEREOF. LB RMEEE. S EREARKT ZMEZE R A8X (=0.79~-0.54, p<0.01).
F AR B AL G MBI 7T A AR TR I S B AR K, R A AL IR A TR R A, BT R EE T
%, RGO ERGATIKT, 1 A, BRBACRM T R,

EEER: FE; BB, MR AM; ARt

XERES: 1673-9078(2016)12-45-54 DOI: 10.13982/j.mfst.1673-9078.2016.12.008

Changes in Cell Membrane Integrity and Mitochondrial Energy

Metabolism of Postharvest Grape Fruits during Aril Breakdown

ZHANG Qun"? ZHOU Wen-hua', TAN Huan?, YE Chun', LIU Xi-xia®
(1.Food Science and Engineering, Central South University of Forestry Science & Technology University, Changsha
410004, China) (2. Hunan Agricultural Sciences Academy of Agricultural Products Processing Institute, Changsha 410125,
China) (3.Key Laboratory of Wild Plant Resources in Hubei Province, Huangshi 435002, China)

Abstract: The effects of coating and heat treatment on aril breakdown of “Red globe” grape fruit and its relation to energy metabolism
were investigated in the present study. Fruits were coated in 1% chitosan solution or heated to 45 °C in water, and then stored at 4+0.5 °C.
Untreated fruits were used as controls (CK). Aril breakdown index, membrane permeability, MDA content, activities of metabolism-related
enzymes (H'-ATPase, Ca*"-ATPase, SDH, and CCO), ATP, ADP, AMP, total adenosine contents, and energy charge were determined during
storage at seven-day intervals. The results showed that membrane integrity, energy levels, and activities of metabolism-related enzymes were
decreased. However, after coating and heat treatment, these remained at a higher level than those of CK. In terms of reducing aril breakdown
index, and maintaining membrane integrity and ATP level, coating treatment was significantly better than heat treatment (p<0.05). Aril
breakdown indices had highly significant positive correlations (r=0.73, 0.79, p<0.01) with membrane permeability and MDA content, but were
highly negatively correlated (r=-0.79~-0.54, p<0.01) with energy levels and energy charge. Aril breakdown indices had extremely significant
negative correlations (r=-0.75~-0.70, p<0.01) with mitochondrial protein content and activities of metabolism-related enzymes. Aril breakdown
indexes were closely related with changes in membrane integrity and activities of energy metabolism. Coating and heat treatments maintained
membrane integrity and high energy levels, and also alleviated the decline of metabolism-related enzyme activities and delayed aril breakdown.
Furthermore, coating treatment was better than heat treatment.
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Fig.2 Changes in membrane permeability (a) and MDA content

(b) in grape fruits during storage
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Fig.4 Changes in mitochondrial protein content in grape fruits
during storage
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Ca’'-ATPase BEIGIELIL N, 7EI R WIBEE A
N0, XEREM . FHAERLRAE LT
Ca’'-ATPase i AR a4 & — B> 10, = 4Ifgs
FEN 58 0~7 d T REMRE T, HIEBZEMEZER
(p>0.05), 7 d Ja MIFRAEAIAAbFEZH 53 w5 iR
(p<0.05). X HAL1H %1 5L 1) Ca®'-ATPase R 5
Fra B BV NS (p<0.05), IRIFEFIHALFEZHEN
i 0~21 d WS % (p>0.05), 21 d Jall &M
TR (p<0.05). FEATGRIHN], R HUb A
Ca’"-ATPase BEIGIAZ ST XHIELL, (HIRMEAHALH
Y Jd] Ca*"-ATPase TEIE L RFE 2R (p>0.05), IR
RIS T S U {5 FF Ca®"-ATPase BEHIHTE.
PR B R (B EARR i S (SDHD A F2RRifAk N
JBE b, SRR RGN (TCA M E B A 7y, 2
5= RIBIER— A EEE . M Sc WA, Wi
SRR E T, SDH RS 14 i et 7] ) SiE K 52
LR FEEa3A0, 7 d Ja ot B4 B TR A S b 3
4 (p<0.05). FEANFEIRIISEI AL, T FRMR LA o
SR % S A2 2R b ) SDH BigTE 1 529 2 BT,
7E 0~28 d N SDH iy 2L ELLE T M, Bl
) FR R 5L 2 2 R B (p<0.05), 28 d J& R IR FEAR 22
IRIEZHIAE 0~21 d WEZE T (p>0.05), 21~35d
W ELZ B (p<0.05), 35d 5 FREARLE ., #abHig
(1) SDH ¥5 11 75 B ANk BA H) 2 42 & R % (p<0.05).
TEFEANRIAIA], PRALAN) SDH B T HR R
PRCERH,  CRIE SRR IR T, HIRAE R
AFEAITC 2 2 57 (p>0.05) . IRBEAN A FE AT 4 22 7]
HRWHLH SDH BEIEIITRE, AR T4
SDH 5, HFIT4ekE ATP &AL, 2% TR
DI B AL, (B BRI R R A RRAR A AT
CCO J& 2R PN L (18] e 25 TR 2 7k L 1A%
HERUALEE, RIS T MM E C 151845 O,
R PR AL AR, AT K, LA dfeE
B NFHIE 2 BB R R AT e & T CCo fE
PR T et 2 UL, ] 5d s, skekitk Cco
R L 2L R R0, 7RI 0~7 d W, CCO FigiE
NIRRT 2, WRIEAHIR A & RS CCO i
EHLTEENEER (p>0.05), 7 d JFEBEE N
(p<0.05), R E T XA (p<0.05). 1
NS, WHIRZH CCO BRRHHEIE 58 1a] i 8 K 2
REMETE (p<0.05), IRAFIFAACERZA NIFE 58 5
WIE B ZEVE R (p<0.05), HAE 14 d BT =48 E
EEF (p>0.05). ZALUKN CCO BHE AT Re Tl
LRRLR ) AR AL AR R TR, B —2B 5 24
HufRE AU REMBUEEEGESE T CCO BREIIR

B, SRSE A LR AAL TR I T BEIRAS, PRI ARIAK
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Fig.5 Changes in activities of H'-ATPase (a), Ca>*-ATPase (b),
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AR . BEE e RERW, BEHEE (p» 5 MBS SE 3k, FEZ% MDA & &It e, 4ERr 44
H'-ATPase FiG (x) EMLEZE ALK (y=-0.009x + s 2 SDH. CCO. H™-ATPase il Ca®"-ATPase Miff
3.96, R=0.75, p<0.01); 5 Ca*"-ATPase fif (x) & (ST, REZRE AT NI, JEZE 1 RS HIE AL
Wi 2 A (y=-0.778x+3.830, R=0.73, p<0.01); I . PO .
55 SDH B (x) B4R E A (y=-18.981x+3.557, 3OWERA EERAMLS R R A
R=0.70, p<0.01); 5 CCO Fif (x) ZMEE A
(y=-0.488x+3.970, R=0.73, p<0.01). ¥RAEFIFHALIE
AR T IRFFM h ZRA T S &, ORRRE T RS
# 1 RABBFRASEERIGEETE R MR TTEE 4 A B REMB X M T

Table 1 Pearson correlation analysis among aril breakdown, energy metabolism enzyme activities, and membrane integrity of grape

JlJi 5 B M B AR e Mk R

fruits
1847 HE4e% JBiEMK  AZB MDA ZEBRE ATP —HEURE ADP  HEIMIRE AMP MREEE
EREELE e 1
JEE 0.73™ 1
A= MDA 0.79™ 097" 1
ZEEERIRE ATP 0767 092" 097" 1
ZEREARE ADP <0767 092" 096" 0.97" 1
PEREARE AMP  -0.54" 033" -0.49™ 0.55" 0.50" 1
B EE -0.79" -0.89" -0.95" 0.98™ 0.97" 0.63™ 1
H'-ATP B4 075" -0.90" -0.95" 0.99” 0.96" 0.54™ 0.97"
Ca®*-ATP B4 073" 091" 095" 0.97" 0.97" 0.49™ 0.96™
IEIBR LA B " " " - - " "
. -0.70 -0.92 -0.94 0.97 0.96 0.45 0.94
e &K fALEE . ” - - - " "
o -0.73 -0.92 -0.95 0.97 0.98 0.44 0.95
KEREG 075" 092" 095" 0.97" 0.97" 0.48™ 0.96"
#efT EC -0.76™ 087" 092" 0.91” 0.92" 0.49™ 0.89"
o H*-ATP & CaZ;éATP Ve éﬁgﬂg%ﬂﬁ& 21 @ffu@& KRR s B
ERELE 3
JRi%
#A=F MDA
ZEBIR T ATP
—ERE AR E ADP
% BB IR AMP
BHFEE
H'-ATP & X
H'-ATPase
Ca*'-ATP B4 0.98™ 1
YR30 B4 5L 5 Bl - .
DI 0.97 0.99 1
mit & & Aquss . - "
o 0.95 0.97 0.96 1
KA EEG 0.95™ 0.95" 0.95™ 0.97" 1
e EC 0.89™ 0.87" 0.86” 0.90” 0.93" 1

52



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.12

M M EGRAE p<0.01 KFRFANK; *EARAE p<0.05 KFREFAK.

ERAECE QSN NIUERE Sl ST N (S
(1=0.73~0.79, p<0.01). ZHAEELEMENE N, MDA Jf
m BRRAE AR e e, SRR N B ANS,
AR X S 5K, KT alAEN, BEfRRE(E A
TAANAY), FRHEIE BRI,

HW IS 4%k & & 5 . H+-ATPase «
Ca”"-ATPase. SDH 1 CCO M 54 3 3% UM 5%
(1=-0.75~-0.70, p<0.01). ZRKIARIFIAR BG4 T
B o> 2RSSR RN T REIE 2IRIR, MITTFENA ATP 2R
FRACE, AR T, AN S A R S R T
FIBIR, MM SEEERARE . RS2k
P P P B P /DS, SRR SZ ) TS R H 3T
i, 2R ERRAAR X 2 5 0TI B B A% s i
a7 H R E H B, BRCE SN RS
ULISIOL - B B S RE B ATP. ADP. AMP. fii
H s B RE far AR UM R (1=-0.79~-0.54,
p<0.01). RIG#HIMELIEES ATP & EMAEMHE
o BT Bk B sk WA E R, H-ATPase
Ca*-ATPase. SDH. CCO 2L A P A S Pk
W, ATP. ADP. AMP Hl EC /K- 55 35 411K,
SRS M 375 ek R R et SRR AN 71,
ENTVAE ST PNNEET St

LRifREE . VUM RIS BEE . MDA
EWEZE AR (1=-0.95~-0.90, p<0.01), MDA &
Frert g, BB, SRiARRE AR AR, A

SUMZERAR IR IR . B IFFUIE AR A 2R (151
W55 5 B2 A R AU, Ca®'-ATPase FHE
PR, Ca'fEfli RGEZAL, PRl o774,
BETRR R s BN, CCO TR T R, Semisi i
RIhReR AR e I, fEPIRARY R, ATP & RaRD,
A SRR 21, A B i S
SEREME AR RE AR VIR, A T EAEH,
SN SRSL IR

3 Zhig

3.0 ABFFEHAE TIRIBALEE . SN EE = 20 A %
SRR T R EVE AL S AU S B A RE
IR AR TR AR A LR R o BT FEN I )R
R T, £ B IR R T,
N e BRI 2 R, RERARERT AT AN RE B A Qe
WVE N BE . BV TR S RS MR R R IR R

(p<0.01), SHEEMIB. REM/K T LoRiiRER FIATRE
IR AR TR (p<0.01). RIYJHI%
RIATEZ P B PAS RE BEVE A BE B P AR

PAETIRR,

3.2 IRIEANIAC BRI SRR IR A, JERERI 2R
AR QMBS AR REE/K T, BRI Bia AL
(HIR AR LRI sede e, el SR B I e
YERFRI ATP ACE 7 THE W T AR (p<0.05).
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