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4% ( Citrus reticulata Blonco) &3 [ A% 5% Ml 5= &
S JOKA, HR SR s How & 4E 4R &R C (vitamin
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B, 24 H iz bl S g = R AE 2 d; X SR
( Penicillium italicum ) F12{ %5 B ( Penicillium digitatum )
HH WL A MRS AE S b O S 6 28 40 5 A it FEAR
B R BRA W 5 BRI A0, 22 [ Sigama A
FCRBE (B CBEE =95% ) AU 2R (2 Hral)
¥ SR AR FRA R bR R W LRTR S
Y TREABRA T EALTES (CaCl,, B  HTLEAL
JBA AT R ) 5 kil — 80 B R, I v o W b 27 1R A
PR F] SRR R S R SR [ 24 4 1A
A2 R AT BR 3 7 5 A A B A Tl | ot 4aU A it Aot
AL SR &, B U A ) T AR ST
1.2 URE5EE

722s AL WO RE T, BB A IR A
H 3 WYA-2S BT DL 610 DDS-307 H S RAL, FIERE
R PR ] KB240 G A Wy 85 374 , 8 ]
Binder 23 7] ; 85 -2 E IR ARG J1 i FE A%, TN A R

ML PR ],
1.3 REHZE
1.3.1 #WEAEMNET SBYFRED S, ¥

50 mL BEFRILM = A TR o g, R
HZE 40°C L2 A B, 4355 HL 0. 2% 0. 4% 0. 6% 0. 8% .
1. 0%H1 2. 0%% 1% M35 80 7850 FLAL IO A I A A
= IR S R EPE AR S T AR S
mm P 2 PR SR B T D 228 R AR L, T 25°C
RN 3 NG 7 RIIIE TR BAS, BRI 3 4>
HE  IRRIIFERE TR SRR X R4 (CK)
1.3.2 Rt R E S FORFEIR IR AL EE , 43
B CK X B (RER AR AN HE) s AL 1. 0% A7 A5 I B
1. 0% ¢ A 1 s B2 15 % W + 1. 0% CaCl, +300 mg - L™
PR C 1 0% AT BRI+ 1. 0% 5¢ FME 1Y TG IR 14
f#+1. 0%CaCl, ; D 1. 0% A7 B KE i + 1. 0% 7 A Y
BERR I I+ 1. 0% CaCl,+300 mg- L' 4455 %, Hb
Py e LAY , 50 SROWH T 102 V7S fire Y %) TS R Tk 32 R
1%,

PRBE I /NI T TR R 015 DA R 5 S B B A —
e TCH AR A, 43 1 AR R 0 U R R 2
min (10 L IREWIR 200 MR 95 A AR BT SR
o B TR ERHE T RSB 200 N RSE EE
3 U, IRV, AERE 15 d B 1 BRI E A OCHE AR
1.3.2.1  JBERERAURERNE R Ok K

JEF 92 238 = U B 2B B A B¢ 100% (1)

R = (WG - VU ) /) 4G E X
100% (2),

1.3.2.2 WE R N % ( malondialdehyde , MDA )
FRE SRR Y T R R E LI
NG 5 B BN DL mg-kg™' - hT RN R AR L7
M2 L @RI E MDA 54, B LA wmol - g™ IR
1.3.2.3 TATSS Fl Ve FHlE 2 GB/T 8210~
201172 2

1.3.2.4 @& ENE S8 GB/T 5009.7 -
200825
1.3.2.5 4B EMEN 2 2 BT Her & 1y

o SRATHL S0 E | DU HL 38 3R

1.3.2.6 Hree bl v e ok aln) &l g i 4a
fb & ( catalase, CAT) | 48 %A 1k 57 1k [ ( superoxide
dismutase , SOD ) Flid 2 LW ( peroxidase , POD) {4
1.3.2.7 BETEH SRR B o beiE,
BEAEIER (K 1), 6 AXFIRES 90 K LA 217 /2%
B

F1 MHBEETSRE

Table 1 The sensory scoring standard of Ponkan

TH Ttems W4rbRifE Standard #3443 Score
SPUL Appearance SRR s H A 7
R TR AT AR 7 4~7
LR R LA 4R 1~4
454 Texture RIS 7
LRI, MRS 4~7
R, b2 1~4
R Aroma NGRS 1005 3, oSk 7
TR TR TR B A S 4~7
TR R v sl A S ok 1~4
1) Taste FARET, LR 7
FHORFHIR 4~7
Aok 22 1~4

1.4 HESH

K H Excel 97-2003 #1754 3820471, R SAS
8. 1 k22 53 i & 3BT (P<0. 05) , OriginPro 8.5 %K
P

2 HEREHM

2.1 HEERRIIERR

e 2 ATHT AR T RE AT R 1 7 R A 22 1R 1
A HFPERRIA I E A T 0. 2% ~ 1. 0% Z [ B, 1
ARG it 25 R RS Dl s g B 4 v, ELARS TR
A PR ) 25 S 0 AT AORS Il IS N A O =
1. 0%, 52 255 3 KAE 100% 1071 75 55 Bis v, 7
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TN b X 7 e T AT A Bt 55 9 i) 9 3 ) A
TR X SRR I B B R A O, RES I Ay
TN 0 3 i T A0 A A R 55 , S S A 0. 29% Al
0. 4%}, AR Ear B AR M N I8 2 0. 6% 1,
PRI S T 22 B A T HE BRI s 24
BAEMA IR T 0. 6% ~ 2. 0% 2 8] i, H X405 14 1Y)
SR TR 20 2 (0 5 g i i, ELAS [R) 5 oAb 2
HIRI2E S 03, AT RN 4 2 B g A0 TV AL B
BRI A SER B SRR B, —E B
AT I REA A 75 2 R AR EE B AR I

®2 FAREFEBRANENS KBELK

ERKWFM (n=3)
Table 2 Effects of different adding amount of lemon
essential oil on mycelium of Penicillium italicum
and Penicillium digitatum (n=3)

LT P2 e BERELIK

Diameter of Diameter of

PR IS A A

Adding amount

P. italicum/mm P. digitatum/mm

of lemon
essential oil/% 34d 74d 34d 7d

0 27.0+0.7a  58.0+0.7a  31.0+0.4d 58.0=+0. 6¢
0.2 20.8+0.3b  44.2+0.7b  35.6x0.4a 63.1+0.3a
0.4 15.2+0.6¢  33.4+0.6¢  31.7+0.4b 58.5+0.3b
0.6 11.2+0.8d  31.1+0.5d  29.6+0.7¢ 57.4+0.7c
0.8 8.8+0.6e  25.0+0.3e 27.2+0.7d 53.6x0.3d
1.0 5.0+0f 16.2+0.7f  25.1+0.4e 49.8x0. 3¢
2.0 5.0+0f 14.3+0.3g  23.4+0.4f 46.9+0. 4f

1 R RN F R R 22 57 .35 (P<0.05) , T,
Note: Different lowercase letters in the same column indicate significant

difference at 0. 05 level. The same as following.

R A, R INE KT 1. 5% M Fr G
TH Ak BEAERH SRE SR, SR R 2t A (A0, I T AR SE
JE LR AR DRI S 28 0 3 5 Ay A RS T P S i
1.0%,
2.2 FriErEim A H S A A TR X R SR SRR IR 58 Y
M

1 AT A T 0 4 A5 2 i SR
SR R I RS T RS LR, Ak Tl &
A2 T Ak FEESA R AT SR R S SO IR A AN T g R
H CK RS2 Ry 56 3 B 0 T A AL B2, B D AR
PRE A, IFHREER 00 K, CK A AH SR 52 (1) I 1% 53 Ji
18.72 mg-kg™ -h™" | H5HAA L, A B .C 1 D H R SR
SR I R BE A M BE AR T 7.8% . 28.4% . 21. 1% Fil
33.8%, L5 BRW et il S H: 52 T Ak 334 e
ARG AH SR S B R G 23 T D A B 41 4 R

WP IR 58 S
Respiration intensity/(mg kg™-h)

0 15 30 45 60 75 90
-3 18] Storage time/d

TE A F)/ING TR IR [ — I e A [a] Ak 2
4125 B3 (P<0.05) . N,
Note: Different lowercase letters indicate significant difference
between various treatment groups at the same storage time
at 0. 05 level. The same as following.
E1 #FEEMRESERE SLESMMt
35 5 B X HE P I 5 B Y S )
Fig.1 Effects of lemon essential oil and its mixture
with chitosan, calcium chloride and natamycin on

respiration intensity of Ponkan
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TECES 30 A1 60 KI5 CK JC 3 2 S 4, Hiliab
FHZH R AT SR 52 06 e R 85 AR T K, IPREES 90 K
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Fig.2 Effects of lemon essential oil and its mixture

with chitosan, calcium chloride and natamycin

on decay rate of Ponkan
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iF, CK REAH SRS I 12 R ik 23. 0%, /& D AL B2 1Y S BB =S AL IsZcC
1.4 %, D ALFRLAEN R 60 ~ 55 90 K B Al AH 5 51
Ji e R85 g SN F A IR 2, 3R, D bR bk
e e R A o
P L 3 T A% G A A R SR 51 2K B R AR A I €
I AT R R B LT, O 45 ~75 d 5 b B B3
AR SR B AR ENT CK, 4 2 90 d i,
ALC H1 D Ab P20 R AH S 52 2% 3 255 008 23, 76% |
22.53%F120. 16%, i Z % T CK(25.52%) ,CK 5 B

AbFRLH [A] TG 35 25 S, HL P SR S A F R B e ple
AT DL ARG Tl B 52 T 12 Y Ak B R A 8 R AT R AT i
ORI e B3 o D ARFRZH ORI

JL:::QN="\mm):" [e

RER
Weigth loss/%
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-5k [A] Storage time/d
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Fig.3 Effects of lemon essential oil and its mixture

with chitosan, calcium chloride and natamycin on

weight loss rate of Ponkan

2.4 IFERHREE S RAMEX M RSB E TS
B

& 4 ml 0 REAT SR S48 90 d IR E , A AL EEA
HESEHMIL, R SR AR AT 4 1 5 CK T e 2
5. B PR REHT SR SRR S CK R E B % 2 5, 4
WL ZE RN B AR 3 R S T CK, C bR SR
EBREEATE /3 A AR T A3 0 34 8 2%/ F CK, D &b
PR AE AT S S A0 L, S5 0 ST A R AR 4 4 i
5.5.5.3.5.4 F1 5.2, ¥ T ALK 4, & D 4
2 R TR AT 5 I R R A B B T
2.5 IR RESRAAEXHHRELERRRN
=AU

H12¢ 3 .4 A1 EBE AN P b | 253 2E A A
RS TSS FLERE & B SRR SE BT E TR BT
R IR R SR R I8 AT SR S 9 T A e Ak T g
Pt [ B i T T S0 W AR FH R AR D 5 3

4t
WiH Items

S (m )1
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EXSRMHHIREE 90 d HEERS KN
Fig.4 Effects of lemon essential oil and its mixture with
chitosan, calcium chloride and natamycin on Sensory

score of Ponkan after 90 days storage
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TSS FriEfil C AbFHA Z (]34 25 5 W 2 B A D Ab R4
FEFEATE R R RS TSS S In A B E & T CK, 4
TP ZE 90 d BF, A B C Fl D &b P AL AT 52 TSS &
A SR EEST CK,{H A B.C M D &b
TS R, FrEh i B L2 e b 3 3
AL AR R S SR R B

f & 5 AT b fa]  CK AR FEZH REAT SR 52 TA
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Fig.5 Effects of lemon essential oil and its mixture
with chitosan, calcium chloride and natamycin on

TA content of Ponkan
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R3I FERERIRESERE SUBNAMERSMIINH TSS 2BHFIME (n=3)

Table 3 Effects of lemon essential oil and its mixture with chitosan, calcium chloride and natamycin on

TSS content of Ponkan (n=3) / %
I3k A ] Storage time/d
20 5 Group
0 15 30 45 60 75 90
CK 11.2+0. 5a 11.5+0. 2¢ 11. 8+0. 2b 12. 0+0. 3¢ 11.8+0. 2¢ 11. 6£0. 4b 11. 6x0. 6b
A 11.2£0. 5a 12.0+0. 2b 12.1+0.3b 12.3x0. 4be 12.20. 4be 12.4+0. 4a 13.2+0. 6a
B 11.2+0. 5a 12.2+0. 2ab 12.6+0. 4a 12. 6+0. 2ab 12.5+0. 3ab 12.5+0. 3a 13.5+0. 5a
C 11.2+0. 5a 11. 8+0. 3be 12.2+0. 2ab 12. 7+0. 3ab 12. 4+0. 3ab 12. 7+0. 6a 13.3+0. 4a
D 11.2+0. 5a 12. 6+0. 3a 12. 6+0. 3a 13.0+0. 4a 12.9+0. 4a 12.5+0. 4a 13.1+0.9a

R4 TEBHRESERESUSTAMERSRINHSESENZIT(n=3)

Table 4 Effects of lemon essential oil and its mixture with chitosan, calcium chloride and natamycin on

total sugar content of Ponkan(n=3) /(g-100g™")
JE7 K s} ] Storage time/d
24 5] Group
0 15 30 45 60 75 90
CK 8.09+0. 25a 9.16+0. 22b 5.99+0. 23¢ 7.73+0. 33¢ 7.01+0.23d 8.73+0. 40b 8.24+0.32b
A 8.09+0. 25a 9.19+0. 21b 6. 54+0. 26b 8.95+0. 42ab 8. 13+0. 39ab 9.92+0. 0a 10. 00£0. 31a
B 8.09+0. 25a 9.95+0. 37a 6.67+0.21b 8.00+0. 15¢ 7.53+0. 16¢ 9.52+0.23a 9.41+0. 16a
C 8.09+0. 25a 8.91+0. 52b 6.88+0.31b 8.57+0. 13b 7.98+0. 34bc 9. 89+0. 28a 10. 05+0. 50a
D 8.09+0. 25a 10. 37+0. 18a 7.35+0.21a 9.23+0. 18a 8.55+0. 20a 9.71+0. 24a 9.54+0.42a

SETA SRR 0.17 g-100mL ™", F R, A B.C
MDAFEA TA &89 CK 19 1.4,1.7.1.9
2.2 4% AT ULATAEORG I B LA T Ak B i D 2 R SR S5
TA BRESAR , Horp D AbFRATRE BT 4 M PR 57 TA & i, 2
FEIR S AU T

&6 AT, 45 AL FRALRERT SR SE Ve AR L a3
— 350, BRI PR ST [R] f) 2E T BEAIG, Jo D A B AR
S Ve S TGRS R RUBIE] (90 d) #1RT
11. 34 mg-100g™",CK MM SR SE Ve @ik T 14.34
mg-100g™", D AbBRAIAEIRES 90 KRBT Ve & &
CK i 1.2 1%, MIIEES 15 RITIR AL B 52 Ve &
HEE R T CK, HE 75 KIFHRBR CK A H:AL 4 4~ ik
PREH 8] 22 S 103K K £ BRI At il S H:
R BCALPRREA SLHE S8 5L Ve BYRER, Hodh D 4B
HehE Ve SRR LT,
2.6 1TiEHEM R H S B Ab 3B X HEAH R R 40 B B E
FERPA MDA B S EREMN

MU IE 5 A 20 75 250 5 1 40 B e 3
FHAH R 7 M Fom A M B ) e S B, R 5 7
L AR A5 A B R SR R AR H R AN
ALY ETF, Horb D b2 AR fb i F- 2%, CK - T
PR Z S 90 KEF, D AL RN CK [ 2R J AR X
S5 BT 30. 5% F1 38. 9% , CKH 3R Bz A7 X H,

ckESa (1B ACE

3
Ve content/(mg-100g™)

0 15 30 45 60 75 90
-5 ] Storage time/d

E6 iFRHMRESERE SLESNHN
e BERE B XA Ve REHFM
Fig.6 Effects of lemon essential oil and its mixture
with chitosan, calcium chloride and natamycin

on Vc content of Ponkan

SR D AP 1.3 £, NS 60 RITFUR, CK 5
il Ab 32 ] 22 S 34 0 2 WA GERG T B L A2 T b 3
AT R 20 B 0% AR L S R T, o D
VOBLIER S e

HH 2% 6 AT, A Ab BEATREAH SR R MDA & 24kl
TP B[] ) S 4 5 BT # A BLC R D Ab B
MDA & HIRZART CK, H i D Ab3ZH MDA 7 53 i
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S

34 %

/N, CK Th s dpe i, Wz 90 d B, Al A 2R 52 MDA
FrREIR 1,860 wmol - g7, B E T B.C Ml D AbH
4,5 A AR Z [RJC 35 28 S . SRR i A

S C A LT A0 ) A SR 52 ) BB i 4R AR B, Herf D
Ak B PRV ARG B

K5 FRERRESERBE SUBSNAMEREERN REENESENHME(n=3)

Table 5 Effects of lemon essential oil and its mixture with chitosan, calcium chloride and natamycin

on relative electric conductivity of Ponkan(n=3) / %
TSI ] Storage time/d
2153 Group

0 15 30 45 60 75 90
CK 20. 8+0. 3a 23.6=0. 4a 25.2+0. 2a 27.5+0. 3a 30. 4£0. 2a 34.0+0. Oa 38.9+0. 3a
A 20. 8+0. 3a 22. 8+0. 2be 23.1£0. 2¢ 26.0+0. 5b 28. 6x+0. 6b 31.5+0.5b 35.0+0. 3b
B 20. 8+0. 3a 23.4+0. 5ab 24.6x0.2b 26.9+0. 4a 28.0+0. 3b 29.3+0. 3¢ 33.0+0. 7¢
C 20. 8+0. 3a 23. 1+0. 4ab 24.6+0. 4b 25.8+0. 1b 28.4+0.5b 29.7+0. 4¢c 32.9+0. 5¢
D 20. 8+0. 3a 22.2+0. 2¢ 23.3+0. 5¢ 24.2+0. 4c 25.1+0. 3¢ 26.4+0.7d 30.5+0. 3d

xo6 HEBHRESERE.SUEMAMHMERERITRA MDA 2R (n=3)

Table 6 Effects of lemon essential oil and its mixture with chitosan, calcium chloride and natamycin
on MDA content of Ponkan(n=3) /(pmol-g™")
TP HS (8] Storage time/d
24 5] Group

0 15 30 45 60 75 90
CK 0. 359+0. 036a 0.577+0. 065a 0. 845+0. 054a 0.970+0. 039a 1. 132+0. 024a 1. 452+0. 068a 1. 860+0. 025a
A 0. 359+0. 036a 0.512+0.005b  0.761+0.014b  0.837+0.011b 1. 065+0. 011b 1. 340+0. 030b 1. 816+0. 035a
B 0. 359+0. 036a 0.435+0. 021¢ 0.519+0. 018¢ 0. 669+0. 016¢ 1. 054+0. 022b 1.157+0.017¢ 1.583+0. 031¢
C 0. 359+0. 036a 0.410+0.022¢  0.449+0.020cd 0. 674+0. 029¢ 0.906+0. 023¢ 1.075+0.018d 1. 657+0. 024b
D 0. 359+0. 036a 0.377+0. 027¢ 0.492+0.023d  0.613+0.017d 0.761+0. 022d 0.974+0. 016e 1.248+0. 022d

2.7 HEBHEESRAAEXHE RS SVETE
e3:0EA

L 7-A AT, R RS Tl S AT A R A RE A AR
PREFRERT R IE CAT 36 PE, 4% 4b 2 ZH R AT SR SC A I i
WAE] CAT WM SR 2 T REGH EMEN T 3.02 ~
10.16 U-g ' Z ], W7 45 d 9, -4 394 7 4 Al At
CAT £ 77 TH RCR 0 T CK; 7 45 d J5,B .C
D AEFRZ CAT Witk % T CK, H D 4bFHZH CAT
e . 7 90 d I, D AbFRATRERE SR SE CAT 5k
% 6.10 U-g™' 2 CK 19 2.0 15, fil&l 7-B W] 501, %
AbFRALREHTFE ST SOD 15 1 Bl 25 It s Ao (1] A1) 4iE K 52 kg
TR LIS WEPEN T 55.79~176.23 U-g ' 2
B, FEREAI N CK ORERT SR SE SOD 1 4 i 2% F 3
flALFRZ V75 90 d B, D AbFRZH REAH RS2 SOD 1%
I 2 T AL AL B, B D AL VS BR B AR
TSR, F I 7-C AT, AR AEEORG il B LA T Ak 3R 4 T
RS POD TEME BRI, 45 Ab 3320 6 I 58 ] A
JSE POD WM AR S —3, % B TR R R, VR
90 d I, A B.C Il D AbHRZ ST POD I 35 w5 T

CK,Hr D hbHE4H 44 POD 1& PR 4L, 2 POD
PR 89 U-g™',

3 it

R — B 2R e R B | DRI, 45 R 5
MBI EE, AR EE R R, ki A1t
ST A A fth AR 2 S IC Y RE A [R) AR R Hb A0 )
A SRS A i EL AT LUIESZ SR 5L TA Al Ve & &
) R D SRS R F R RS 2 A G M R SR S
FERAMIL S, b D AR (1% Fr Bk i+ 1. 0%
FERME+1. 0% FALEG+300 mg- L' BRI 54
Xof Rl A R 5k R R A, 35 0 A S R A A A
T FE R | S TN B A TR U M R 5 0 2
IR A /D S R R 4 R — B, IeAh,
LIRS & B 60 - L' RS IS 1%52 B 1%
CaCl, & oAb 347 L R AL LR 5 20U R I3, 3 5 AW 52
5L, X T RE R B TR R RS R W s — 2
LT 3 3 A T SR AN SRS R s €O, K 0,
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CATYHE #:
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Fig.7 Effects of lemon essential oil and its mixture with chitosan, calcium chloride and natamycin

on antioxidant enzymes activity of Ponkan
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Effects of Compound Coating of Lemon Essential Oil Composite
Coating on Postharvest Storage Quality of Ponkan

ZHANG Weiqing LIN Mei® WANG Tianyu PING Xinliang FENG Xianju

WANG Yanbin  YAO Zhoulin XU Chengnan
( Zhejiang Institute of Citrus Research Address, Taizhow, Zhejiang 318020)

Abstract: To improve the fresh-keeping effect of citrus, the effects of lemon essential oil and its mixture with chitosan,
calcium chloride and natamycin on postharvest storage quality of Ponkan mandarin were investigated in this study. The
results showed that all the treatments could reduce the rate of fruit decay and weight loss, inhibited respiration rate, and
delayed the decompostion of titratable acids and Ve, which helped to maintain nutritional value and preserve sensory
quality of ponkan. In addition, lemon essential oil and its mixture also significantly enhanced the activities of SOD, CAT
and POD, and inhibited the increase of relative electric conductivity and accumulation of MDA content during storage.
Specially, the ponkan treated by the mixture with 1% lemon essential oil, 1% chitosan, 1% calcium chloride and 300
mg + L' natamycin had the highest contents of titratable acids and Vc, the lowest rate of fruit decay and weight loss,
MDA content and relative electric conductivity, and better activities maintenance of SOD, CAT and POD, all of which
suggested that this mixture had the best fresh-keeping effect for the storage of ponkan. These results will provide
theoretical evidence for using lemon essential oil mixture as preservative for the storage of fruits and vegetables.
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