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ABSTRACT: Objective To explore the migration regularity and the reduction and control technology of pesticide

residues in citrus during canning. Methods Weizhang, a Satsuma variety, was used as the research object to do the
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simulation test of the entire canning process. The high-risk pesticide residues were treated by soaking the whole fruit.
The design dose was 1, 10, 100 mg/L. Through the selection of methods and process parameters, sampling analysis
and risk assessment were conducted on various processing stages such as cleaning, blanching, peeling, segment
membrane removal, rinsing and sterilization in canning. Results It was proved that pesticides of citrus mainly
remain in the peel. Ozone and ultrasonic treatment were more effective than running water cleaning. The effects of
blanching and acid and alkali treatment on pesticide degradation were better with the increase of time and temperature.
In the segment membrane removal tests, the residue of carbendazim decreased by 67.12% on average with the
acid-treatment, and decreased by 46.98% with the alkali-treated. The best technical system for reducing pesticide
residues in canned citrus had been determined: The whole fruit is washed with running water for 10 min and combined
with ozone or ultrasonic cleaning, then blanched at 95 °C for 2 min. And it was peeled and split within 15 min and
soaked for 40 min with 0.15% HCI in 25 °C, and 0.05% NaOH for 5 min and rinsed with running water for 1 h and
sterilized after canning. Conclusion The degradation effect of each process on pesticide residues is ascertained. The
migration law of pesticide residues is clarified. The key control points of canning are determined and a set of perfect
and effective reduction technologies have been formed.

KEY WORDS: citrus; canning; pesticide residue; migration regularity; reduction and control technology
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Table 2 Mass spectrometry detection parameters

BT TET SR HELRE REEeeR (REE

%1 REEEE (m'z2) (m'z2) /s /V /eV /min
o3 DN ISP
Table 1 Table of pesticides information 163 88.0 0.10 40 18 0.57
ROy 163 106.0 0.10 40 20 0.57
s s I 7RI :
AR SE IR TR 202 117.0 0.05 35 17 0.67
LR 50% AR iR A2 A 202 14520 005 35 18 0.67
PN =] ASE
il — FﬁﬁEiiéttmﬂ 207 89.0 0.10 40 20 0.64
M g s = /Jig }fufﬁi - 2
IDK i e 40% IKELF . AT 207 132.0 0.10 40 18 0.64
" — - 208 88.9 0.10 40 16 0.64
e il 240 g/L B INRAREARZAT IR
: 208 116.0 0.10 40 17 0.64
K . T AL TR
KB % 35% ALl B 222 1230 0.05 40 20 0.65
RN VTP R A 222 165.0 0.05 40 20 0.65
I 45% ZLith g
A 223 86.1 0.05 40 18 0.52
223 148.1 0.05 40 20 0.52
\ooE 238 163.0 0.10 40 17 0.56
1.2 FE5%&
238 181.0 0.10 38 20 0.56

WATERS TQD ¥ AH 415 H3 B 1 154 [(Fe A FL ME 5 2
F i (electro-spray ionization, ESI), 3¢[E Waters 23 A]];
Agilent 7890A S AH (4 RE{Y (I 7683B A s %) \HP-1701
{43EFE(30 mx 0.32 mm, 0.25 pm) ., Cys {435H:(250 mmx4.6 mm,
5 um)(GEELHEERRHE A BRA F); CNW 12 {7 BAHZEBUA
2345 H (5 CNW A 7]); RE2000A HERE 7€ kAL (1 5
Z3l); QL-901 FEWA TR, v (il ) i HobK DLIR A il 3 A PR
ALY, FI-200 H4FHL( I ERHMYES); KQ-500DTV #7HJ
T PR Z LR R A RS |, YPB5002 LR F
(YEE(H 0.01 g, FIBFEIFBEITIERA BRAF]); AL204 LT
KNS FEMH 0.1 mg, Fi-t+ Mettler Toledo 23 w]); CFS1000
SEARMLAL R I K EFR R SR B A R A]); Cleanert
Florisil [EIAHZEHUFE(500 mg/6 mL). Cleanert NH2(%450) 2
HUH:(500 mg/3 mL)(3EE AGELA BHEA R A).

1.3 733
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SUARERE SR HP-1701 35430 mx 0.32 mm, 0.25 pm),
FEJRL: 150 °CH£ES 2 min, 4 °C/min F12 250 °C, {384 12 min; %
IR 220 °C; KDUEHEE: 250 °C; Ny it 2.0 mL/min;
Jeor i H#ERE 1 pl,

DR R BEAEI% 0.002 me/kg; AKIMERTRA 0.003 mg/ke.
132 RABEE-B BT

YRAH 8,3 - BB B B 1% % (liquid  chromatography-tandem
mass spectrometry, LC-MS/MS)%54: BYEHIE: 3 kV;
JRIR: 110 °C; JBVAFRIIREE: 365 °C; BEAFHISUE: 750 Lihr,
FHEFLIREL: 50 L/hr, 22/ Wil (multiple reaction monitoring,
MRM). FEEEBEDL, KL 40 °C, FEREAT: 2 mL. BT
SR 2.

Frk IR ZTER 0.00012 mgkg; BRI 0.00052 mgkg;
15 0.00030 mg/kg.
1.3.3 Rk 6 Bl

K 5 A Zhm o i JFH PN B P 3 R YR BE 10 mg/L AR
AR ERE R, RIS HRAE . WIS SCPRTT 2, N AR
B MY B EE, il AR T ARV . LAERE R R
BEARAR(X, mg/L), WA MIALAR(Y), 2hilbniEihisk .
1.3.4 #ouar =ik

(WA HLBERZ

HEFFRIURE L 25 O A 0.01 gt ASIHEHLH, i
A 50 mL 25, A1 2 min 5 B4 E, MR I3
A 15 g AALENEY 100 mL HIER T, WA IR 60~65 mL,
5 FET, WEWRY 1 min, FiR TEE 30 min i Z A
TKAA4TIZ B 10.0 mL ZAEHIA 150 mL BedfH, F 80 °C
Kt P ESRELLET, A 2.0 mL Nl 3% FARETT
W K R DTV R AL RS & 1S mL B0, B
293 mL NS 3 IR PR B0 E T, WRERE
5.0 mL, VR4, PRk .

) H:Ah 414 2

HEFFREBURE 25 (RS E 0.01 @ ASIHHLH, T
A 50 mL ZJi, mAIN 2 min J5 TINEAGT g, dER IR
A 5~7 g EALBNAY 100 mL HEEREH, WEIE®R, %1
ZEF, RIZIRY 1 min, FIRTEE 30 min, {2 IEMHAIK
AAYZE . W R 5 mL, FWREIET, FMA 2 mL
R+ A BE(1:99, ViV, TE), 4, A 1~2 mL B+
ZE P BE(1:99) Z i GE 2 A R EUATY 10~12 mL,
HAREET, APFEEAS 2 mL F85%, 1 0.22 um
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Fig.1 Processing technology process of canned citrus
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Fig.2 Distribution of each pesticide in citrus after soaking
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Fig.3 Pesticides degradation effects by different
cleaning methods
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R A W D REAREOR, I RERR & 12.5% . 54.67%.
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Fig.4 Relative residue levels of each pesticide before and
after blanching
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FH1TE

FE, MELRNFR 3. WHRZFTIAR LR R KT E L 1,
RSG5 PRI BE B AR LR 5. g 3. B S
AL, B TR R X AR 2 AR B s I R, 2R R
bR BT, PRI EIR 95 °C.

#3 TRIEBEERZBRAZER R (ng/ke)
Table 3 Pesticides residue level after blanching in different
temperatures (mg/kg)

RAZFE AR 75 °C 85 °C 95 °C

EAEMR  0.8200+0.0011 0.6550:£0.0007 0.45000.0010 0.34500.0007

TKRERRS 0.7560+0.0010 0.73402£0.0007 0.19800.0006 0.15300.0002

HZETE  3.0600£0.0004 2.2300+0.0005 1.2400+0.0007 1.0700-+0.0002

ZEA  20.0000+£0.0010 16.6000+0.0005 12.8000+0.0008 3.7000:0.0002

WKAEE  3.2300+0.0017 2.2700+£0.0007 1.45000.0003 1.24000.0002

B75°C o85°C n95°C

OSsem kmemnh  BEElR SR DkGEM
KT

K5 AR PR S 2 AR ZGAR X R B K-

Fig.5 Pesticides relative residue level after blanching in

2.3.2  RF#CZ AR R KRG 8RR

Xof A2 ] 6 M A TORE 08 77 4 SR o 24 5k B it g

, R ET IR 2R B KT O 1, RS 5 Rl
mmﬁﬁ A ACEEHE WL 6. Wi 6, FERT 2 min AR 2
BRI B B R B, (R PO B RS, R ER B
Rl R A /N, INZWRE 1, 2. 3. 4 min 43 FIFFEKT
34.08%. 61.00%. 62.58%. 63.64%. &% &, MEMT
[a] &1 4 2 min,

1.01 ——EE5L
—m— K e
08t o 125G
5 ) ZHR
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Z o6t e DK A
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& I
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=
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Fig.6  Effects on pesticides residue of
different blanching duration

24 K. E%. olTRENRAKEBHEN
%ﬁﬂﬁ%ﬁ%ﬁ%Jsmnmﬁﬁiﬁ AW, &
AL, Z 5o N SR R PR AT A 2 5% B 0 M ik

different temperatures MRSER I 4.
F 4 FIEATERAZRETUIER (ng/kg)
Table 4 Pesticides residue level before and after peeling (mg/kg)
V] 22y T K Hif F B 5

LR T/ (mg/L) S £ R
1 0.0723+0.0035 0.0985+0.0001 0.0086=0.0003
HEILIR 10 0.2712+0.0011 2.3041+0.0022 0.0080+0.0005
100 2.4432+0.0010 7.0767+0.0053 0.0111£0.0008
1 0.0106:0.0001 0.0112+0.0015 0.00840.0007
IK P 10 0.09260.0002 0.2110+£0.0006 0.0142:0.0001
100 2.1711%0.0009 2.0446+0.0015 0.0137+0.0012

1 0.044520.0006 0.0400+0.0006 N.D

(Y 10 0.2044:0.0004 1.6656:0.0088 N.D

100 8.6914=0.0014 11.5246+0.0043 N.D
1 0.3600+0.0009 0.1550+0.0011 0.1650+0.0020
ZW R 10 2.7000+0.0017 9.8500+0.0122 2.3500+0.0018
100 10.23000.0024 17.30500.0171 2.2500+0.0009

1 0.0897:0.0007 0.3230+0.0022 N.D

Ik Bt g 10 0.53410.0017 1.7260+0.0011 N.D
100 6.2298+0.0011 11.1246+0.0011 0.0089+0.0010

TE: N.D fUFRAG T, B B (/N T I s i bR, % 6~9 [Fl.
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Fig7 Relative residue level of carbendazim in peel and
pulp after peeling
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Fig.8 Appearances of orange segments after acid treatments for
different duration
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Fig.9 Relative residue level of carbendazim after acid
treatments for different durations
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Fig.10 Appearances of orange segments after acid treatments in
different temperatures
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#x5 BRAEREZERZBEMXILE (mg/kg)

Table 5 Comparison of carbendazim residues before and after
acid treatment (mg/kg)

wE  REARE

S W mglL) TR A R AT FRAbEE  BREAREL/%
1 0.1650£0.0001 0.0612£0.0009  62.90
ZWR 10 2.3500+0.0001 0.7132+0.0004  69.65
100 2.2500+0.0003 0.7017£0.0002  68.81

2.6 WRALIERR EARIIEN RATKERIFE

T 25 R 28 45 B o e BEAT AN TR B 1] i Ack 58 248 A 3K
5, FIRUEIEZ W R o R Ak BERTA 2 5% B K-V E SCR
1, Ab P 2 R R A AR AR B A WL 11, iy [T a] 0, et
BRI [A] B, A2 5% P AR AR BT [N 25 FE 2 Ak
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Fig.11 Relative residue level of carbendazim after alkali
treatments for different durations

R AL TR B AR TR AL B, BRIV 0.05% 10 A A
AR BORIAEHE 5 min, 2 J5PE4T 25 25k B B
Br, G5 ILFE 6. 3R 6 WA, Z5 18 RAEAH G GE Sk Ak Bk
PP REAR TR 46.98%,

=6 WAAERHEZERZEBE M (mg/kg)
Table 6 Comparison of carbendazim residues before and after
alkali treatment (mg/kg)

K2y RGP

SF e melL) T4 L i BALIE  REARR/%
1 0.0612+0.0001 N.D 100.00
ZWR 10 0.7132+0.0013  0.5828+0.0002  18.23
100 0.7017+0.0012  0.5423+0.0004  22.72

2.7 BRI ENKAZENRME

i BUR BT OK FEGE 1 h, T ZER
FRERINE . TR 2 R ELATRILE 7. Bk T
AR, 2 RAEE S R P SRR 93.24%

®71 RREIESEREEE X (mg/ke)
Table 7 Comparison of carbendazim residues before and after
rinsing (mg/kg)

12y R R o e . i
TP T ey = FEACRE
ZFR W /(mg/L) /%
% 1 N.D N.D /
] 10 0.5828+£0.0100 0.0435£0.0002  92.54
# 100 0.5423+0.0007 0.0329£0.0002  93.93

T AR AR TR i . Tl

2.8 REEEMNRAGZRBHRI
P RRIRE T 2000, I Ph o AR e R 0 . R ]
6O B OE LR, REHETRE . B
., RAERGZ WAL R 8. & 8w, Jn
WERR B A R A5 R ) 22 TR R 5k B8 I A AE T (B 2, 735
AR R 81.16%,
®8 RENESEREEMLIER (mg/ke)

Table 8 Comparison of carbendazim residues before and after
sterilization (mg/kg)

=) = =X

1 N.D N.D /

ZWR 10 0.0435+0.0001 N.D 100.00
100 0.0329+0.0002  0.0124+0.0001 62.31

29 ZERMITZHEERAZBELERET K
M

H 9 AT, LR A 1 mg/L Fl 10 mg/L IRA4K
IR AR R, RS i Fp AR 2 Bk B Y
/NF0.01 mg/kg, MZABEWE N 100 mg/L IRARAEHG
P25 2 T RAE AR T S rh AR R EE AT REMEAS 0.01 mg/ke,
TR CVRE Sk 7= A A E B B AU <

&9 HlEMI2EiEhSERKZEKTE(mg/ke)

Table 9 Residue level of carbendazim during the whole process of canning (mg/kg)

=Sz
e pE/ eSS S (Egvi v B R [ S AL HE MR N
(mg/L)
1 0.7528+0.0007 0.5702£0.0007 0.360040.0003 0.1650+£0.0006 0.0612+0.0003 N.D N.D N.D
10 6.1480+0.0011 4.7493+0.0001 2.7000+0.0011 2.3500+£0.0010 0.7132+0.0007 0.5828:0.0003 0.0435:0.0001 N.D

100 22.4036+0.0152 17.9789+0.0112 10.2300+0.0006 2.2500+0.0007 0.7017+0.0007 0.5423%0.0011 0.0329+0.0001 0.0124+0.0001

3 Fi5iie

A AT A S L A AR LR AR, 2 R
BB T AR R B, SR R R B B RSP A XA

A FE Sk I T A R B e T RE R BR — R R
H A 25K R, T/KIEUE 10 min BB IR R R A HR A 25
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DET P b PR K, H S BSCAE 5 Al A AT A K
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T T Ak R v nT p A G A R K T DR R e B L A AR B AR
%} A 24 %) A gt SR Bt 55 S %) 8 T R L % T s R A
R T SRR 5y i, SORFEM SR PR 5, [) I 4 25 5%
B AR, B AR S 95 °C, ALK 2 min.

i b B A IR I v 22 T R AR BR T ERE AR 67.12%,
i Ach HE I PE A R P 22 B R Ak BRI T B R AIG 46.98%, LG
FIERRARER | WS TR R R YRR IR A,
W22 K YIS R FH U 0.15% R BRIA W AE 25 °CF
FHIALFE 40 min, ZJ5 PRI 0.05%1 2 A AL4nR i
H 5 min; 2 1A R IR DE AR T AR T8 R AIK 93.24% .
VAR 5 AR R T 2o A P v YR 22 B R ) A — A IR,
H2 100 mg/L BRI HRIZ B EIFINT 62.31%, Hf
W2 R4 AR, FEWE N 1 mg/L Ml 10 mg/L FIRAR
PR, AR R 25 /N E 0.01 me/kg, KT
EE FDA X3 & M HE AR H, BI/N T4 H R
0.01 mg/kg) ANFELERUS:, T2 5 e EE 100 mg/L =5k BE TR
BARZIZ WG, T HE Sk 7= 5 b 22 B R AR R ] AR
0.01 mg/kg, 177525y WU o AR50 2o X il 4 2o P R B
5T, BRI TARZGFR AT, JRI0E T HIE I REL 25k
BRI SO AR R SR HFKIEUE 10 min 145
AR BRIV IS TE 95 °CHZ 2 min, 15 min N 225 /R,
FHRFE 0.15%BYERFRIFIRAE 25 °C M2 AL 40 min, 22 J5F
FHAREE 0.05% M E E AL IR AL IR 5 min, JK TEVE 1 h,
TE 5 SERE R R AL

M AR B0 25 R AT 0, Sk T DR A E Sk 7 PR
T TE A3, 1 Je AT P 0 Rl O SRR 58 5k B 5,
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