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SLOW-RELEASING PRESERVATION EFFECT OF (3-CD-OPP CLATHRATE
COMPOUNDS ON CITRUS FRUITS

XIA Geng-shou GUO Sheng-rong
(Lishui University, Lishui, Zhejiang 323000)

Abstract ; The experiment was carried out on the preservation of fresh citrus fruits using the slow-releasing cyclodextrin-
inclusion complexes of o-phenylphenol. The preservative effects were evaluated through three aspects of mould-proof,
slow-releasing preservation and residue amount. The results revealed that the slow-releasing preservatives of 5%o [3-CD-
OPP showed the best storage quality, which could significantly reduce the degradation of total soluble solids and the
titratable acid of citrus fruits. After treated with 5%o of B-CD-OPP showed the lowest rotting rate of citrus fruits was only
3.04% after 25 days, significantly lower than 90% or more of the control; the decay incidence and weight loss were
only 4. 26% and 3.48% and those of the control were 21.38% and 100. 00% , respectively. Determined from the
reserved fruits of 90 days, the OPP residues were just 4. 20mg/kg, belowed the safety standards at home and abroad
(10mg/kg). It could be indicated that the B-CD-OPP is a safe preservative, not only alleviate the fruit decomposed
rate, but also minimize the loss of water and nutrients effectively and have lower opp residues.

Key words : 3-cyclodexirin; o-phenylphenol; clathrate compounds; slow-releasing preservatives ; citrus fruits

B-FRHIHE ( B-Cyclodextrin, i F} B-CD) 2 —FKHE  WAYRERIERAE, vl EHAE G R -* HZE
M AER IS RS RK LS, A BRI MO E a2 A B (FDA) IAE
JERIZEK BT, P ATE KR WO e FE R 4 5 45 T T SRR SE TR Wy (OPP) J& — B e SR B ) 3% A% 1
B EHLA R A o F I BB S FRAw T 7 2 W B SRAIAM R T 3 R TSR MU (7K

YriE B . Yo ks B8R 20120309 $#£32 HHA.2012-09-18
E& B WLl K iR R H (Y1200735007 ,2010JYZB08) , #i T4 48B3 4 % B (LY12C14003)
VBB A (1968-) 53 WITLEE = N, B2, WF 5 07 1] 2 o FH A W0 8 R A W it AR B80F 58 . Tel:0578-2271310 ; E-mail : Isxyxgs @ 163.

BWESE IER(1976-) , 55 TLVURERT A, BB, WF5E 5 10 R 2590 73 i 56 1. E-mail : guosi9608 @ 163. com



1266 % 4k

S

26 4

SRGESE , WS KR A 2 A AGe B 7 i 25 (9 17 g
PRasg 0120 HR AT OPP WO SR i 3R 1T 92 0 s I8 itk
(7 1 HEAT D7 T PR 68, 23 70 SR i 3R T 7 A2 OPP Bk A
TN A2 Bl DA IR FR TSR PRI il &
— I 2 OPP 1Y R AR EEFIME D OPP i Ahn , i
TGS TN OPP T8 PRS0 AN 4R Mk R i v,
IRFRBEOREE Y H Y 5 R I BRI €05 1 OR 6 77 RE 4
R TR, B s e D IR B e

I, T 5 L KU B AR SR AR 2 | 22 Em] 73
ARTERIE R R AR A 3 R X 3 R
EF 30 0T T RRUATH it BT 400 T o R e g L T o A AR
G BRI,  (ERS T 0 B A5 J o PR Bl iR
RORKAE TR H B —2 A R AR EF 1 B 6 7
e AL TR 5K 1T 2 TR R 5] gl vl i A 1) X A
AR A IR PRI 151 2% OPP il 4 B RE
IR T X 7K M DX LR A P fi A0 R B T f A5 4
LA PR AR B T — 2RI AR

1 ARSIk

1.1 #H

TR AT F) AR M REUA , SEBEI000G | (PR /N
A TCIEEES TCH R A A1 k) ; [ 2k OPP 28 e f
RIA LI AR 1.3.1)

FH AT % 4 (B35 0 ) A 19 TD-35 %K
FFFET T, Je s SRR R B R A BR A
D T 7 R 1 8l A7 37 2 A ( AT-500N) , H 7R 3¢
FBEE, F 2N F] s Waters 600E /55 50 AH (431 R 40, 5
Waters 2 A
1.2 7%

L2.1 s as & HF 0. 12mol 19 B-MHIKS (B-
CD) B HAFEY) (B-DPCD) i T 100ml LKA (Ve
V=1:1) PR IREESIE 70°C ~80°C Z [A], 2%
P2 [0] £ FE KV W R I ARE R EE 2K 3 (OPP, 0. 1mol, 16
g) ,80°CHHIR I 4h, W 58 ER R A B = I, A T UK
FEAT R A Bl B AR 20 P A P KR TS TR
153 2 F42-5% CD-OPP 1 DPCD-OPP( & 1) .

1.2.2 BEEANWAZLRNE PRSI R
Wi R, H A H OPP, CD-OPP K DPCD-OPP 43
TNECH] 1%0,2%0,4%0 ,5%0 M 8%0 3t 5 4~ Fofs FE Jit B 73 4K
VR0 (9 2508 W, L2 B T 24 7 A B % IR, iR
LYW N 28°C , K R AH S 52 7E A [ i i o
25 P> BRI 60 1 120s 5 12 45 o, B B, 2R
Je 6 A3 T AT 7 B A o B R PR R A G Ak B

DPCD-OPP
E1 B-FRHIKES OPP L& WIE K
Fig.1 Synthesis of clathrate compounds

with OPP and B-cyclodextrin derivation

(AL FREEOA 40 1 x 10° cfu/ml FZEAEAT ) 5 75 XL
e A b A 4CH B T2 N, IF 5 R
ARG . 43 SIAE 25,50 F1 75d 30 5 4 Ab BRERRA ) 2 9
T, TR R A A 06 B R R I == P
YR R 15°C , MR R 75% , BRAbEE 3 K E
52BN EE 100 R
1.2.3 ARERMEME 25 X R L BEH 100 A48T EERE
M, AR SERSEEA T B SR e FR 10 SRW) 4 T £ 5 CD-
OPP ZZ BEAR-EEF A BCH] . B 5S¢ CD-OPP 57 T 1L
R BE I 5%0 SRR /KT E , B 100 > BRAH
F UK PR 60s J5 B Bt 1, FH AR fif 4506 H it
T RS PR 10 SRR 0T o D 1 0 2 s R fif
T WK R O 68 590 2 | FR G A RO 6 590 4 | DR
WA g i 1) 2 R B A L f ) 2 B X B 4, X A
5%l 8EH , HEL 5125 CD-OPP 2B A4 771 fity Fic 71
AHE, A AbFEY 3 RS B HE 100 DRAAT, 55 LA
3 YCHATIRS (AT VPR R4 (B3 p ) R0 AT a2 1R
R AE R S TR . AR EEINEL 90d JF
X R SEHEATA AR PRINE , R E 3 ATk
[ 2 114 100 ARSI i 2% FE RN 2

RER(% ) = (WILR TR - W& TR ) /# 06 T

JEIERR(% ) = IS BB BFRA L

1.3 CD-OPP %EBENE
1.3.1  MEAFGH & TSI GRS 10g, i
10ml H,0 F110g NaCl, it A 50ml H-ZER PUFK £ 5
L H FH 1mol/L ) NaOH (pH = 12) , F-fill 25ml &
Mk, 715 & ¥R % 4% L % 10min, 2500r/min & 0>
5min, $f_FEAYAHSE ] —A> 100ml BE H FE KA
oA B A I ER B i 20ml Bk PR35 Smin,
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B0 Smin K B JRA PGB ST — R B A VA A
I, B 3ml FEEAE S CRE57) 5 ,30°C 200kPa JiEfs
RN, 2 LT R 58, P H B 45 & Sl
2 0. 45 pm SEALIEMEL I8 5 RF

1.3.2 HPLC &3 &4 {3%#. ZORBAX Eclipse
XDB C #f (4. 6mm x 150mm, 5pm) ; JishAH . B -
K = ZHE (R 55:35:10) ,500ml H i1 0. 681g +
Pe LR R AN, I B R pH = 4. 55 33 1ml/min; 2¢
SR K Ex = 285nm, Em =320nm; #FRE & 10l 4
UL 40°C ; S HMG I K Ky 247 nm . TE 60,385 451 T 48
ARBTG5 I TE BT, PR BRI A] D 4. 8min, 7E
20 430 €0 T A 7 I T I AL, 3 B R TG S AN
AER

1.3.3 HPLC # & % & B IEHREL0. 100g 484
FEIRW T 100m] 25 f I, B B e 25, T ol g
APARFEIR T 1. 00mg/ml A BRERH 25, A % = U
WEVE TR T 10ml 285 v, FH H s g 22 20 1 T ol ol
AN v BE ) B 1 WL, 43 991 D 0,02, 0.04, 0.08,
0.20, 0.40 F10. 80mg/ml , K A5 E i 5 7 43 ) ~F- 17 0
FE 3 (R 1opl)  FE iR gE S5 R e . DT
PUETEAR Y XU BE C(mg/ml) #EATZRPE WA, 75 5 [1]
A REFIAIE R BN . Y =3.56 x10°C - 1. 15 x 10°, r
=0.9999, Bk 2h M, M 5E 5 ¥, RSD {HM 0.83% .
BRI AR.

A x M, x P x?2
S T X106

TR My bRAERI TR, g5 opp: OPP R (FH 100%
)
1.4 HESH

N SPSS 13.0 R F X & 4 #4177 2% 43 i
(ANOVA) , M AR5 2 5 gent 22 57 8 5 0017 0
Br,P<0.05 FnEREBE,

2 AR50

2.1 {REEFIR BT KA BA B BB A 2200

KA EEEOR AL B A RE AT RS 25d BIFF46
PG IR | 2 50d i R HGK 90% DL, 75d S, RUHT 4256
FFAAE 5 2 AR R VA RIS A A B A REAH 97 SR 236 18 S5 R A1
(F 1), IR 1 ATLUE DR 55075 W %) JoT 2t 43 500t
BiRE AU R dp 3 45 A B R B 2 () 2 5 3k W 3 KO
(P <0.05) ; Fifi P 6 71) 57 % 43 B0 36 K, B B 001 1
58, I SR FRIBAIR , TR B T 5 %o P £ e 751) Ab AR
A e BE I 22 | IR RZE T v Wk B IO i 43 1) R 6 551 e
TR — B0 (R B B A5, B A BT B O RIOR 3
TE Y B0 5%0 T, BAT 50d J5 A9 S8 OPP 4
9.47% ,CD-OPP 41}y 4.16% , DPCD-OPP # 8.91% .
Al WL AR EE R, OPP .CD-OPP £ DPCD-OPP {46 5]
ALFRZ v CD-OPP %5 15 960 L A %) Ak 2 850 S o -
IR [A]— R &AL F R 60 1 120s (45 2R

opp = N NN N v
Ap x My VAT HH S8 DX, 1 BH 352 96 B B X TRRL R F8) 3 ek 2 SR 52 i)
e ] M =N — v N > E v, S )
AgFERIETI A Mo FER B BB g5 A ARTEERYIE 455718 5%0 19 CD-OPP i 15 8 %o 19 CD - OPP V2 Vi 14 i
R 1 [ OPP 4bIE %k B F0 B 18] 34 B AR R B SRR &£ A B2 10
Table 1 Influence of rotting rate of citrus fruits and storage preservation under different treatments of OPP
B 48 oPP CD-OPP DPCD-OPP
mass fraction(%o) 25d 50d 75d 25d 50d 75d 25d 50d 75d
= 60s Soak for 60s

0 57.42° 90. 23* 100. 00* 55. 80" 95.27* 100* 60. 86* 91. 44 100. 00*

1 12. 63" 15. 720 21. 15 8. 17" 12.55" 13.13" 10. 59vb 14. 17" 18. 14"

2 10. 10¢ 16. 54" 18. 85¢ 6. 64¢ 8.15¢ 9.55¢ 9. 17" 10. 63¢ 12.55¢

4 8. 434 11.70° 10. 554 5.24¢ 9.83¢ 9. 14¢ 8. 45¢ 10. 16¢ 11.42¢

5 7.18¢ 9.47¢ 11.17¢ 3.04¢ 4.16¢ 3.554 7.424 8.91¢ 12.27¢

8 6.95¢ 8. 144 11.234 2.93¢ 4.24¢ 3.454 7.244 9.15¢ 11. 54¢

V%1 120s Sock for 120s

0 58.43* 91.82* 100. 00* 65.25° 94. 40° 100* 68.15% 88. 46° 100. 00*

1 11.81° 15.16° 20. 3" 8. 18" 9. 46" 9. 54¢ 8. 86" 10. 83" 15.15°

2 11. 45" 17. 46" 18. 63¢ 6.63° 8. 65" 9.26° 9.16" 10. 45" 12.56¢

4 7.91¢ 12. 424 13.354 4. 469 8. 18" 11. 19" 6.75¢ 9. 14" 12.37¢

5 8. 10° 9.55¢ 12.17% 3.07% 5. 16¢ 6. 08¢ 7.17¢ 8.93¢ 10. 184

8 7.83¢ 9.25¢ 11.86° 2.93¢ 4.98¢ 5. 96vd 6. 80vd 10.17" 11. 03¢

TE AR /NG R F R AL BRER 22 1] () 22 5, HAA S 95% (14 {5 BE ( Duncan 2 ML) . TR,

Note : The different lowercase show significant difference among treatments at 95% confidence level using the Duncan multiple comparisons. Same as the following

table.
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SRRV AT B S 2 001) , DR i Ak SR AR 7 ke R S L R
H kB 5%0l) CD-OPP 1 W AE H G2 51
2.2 BTG ERAERNR

DL i85 T %0, CD-OPP A4 A6 71 5% FH 5%
(R VR BB A T 7 25 B S, (LA S8 DR i S8R 1 ) g
FERABIFARTL, 0 T % i CD-OPP A4 K 2% 28 e {5 1 2%
R R H 5% CD-OPP {4 51 5 HoAth v 85 {5 £ )
PEAT PR A5CR F A, 437 S [ £ i 5] Ak B 5 KRR fi
RS R A RO i S R O S AR Ak
#H LAKHIE CD-OPP 41459 I Pk S R AR,
221 kEERFEEE SEELML, RLNEE
PR AR KAR 3R (6 2) Bl ] £ 2 4
S FH ARG T TEWIE 90d J , AR A 30 b 35 A %o
WREH T H s, R HEARIA 21, 38% 5 WEARKIRFIEK
TRAREEZH () 5 BTN 6. 83% F1 6. 56% , WKk Il A%
BEL Y S TR A 4. 57% A0 RE e B VP SEFT A HE LR fef 401
(KRR 5. 19% F 5. 44% ,5%0 CD-OPP i ff ) 4b
R R T RAUAT 4. 26% , WS 30 .60 190 K, XF
FEZF R AT SR 5243 51 L CD-OPP Ab 31 21 5 52 26 i % 5
2.70% 8.20% Fl 17.12% , 255+ 5.3 (P <0.05) , ]
W, CD-OPP 25 B A5 fif 28 Ab FRSCR A5t . 3 2 i A]
F Y B 6 R 0] A9 92 | RELRTE SR S5 A9 I8 2 R 2% 18 7t
150, TEITE 90d & , A 22 A fif 7] Ak B 1) X R 2H RRUAH g 422
A 100. 00% ; EAR BRI K XS {4 fef 2 1) SF- 24 2 R

T2 R[EMREEF b3 3o 5T B AH
REBREERKEZRNZIT

Table 2 Influence o f different preservation on
rotting and weight loss rate of citrus fruits
- A% ) B (% )
L weight loss rate rotling rate
sample group
30d 60d 90d 30d 60d 90d
ZHA
5.04a 11.72a 21,38a 39.88a 86.17a 100.00a
blank group
1
Jm@ Jé 1.86d 4.03bcS5. 19¢d 2.05d 4.46d 4.97d
imazalil
IE R BRI
.ﬁA%£ 2.53¢  4.58b 6.83b 5.75¢ 7.4lc 8.69¢
thiabendazole
Efiﬂi 3.03b 4.07bc6.56h  5.84b 8.15b  11.24b
biphenyl
So 2.34d  3.52c¢ 4.26 0.95¢ 2.26f 3.48
CD_OPP . d . c . e . e . . e
s 2.53¢  4.66b 5.44¢ 2.04d 4.17d 5.27d
topstn-methyl
I]\/ 17
KL 2.84b  4.06bc4.57de 2.45d 3.04e 5.38d
prochloraz

PREEF X 50 4 B2 R K 5.27% F1 5.38% , 1 CD-
OPP {36F 20 {9 Ji 2 R AR 3. 48% 5 V7 2F 30,60 Al
90d , X E 2 KRR S 552 09 ) 92 2 43 531l L 5%0CD-OPP 42k
FHZH L2852 A 38.39% .83. 91% Fl 96. 52% , W
CD-OPP ZZ B LR B AL LR REA 135 7K i 2 By i R S T
A7 T BN B BAEH

H8.69% FI11.24% ,MMAEM: THIEFTAHELKRBE  2.2.2 TEREBHATHIRESZTH T L
R 3 AEMREET AL TR X e R A SR SC AT 14 [ 2 490 % T 37 E R Y 2 M)
Table 3 Influence of different preservatives on content of total soluble solids and
titratable acid of citrus fruits during storage
. AR EREE Y AT SE R Eil3aa
FE AL soluble solids( % ) titratable acid( g/100ml) ratio
sample group
30d 60d 90d 30d 60d 90d 30d 60d 90d
18611
12.50¢ 12.53ab 12.57a 0.95a 0.95a 0.95a 13.21d 13.21d 13.21e
before storage
EEC _ ~ _
blank group
Eil i
. R 12. 93abe 12.26bc 11.72b 0.85b 0.78b 0.67b 15. 10be 15. 56¢ 17.43¢
imazalil
IE DR IR A
. 12. 75abe 11. 82¢ 11.97b 0.85b 0.71c¢ 0.6lc 14.99¢ 16.57b 19. 45a
thiabendazole
. 12. 64bc 12.06¢ 11.63b 0. 84b 0. 74be 0. 69b 14.98¢ 16.33b 16. 88d
biphenyl
5%o
CD-OPP 13. 15a 12.77a 11.83b 0.85b 0. 75be 0.6lc 15. 34b 16.96b 19.21a
TG 13. 04ab 12. 66ab 11.83b 0.81b 0. 72be 0. 65be 15.97a 17.55a 18. 10b
topstn-methyl
I]\) 17
PRI 13.15a 12. 67ab 11. 24¢ 0.83b 0. 75be 0. 66bc 15.78a 16.71b 17.05¢d

prochloraz
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PITE it 5T PE A 8 A 3 AL 46 W M T 4 ( RP 55 b
) M C iR &, 23 4508, SR L,
LR 78 Y 3o 5 o m Y 2 [ T2 40 R T i s R 3 2 T R
B A HR R A B 2 3 PR o TR A L
AR R BB, 2 90d I, & 4b B (¥ [ 2 A8 22 1
16. 88 ~19.45 Z ], e o) 72 v RRCHT SR 55 20 4L rp ]
WPEFEDEY) & = R e T S R 3 CD-OPP A
B AR 590 A P 2 Y B AT LAk 2 R
T v SR SR [ 0 1 5 o, (L 5 ST (] 1) 428
K, HE R BB B E, LAk, CD-OPP W& Ykt
PR AT ffi SRS AT PR S Wi AR AT B, AR 3 ik A]
it T i v KR R SR S 19 T 3 T AR b A
SEIBWT T Kekathe, CD-OPP 404 b B 40 5 52 g ]
TSR A 5 HAb o B AL BRZE A Y 3 KKk 25 B
ST T (18 B A SRS v M S TR 1 T A, SRS
JoT | LR RUBR AR AS 2] T b O
2.3 RigdoPPZBENE

LRIR I (OPP) VA £ it 77 JE PR A 45 Jon 741) ] Bisf
HA— 2 R 7 5% B R AR AN T R A
X A = AL 5E 0, FEXTANER 5 v B A B M X
XF OPP ¥ 5 T R 1) e KAk B i AN e 2 —HF AR Z
SEHR 10mg/kg X PAFE"™, WnsEE | HA N K
KAE K 10mg/kg, BR e KAE K 12mg/kg, XF T OPP
A% B8 I AT AN TR A ik, LT, BT FHRI 5 3 22 v
BOBAR 5 7L (HPLC ) JRSA RS (GC) 15 B0 R
KA (HPLC - MS) ¥, AR SCRH HPLC XRS5 b
() OPP %% B B AT 00 , $i IR 1. 3. 3 v &tk Rk
GG

x4 AEHELIE OPP EREHHKEE
Table4 Determination of OPP residues in

juices at different time

30d 60d 90d
CD-OPP 7.10 6.30 4.20
OPP 10. 11 8.07 6. 69

PR 1. 3.3 TR AR B A I T,
IR AN 2% 4 PR, B 2R B OPP 119 5% B o Bl B
T 11 2 e — 5 B RS, U AE R TRL B | OPP A4 3% B2 il
M EHEEH OPP VBN O &R, 5% B8 B A oK
H CD-OPP & W1E PRt it 5% i i B /N, i
TR A Bt B —E B 1E T, 5 OPP JE il
AWIE AR) B ET G A R e 7 R TR A R
Z TR CD-OPP 1E M R 511 OPP [ 5% BA 1
HAEH OPP VR MR I sk B 22 S % (P =

0.0213 <0.05) ; 43 30 F160d,60 F190d Frii2s 7 A
351 30 A1 90d A H 2% 5 ) 2 (P =0.0373 <
0.05), HBLER T LIE ) CD-OPP AL HA # 4 1Y
PREERCR AR I g 5k B i ] AT B opp
VERPREEF S —Fh A i i 22 R LR 5]

3 e

ARG, 6 5%0i CD-OPP IR AE Ny 25 A5 fif
FEoh A3, A3 25d J5 A REH i SR AU 3. 04% ,
e AR T25 AR IR AY 90% LA b5 I3 90d Ji i) 7 52
ST RN R AL Ny 4.26% F1 3.48% , T A 1R Ky
21.38% A1 100. 00% ; I 38% 90d Jii J 3% o OPP (1) 5% 4
N 4. 20mg/ kg AR T B A 2 FRHE(10mg/kg) .
CD-OPPREA k12 I KURT 75 S B 2505 1) 2 A, W 25 7 L
AR BB REAM IR H, BE kS 3 48 52 50 = K
WK AT S B A (AR T, X 228 2t T MRS B
fii OPP 212 55, [R] Ik PORIIRG 70 KU HT SR 5 3% i1 BB JE 1%
fI% O, FiEy CO, BN IREE | 70— & FEE RS
PEAE T, 0 ask i m KB AR SR S 8 7K 43 12 AT i £
FHAT — 5 P RIAE i XoF RRCRH SR 512 04 2 31 3 R i B2 %
HHHBA YR A, it HPLC 2% OPP 5% 83 (1
FELE SRR KA TP i OPP 3% B 2 (KT &k
SRR, X FEEJEH T OPP #% CD {135, OPP 1R
MEE A SRS PNER , 48 RS 1 OPP 8 4 25 78 FORRG
G RERL WA AT R AL B AR VR . AR I
IS IZE Ba] LU L, CD-OPP i 6 1) 5 AT 4 fef J5 1A K
SRt g0 SR O S S5 R, BRI ] LA S 5 4 TR A PR
i 5 5T

S AR T VR BRAT G 1 A A DG AR HE AT BR
A K e AR R — BT A0 R R R T Iy R fef
HAR,

S
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