J@étﬂ@l’&

Scence and Technology of Food Industry

— ] TSRV B R,
A2

FEE, XL, ZHRY, REE
(A TAAL KR FERTRE IR FIE, ILAhEH T 210037)

e R

H E.2LT EERARA R A LSBT RR A S F R AR, F R T PR E . $ 5 AEE(PPO)
WEN HBRASE R TAREAHSEZE(SSC)RELAEZC(VI)LEF AR L5, SR AN FRAZELA
JEAE B & BAREE Dy 3 R Ao oR 3R B, 7RI PPORY B % ), J2 75 B B 38 im0 B DU T A7 25 b 85 bn 35 R G B4R 458 % 5 )
AABA SR R E S B K — 5 RS BA P 5 09SSC VA B By 4 4E & SR H AT 0 ML
FARARIF SR

RSP ER TR, A, RBR

Effect of a kind of edible film on the physiology and quality
of fresh—cut apples
WANG Jia-hong ,LIU Cai-hong,JI Xiao—fan, WU Cai-¢"

(College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China)

Abstract:Red Fuji apples were as raw materials to study the effect of mixed edible film on the preservation of
fresh—cut apple. And the experiment analyzed the fresh—cut apple physiological and quality indexes such as
respiration rate, polyphenol oxidase activity (PPO) ,free phenol content,hardness, soluble solids content(SSC)
and V. content. Results showed that the mixed edible film could significantly inhibit the respiration and PPO of
fresh—cut apple and thus inhibit the enzymatic browning of fresh—cut apple. Coating with mixed edible film,the
fresh—cut apple’s hardness reduced slowly , maintaining higher SSC, V. and free phenol content than the
control group,and maintaining a better appearance, texture, nutrition and quality.

Key words: fresh—cut apple;edible film;physiological; quality

FE 45 %ES . TS255.3 X RKFRIZAD ;A X E % S:1002-0306(2014)10-0332-05
doi:10.13386/].issn1002-0306.2014.10.065

i1 A6 7 1 2 OB, 665 D7) SR DA HL B AR
JT S B FRANTC 2 T A0 5 TR AR R, 3P 2R
FEE IR, RS , D) K R ) 2
BLgUREZ -, AR D) SR R A AR e i R T 22 X R D)o
SENIN AL 407, B Ty T B A PEAR IS AL EUR L

919D — 55T UL 2 B4+ 3% AEL I +0.29% It 2L i 1 Y
YR M ) T L) 3 LK NP Y kb T
J AT IR S o Perez—Gago 550 F 2Ly 8 1 = S iR s
A < el 3P R D) P ) 4 AR AT 21 B8 5 DA 5 B SCRIOMg
RN HEE 5% LG IR AR R (1R IBLR +1% CaClyo+1%3T

I it 2y JE R A LG o DRl AU 5 i S A 7 S SR
(FREFS IR Sy /s e ER

AT PR AR R OR R BRI ARBE 2 T H
E4S V) EECARINE g B S AR SR - & PR BURIAYI )5 AN
Wy 70 42 1) e e 2 AP A SR 2 T o 7 B A Sl 17
J3 R PRAEJBERT, T] B PR VR B R ga 2 SRR TR K o3 R R
I AT R BHLIE 25 R AL IRR BRI IR #R AR L
IR T AE, Hoa] 55 B L e ) B R B T, R B
AR ICTT G o WXHAT SR T 1.5% 7% H AL 2T 4 32

Y fE HHA:2013-09-26 * i@ R A

EERN  TAE(1974-) 2,305, TEMNFREZHEH S m L
7 &R .

HE& WA 1A Sk 3 T2 585 B (PAPD),

332 20145 £108

IR IR B A5 B0 9, AR S8 R B o A o A T M 52 6
3 ok P BT T, A R DL GE Ry S SR SRS R v
B, kB AR SR B R ) 3 S L AT R4 e e
B, A Stk 2D WE A S R D) 3 B e s B A B
TR, o AR R AT A A -

1 Mel5RF%®

1.1 #RE{EE

SEHL SR E B, PR Oy L AR, T
A BT R T .

CR-2003EREIETFHEOZEM HAMER:GY-3
FHEE T BUNFE AR AT PR A H s WYTO-80%
TR AR AR G2 R A H] s PESRE L0 R
fE4E IR A TR R A F] s ZK-82BB FL ¥
TRFE LSS A BR A .



ﬁétﬂ%&l

e R

1.2 LEHE

1.2.1  SERTALER 3% TEA LR 155 A 3 i 4w
RS ORI SRR R AN AN ) s ) L D))k
K 1. Sem BT 2em KBRS T8, 43 2ty o — 43
A I IR M Smin, BUHY LW T, $% FR A3 250 B A
WESE NPEAREELS vp, 45748 10 )5 T 4°CI s 55— 10y
ANAE AL ER, FoeAH [F) 1) 5 0 2SS AE X IR . R AN FE T
35147 -

1.2.2 " EMEARECEH TR 5% B+ 2% 5%
FA R LT 4E 2540 (CMC—Na) +3.5% H il +1.5%L—2F Pt 2
1R (L—cys) HECHITS . % ELWIFREC S Pl s0RL, K CeMC—
NaJH B EZ51/3 1 K% A 12h, a3 MEvE ks T 20 1/211)
FIK (BO°C) WAk, G 2P A . H R L—cys FH 7l 43
7K 43 S i, S Ja o IRy &9 o Bedl i ml £
FR R ST BN ZK =82 BB 1L 25 T 46 i <. £ 20min,
IG5 PR AT T 4°Cok AR o
1.2.3  WPIRRREENE R E VAT I 20mL 0.4mol/LI¥]
NaOH & T 55 3= ML, 5 435 32 L7 RN TR s b .
P AT 25003 HL 1 R AT BE 4L, 2 I The B
B F% L 1) NaOH #% % 1) — f4 )l v, B i N SmL
BaCLAN 235 FY K, 0.1 mol/LIK) B 1R 5 45 2% 50, il 5%
BRI B o AASTBORE S 17 25 1 AL AE o B, A [
o WPNE IR B A 0N mg COo (goh) o FEIKEEOY BE
AJLER 345 900 P MR 557 J 58, 30 5 P VR PP A o 1 P e il G i
FEAR o

124 @EFRME  NEAPES PATEI 158,
JHEREIA TR0 25 SO B TAR, aftl, b . HhT—
FE (Hunter) W] JEFE 50 a—"F R (0 W FE 2, RoR 40 48
By, IEARL M 406, B A SR 0 b—F R i FR 50, 3R
7N TR W A, IEAEL A B, SE D W . A Bl AH X
IR AN THT > GEi~ P Y ME T SR v 2= .

1.2.5  AEREERGE 00 58 EORE IRRE i, T RE AR
P M S e e A0 T AR N, 00 LA, B ST A
A Sk B 2R il R AT, T 8 BN 6 oS Sy kg/em®s
1.2.6  WEPERF B (SSC) S HEME  MERL4RE 5
H AT R R B S LR AT A0 3, FHWYTO—-80%F FEPFE X
W52 B (R SSC 3 B, B AT b 8 & M 2 SR, HCP-3)
{ELAE g DU A

1.2.7 V& EME RITAUVI GRS, RE4RE
i P R LR 10B 3 SR S DIRE VA o FRESE AT
2.00g, T WHRF I 5mL 1% HCIWFEE , 5 3 i 75
AN EDE T, 73 245 16600r/min, 25/0>30min, HX0.2mL
E3E W R0.4mL 10% HCLINA #) 10mL2E B, 175
JHEEWH K 2 2532 10mL, 7850 7R 23 )i 52 AL I S'G
8. BAN G CTE T 2K E, Ve R oR N
mg/100g FW,

1.2.8 U FEWET BRI g R TR
PRI 6mL Y EEAIF B2, AT B T O\ 128 000 57 H 1250
30min. XS CME H I BV, BA759% FR B A 2, D
A SR GAR, Ui 2519 7 53R 7N A g/m Lo

1.2.9 PPOVWGHEMNE  RIMESG(EIES., FRE2g3E R
JINSmL TG Ak ) 1 2% v h i (pH6.4D 5 DKV TTTB% , F
VR B50030min. F1 54053 GG EE T #430min,

Vol.35,No. 10,2014

pHS . ABEER 2% PP 2, 78 L e M i 2.0mLL pHS .4
Tt 198 22 vh & F111.0mLL 0.04mol/LJL 45y , ¥4 Lb £7, L 7
INELA AT WL 66 FE VT FEINNO. S m LB, FFUR T
Hr o 5 PR30 10 S PEZE410nmAb B (A0 52 o 34830
3%3min, PPOYE JJ FAA7 U/ (minegs FW) .
1.3 HESWH

s b R A8 I A SR A Excel 2003347,
By 1) 77 22 50 T Al FHSAS 8.0%Kk 44 (SAS Institute Inc.,
Cary, NC, USA) 1 [f) 22 & L 4 B2 )5, B3 45 #it =%
SYSTAT 12 %k = (Systat Software, Inc., Washington ,
USAD [ BV 53 AT R P 3R AT AL 21
2 BHREHH
2.1 FIRBEXT S 3ERERAE AR

VI - 85 A 2 A SRR T2 RO TR R AL A% 5 13
WU S SR (R WP R 5 2 1 O . BRI R ) R AR SR
G B I S T ik /7B IR BT T K, JE L% SR 1) B
ZEHH, S R S5 PR AR AR AT 5%, 0 A2 10 §) SR i AR 0 1)
S o A0ED) 3P O R R FRURTE i ¥4 s 30T ) 114 W2 1 it 5
BT . AT BUE H, 7E3EAN s A TA], o L2
A (R PP R 58 B2 5 A 30 K, HL o i T R R N
BN (p<0.05) , 3X T BUE FEW LA A IR FE3S 0,
A0 B 2H 200 3 & Nl s 283 mT e AL B A
W Wz i J o B TR SE A 52 B 34, 2 1d PP IR 5l J5E 1
Y15y R 2z )G =5 22 57, AR JE Dot R, 2256 3d
N B A SR T R B AR ) 2 S B R S T
o VAR, AL B (R I U 8 R S AR T A,
R B ZGE R B2 A R IS0 R U] 3 S (R R AR B B
FIFRIAE T, o] LR = 5 ) D e 0] o X il n) e
5 CMC—NafAE R AT 2%, A 24 H CMC—Na b #L6F:
II372 IR (8 A G 1P 2 it JBF 4 57 AT

0.09
0.08 |
007 |
0.06 |
0.05 |
0.04 |
0034
0.02 F "‘\_\__

001 F —s .

0 . . . .

—— b

——CK

PG 58 5 (mg COY/geh)

0 1 2 3 4 5 6 7
I I Th] ()
T SR SR 50 1) e B i 2 AR A
Fig.1 Change of respiratory intensity in fresh—cut apples

during storage
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Fig.2 Change of hardness in fresh—cut apples during storage
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Fig.4 Change of V. contents in fresh—cut apples during storage

25 HSHYERMEBEREEFENTL

SRR A LR ) B B AR ] 3l L 0 22 T AR
a Bl AN b HE AT Ak, TARDER K 38 WH B i 2 T 20060 ik
56, alB bR, 32 WA €0 335 D [) £ €8 RN 25 €5, T
SRR AR AR AL AT AR B (0 L 20 () ik 1y BT AR IR
T AR < afi T b AH BE 55 ey M Jsg 1l SR 3538 1140 4 A0 s U o
i 1) 39 S A0 i HT 1) (9] AR < a i R bAH 22 46 4 1] 5 37
715 o S CAD AT UL, S it 21 b 5 359 T0) PR LA R 208 /)
0~1d N BT B e B, 1~3d LAY 7] G 3 22 7 (o>
0.05), 3dJ5 LA R R . RIS I NN AEY) ) G Y
24h P Bp b, 2T B W AR IR, IS WH BE R B AR X
SEAN . ALERZH R S I TAEAE V) 40 5 R24h N W] i
B, IG5 B T IR LABL YA & T U0 2 ISP AT LA, A6 T 1R 52 )5
B0, U I Ak X A ) S SR (R A0 U PR AT I Sk
FAE o X IL T WA U5 TR B — 2 Im  aR Ed 1
WEDIIE R AR, 55— 7 THI 2 S 2 2R K s o i
VER I A EER . RS B LS OO AT LA Y, X IR
H I a A 5 LT HA, By 4 I, aflii
F0, R UHFE & 2 T2 30007 2t AN IR, #a T 1A 40
o AR s Ab P ZH AR Y B a (A5 D) 43 B 349908, €
VEAR I, DRI W R 4K

eED) 3 AN AR AL, B )4
LEN I R) 2R T AR, H B R A M AR . iR 3R
S AR RN R RS AR ) R R
—, PRI P AL, AT R R Sl . 2
3 4 AL Tl (PPOD « 22 W3 i 490 R 46 A7 7 S L 8 I (12 48
AR 3B L, Bl AN T o AU HEE LT 3P S A R 1 H 11 R
WA FH i AN AT 2, DRIk, A 06 B E — 2D 35805 5 A B )
1) 3 G SR 3 7] 22 Iy )i A7) & m FHPPOYE ) () 5 i),



@étﬂ%&l

7k ——CK —®— Jisbs]

0 1 2 3 4 5 6 7
T 1) (D

B TE 56k [ (D
0 12 3 4 5 6 7

aflf

—4—CK —8— Jiiib s

——CK —8— Jiikbr

bl
N

0 1 2 3 4 5 6 7
T8 S 1) (D
KIS D) SE SA SR [R5 1 B 1 ARk

Fig.5 Changes of L value, a value and b value of the fresh—cut

apples during storage

DL 2D o A B A D 39 AR AR A
26 BRAENSEHYIERTHEAEDNFEESHSEN
A

SPER A AT KR 2 Wy 2R )5, i gx s R AL
AR AE WPPOMEAL S AL T, JE Bl v 1) 7= 4 e » I3k
B IRG IR R I, F EUT AR AR (AR
FL L LA 1) 22 Py 45 5 A AN 2 A e, Z 5 AR
(3 2R A 2 Wy SNt T IR AL B 4 22
JEG A (RY 5 Wi 5 0 D 3T TRDASE W A 1R U0 125 1y 5 B kAT
WsE, 45 RATEOPT7N o AEFEAN R IYI 1], X FELL A i
R Ry SR KR A, HIKD) O R U S BN
B o bR, Dk PR S ST S Ty T B S X B
P2 o AEBELLLY) I3 2 R AU B My & ARG BT, IS8
W . A SR ITE I WU AT 15 15 o - A -
Z Wy - AR AL i R S A, 22 1 SR A A N )
AT UBH AT B0 35 171y 7 A P B R IR AR A e, e
SR YT TR] , A BHZELAE i o 30 18 I ) R S e T
JEZH (p<0.05) , 3X 5t W 28 3 st &b B S FRIAF it 0F D) 73
T EUIPURA TN BE T G ot o A BHZH AR ik Y]
[ 9% 125 1y 5 BT 1 B, Ut W Ak BEASE 405 45 5 3%

Vol.35,No. 10,2014

WK 2R 5E BE AN S5 R P A , 22 153 S5 PPOIT
DI BB AT, FESRATAE A PE T, 2 Mg PPOARE
AR AT 5 S A A B 41, DRl I 125 Wy F0 489 o, 5 5
BEE A8 AR (K 138 Im , w] BE2s S Eo AR IR R 38 A
(ENEENSRTIFSIPPGEERAEN RvIR SRt aletay £ i s o NPS Vs
25 Ty TG DT i vy, 2% I Ak B 6o U7 S SR i e vk
b5 AH S ) B AT BAT 8 25 IR R 2 1 75 B (p<0.05)
{HA AW X

——CK —®— g3

We B 7 & (ug/ml)

T ) (D
([ aeT #1511 37 B R b e e = e A
Fig.6 Changes of free phenols content in the fresh—cut apples

during storage

2.7 WHREXSHYIERHPPOFE KN
R A TS 5 A D) 3P S0 B A 1Y PPO Y )
WE 7T~ . BT LG Y, S BEALRE e 0 5 Y]
(A, FPPOWHR J132 K T4 R . 0~1d PPOH JJillig
WK, X 5w i a8 AU AT 9T 2 R — 380, T R T 1A
ALV o0 FH AT IEE AR R V.. 1~5d, PPOJ
WG JIFEAAAR , PPOYE J1{H 2 [0 0 i 35 22 5+ (p>0.05) ,
SAJE X R BE (p<0.05) o ALFRZHFE S I PPOYE )1
AR 5 B AL AHARL, 15 BE AR 25 1d I PPOAEL  Ab PR 414X
BEIN21% , 10 % ML B I 110% , FL2 =% w1 A Bl
(p<0.05) , IX 1] HE A& 5 3] 53 Jii Xk F 21 4 A8 F )5 5
I AR P 2 PR o PPO A Bl 46 28 ol 2 A 1) S I
FLNT 7 10 i G 55 il AV 68 78 114 3T 35 RN 4 A8 TR R RS
A JHSYSTAT 125K A5 X I ik 39 1) PPOIE 74 15 X6k
PR A 2 AR R AT 2R P R AR e Ml FUl 4, (R 2 2 (A gt A7
PR TET U 7 B2 AN i 25 (p>0.05) , 158 B P 35 22 18] IF AN
AEAE HAZ AR OGP DGR, W B FE RS 2 AR
HRLE CUNPPO , Y 125 W 75 1, A0, R4S o LA

250 r —e—CK —=— Jigbm
200
150

1004

50 f

PPO3% 77 (U/ming*FW)

0

U Th) (D
BI7 e IR S R PPOIE ) A2
Fig.7 Changes of PPO in the fresh—cut apples during storage
(T4 5%3597)

20145 £108 335



t R K&

@étﬂ%&l

GC-PID for quantification of parabens in aqueous matrices|[J].
Journal of Separation Science,2013,2(36):311-319.

[38] P Canosa,I Rodriguez, E Rubi,et al. Optimisation of a solid—
phase microextraction method for the determinationof parabens
in water samples at the low ng per litre level[J]. Journal of
Chromatography A,2006,1124(1-2):3-10.

[39] AL BT, T B, 4. BARME AR SEL L5 0
& @A B[] AR5 g ,2010(7) : 44-46.

[40] Juan He,Si Chen, Yili Jiang,et al. Preparation and selective
recognition of a novel solid—phase microextraction fiber combined
with molecularly imprinted polymers for the extraction of parabens
in soy sample[J]. Journal of Separation Science,2012,35:308-314.
[41] Yi Han, Xiaoyu Jia, Xinli Liu,et al. DLLME Combined with
GC -MSfor the Determination of Methylparaben, Ethylparaben,
Propylparaben and Butylparaben in Beverage Samples []].
Chromatographi, 2010,72:351-355.

[42] HSIU-JUNG LIN,YOUK-MENG CHOONG. A Simple Method

Vol.35,No. 10,2014

for the Simultaneous Determination of Various Preservatives in
Liquid Foods[J]. Journal of Food and Drug Analysis,1999,7(4):
291-304.

[43] Saraji , Mirmahdieh , et al.

drop microextraction followed by in —syringe derivatization and

Mohammad , Single —
GC-MS detection for the determination of parabens in water and
cosmetic products[J]. Journal of Separation Science, 2009, 32
(7):988-995.

[44] Ishiwata, Hajimu, Takeda, et al. Determination and
confirmation of methyl p —hydroxybenzoate in royal jelly and
other foods produced by the Honey Bee[J]. Food Additives and
Contaminants, 1995,12(2):281-285.

[45] Eva Blanco, Maria del Carmen Casais, Maria del Carmen
Mejuto, et al. Simultaneous determination of p—hydroxybenzoic
acid and parabens by capillary electrophoresis with improved
sensitivity in nonaqueous media[J]. Electrophoresis, 2008 ,29:

3229-3238.

RS S S SIS IR SIS SIS I IS IS SIS SIS SIS SIS SIS = S e S SIS SIS S =S =S =S =S SIS I SIS U I I I SIS I SIS I SIS = S =y =

(E4=%335m)

06 5k, 3 1) %o R 21 R Ak 2R 40 (1) PPO % ) AR, A B A1 A%
i FIPPOYT ) 2 2 Ik T X 41 (p<0.05) , H 50418
Lbfse, FLPPOYE Jy 1M A AR Ak 34k T B, 1 R4 AH
S o XU, HIZE G A BEED) S UL, B 55 0]
LR PPOITE JJ A5 )13 85 17 3 S B W AR AT 44
o JE K] B ST B IR L—Cys X PPOH 12 g 111161,
L5 2 N A TR G A R I 4
3 #ig

5% €Ky +2% CMC—Na+3.5% H i +1.5%L—cys
S IC A5 0 AT B RO i D) 1) £ e SR R AT AL
W 5 A A A R L SSC ANV &5 3 25 1y I 35 w10
21, D)9 SR ER BT B B o PREEZACR 1Y SIS 1
FEAG A % ] A H 8 I R B ) S I ) e
SR L, AL SF 6ef 1) 3 LN M 1K) VRN 3 2 . i n] B b
8 i 2 R I D) 3 R AR AL, 5 i R AU 5T,
L BLIRAT T e A2 A AW T PPO IR DT, T A
(e AR PR B, (R I 52 65 55 v ) L= 212 e 2 1 1
T A 72 (14 T 0] 7= ) B A S ok TG ) ot , AT A 29
TEEED)SE S A A AR

&%k

[1] #4KZ 65, Fm . B W rE R a9 tR AT IAR(]].
A& ,2005,26(8):125-127.

[2] Watada A E, Qi L. Quality of fresh—cut produce[J]. Postharvest
Biology and Technology, 1999,15(3):201-205.

[3] Falguera V,Quintero J P,Jiménez A,et al. Edible films and
coatings: structures, active functions and trends in their use[J].
Trends in Food Science & Technology,2011,22(6):292-303.
[4] X374, B4R, AR B, . S0 3 RIBIRARSEAT
[J]. 7T R e A52,2007(3):85-88

[5] Perez—Gago M B, Serra M, Rio M A. Color change of fresh—

cut apples coated with whey protein concentrate —based edible

coatings[J]. Postharvest Biology and Technology,2006,39(1):
84-92.

[6] & LI, TR AR AR S 0] A 3 K 840 3 R R 069
BERD). A deFt 3 ,2006,27(2):262-265

[7] ZeAesk, 2 244 A BAR. TR ABEAT SR 40 03k H) &) kvf
AR JE A e i 09 % []]. bR Ak F 4R ,2005, 14(1):66 — 70.
[8] #K R F. AR FERK P Y AECEF RN T —R I A e
R R AR AT()]. g S8 E ,2006(7):731-735.

[9] Mikal E Saltveit. Effect of 1 —methylcyclopropene on
phenylpropanoid metabolism,the accumulation of phenolic
compounds , and browning of whole and fresh—cut ‘iceberg’
lettuce|J]. Postharvest Biology and Technology,2004,34:75-80.

[10] ¥, B ok, 3500, 5. FHRETHEREALHEETERE
FRATA AR BB R[] BT R FFR: A RHAF0R,2010
(1):23-27.

[11] AL LR, 73, 5. A ECHRABRBE R
BERI). e Tk A, 2002(11) :32-34.

[12] Carine L B,Jean—Michel L Q,Philippe S,et al. Inhibition of
apple polyphenol oxidase activity by procyanidins and polyphenol
oxidation products|J]. Journal of Agriculture and Food Chemistry,
2004,52(1):122-130.

[13] Toivonen P, Brummell D A. Biochemical bases of appearance
and texture changes in fresh —cut fruit and vegetables[J].
Postharvest Biology and Technology,2008,48(1):1-14.

[14] ARES. E30 7 & 09 5o R A= B8 AL (D). d 7w :
AR AL X #2005

[15] Bi54E, B R E , LS. S$ERRBEHA]. Bl
HuAK,,2006(5) : 90-94.

[16] AR &S5, B3t &, B &%, 5. $dnh 28008 KA 69 51
R[)]. & seFtE2,2003(24 ) :44-49.

[17] ALA% k. &y & 25 W R 20 19 48 A48 % 4 28 A AL T AL R B
AR E I G FF A (D). dw : d 7 Rk X 52,2002

20145 £108 359





