254 12 1
324 2009 4 12 A

gk TR 2
Transactions of the CSAE

Vol.25 No.12
Dec. 2009

3 5 oh A 4L S R 5% R MRS o R PR SR AR AL
EHEA, B, RTE, Gk, KRR

(PR MBS A B Bbe 5 T2 e, Mk 7121000

B OF: hERIEFSERE - ARE, E ESER N DA A SR AL 10%, SR ERIA R e e,

RAFRE 2 T EIREZ

TSR AT 1 0T 8 7 38 25 B R P AT HLSRUR 20 B (K T 2500 (O, I i)

R A AT T Ak, R 75 il A B0 3 0 = B R OTHR R W S AT T b 25 RH: 8 ik LB b AL
FARVIFLBMGE T ESHCh: HEKRII%F KA 609.16 W, % 70.46 min, /¥4 15.45°C, LERFEIEZR] 64.32%; i#
PRI AR EE S SRR e B R s SRR, BEREE e B, EREH H E SR & FE O
S RARUE TR . B D AL B R PGS, BB AR P LA 255k, BRI B R e A, IRA SR
HERIEIE . . FIEEF A, WA N AR SA T 1 .

KR AEK, RE, KR, FR, wupumdE, ANARGKRE

doi: 10.3969/.issn.1002-6819.2009.12.056
hESEE: S122, 48178 XEkFRIRAD: A

XEHS: 1002-6819(2009)-12-0324-07

EBF, B, RIE, % FRPFISKAZERBRERERFEMMUL]. RITEFR, 2009, 25(12): 324

—330.

Yue Tianli, Zhou Zhengkun, Yuan Yahong, et a. Optimization of conditions for organochlorine pesticide residues removal in
apples using ultrasonic[J]. Transactions of the CSAE, 2009, 25(12): 324— 330. (in Chinese with English abstract)

jilll3

0 5l

SEULE P E AR — KR, AR AN sy e S
A 3R b A i B R E S AR P 2
—o HHT, R xR R 2k B AR SR £ |
T B ™, Rl A DGR TR S R 22 1 T B
SRR H EPNEE . H A S RS 1B
A WINTER, AEAESE T AT I, [ S R
PR R, AR R, DU S BR P2 SE R
Jie 2 PG TR 0, bR 255k B bR
R ERRRZ —, I THRSERA KR L4, 1B
ERAEE bR ir g 54 7, Inasons 3P 5 v A 24 4k B A
GIRT AR 25k B bRV R AR 25k B R BRI T B A5
S,

H i N AT R BRI 2 BRI %2, W A A9
Yy BRI 2 B Al s vk, IR G VR A SR ER AT AN [ FE S
PR Rt 25 I, H 2 AR 06 - SRS v R 25 5 B 1)
B fig 210, TSR Fh A B R A RS R
AHERZ IR, AR g g, H
N 3 S B il TS W AR /N 1R 22 ok vk A 2 e SR
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1.1 EFEMRSNE

W E L, WAEBRTEE FKE, fEREE -1~
0°C, BN 90%I1 44 F Itk 90 do

K2y — IR (15% — PR TR, PO EDE AR
WAEBRATD . FHE (75%RMHR 7], SE s EY R
PAHEATD . SHEIR (0% 7, VLR R4 4
BUTARAA R AT .

RGHRAES: TR =WE. SR, WERR
100 mg/L, W E A EBRED T O
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REEH NG AIGHIE Abds EZANE; NaCl: 4
Mrali, 140°CHEKE 4 h;

[ AR : 9B % B FE (Florisil), 2 6 mL, A
789 1000 mg & e HEARF R A,

U AL FEHL : KQ—T700GV DV B = A5 i vt Hie 42 8
WIEvEds (LTSI AR AFD; GC-2010 HSAH
O (HARHED, EEHH-6 BB ER KB, Ytk
SHTA: TAXT plug/50 (3% [E Stable Micro Systems/ #] ).
1.2 REAHE
1.2.1 #H&me)h&

B oe B0 s LR H B 500 mg/l,  — M
100 mg/L, ¢ B JIK 500 mg/L TR G AR 2 i i i 10 min,
I A JRCE 24 h £ .

1.2.2 AMARGEN 5 ik

L AHLEAR L 5E ik

HHLER DN E (% NYIT 761.2-2004"%).
RARIDGHE 75 e Ab 22 5 (1) 2% 25.0 g CRsffi 22 0.01 @) T
250 mL JFLZE = A, N 50 mL, s A) AR
Ja it R%EA 7~8 g NaCl /) 100 mL B ge &, iz
P 1 min, 1l 10 min, i AFEMFIKA ) . TREL
10 mL _E359 70°C FiR4E 2101, 5 mL 1 Che ik
WY, ERTERA S FIRA SR 2T .

BB 2 B A O 5 mL - IE S (10+90).
5mb 1E CRETmk AL, 3L TOMGER, SRR R
A B FE SO R e, 5 mL N IE Ak
(10+90) VLM IR IFIMRVE 30 B Y AE . 55 S eI v e
IKIBELE BOCA&M FAERZIL T, HIE il e 84
5mL, R RE AT E .

2) SN E A

RHILREA RS (DB-5) filif: (30 mX0.25 mmX
0.25um); HEFECIIRE 200°C; ECD # 4% 320°C, i
150°C (f##F 2 min), LA 6°C/min [ TF4 270C ({4
8 min); A (N R 1.2 mL/min; #EAETT 244
WMIERE, M 1+10. HEREE 1.0 ul.

) B ERIE

B B 2R o= P 38 A B 1) R 245 5k
AR 25k B 1 X 100%

1.2.3 vh ¥ @ ik iREik it

W R ZRARES, e IR I R E
SR R4 F, BT3RS BR P AN S50k, ik
PR 28 kHz, FIHEEFS PRI WA
WA PR 2555 B R BRI T 244 . BURHSH i
A SAS9.1 Ay 3 [K 3 3 /K1) Box-Behnken #EA 3E4T
WRIGM, AR A T i 7 AT

Xi=( Xi —Xio Y AXi
K Xi— AR ESE; Xi— HBREESLE; X
H AR AE R O T R LS s A X ER'S RS
K. AETIREK e al e R E AR, AR X
(Th%, W), X, (R, min), Xg (G&E, CT) 3 4 H
ARt R FE g S KT LR Lo

O SRR

#1 RRATERZREBRKTE
Tablel Codeand level of independent variables

1R iR
ES I Yty -1 0 1
ENY X1 X1 490 560 630
N i)/ Xo X2 30 45 60
W EIC X3 X3 14 22 30

e S ECSE AR IEGRAD AR . % =(Xy - 560)/70; % =(Xo — 45)/15; X3 =
(% - 22)/8.

T FHASCHN TR 28 03 H17 o 1 e £ A 5 v o v s
AR R 3 AT B SRUAR 2 B B 7 I R R I
PR BAT AR 2047, HH A 508

DX,
i=1

Ji(x)z >y

Kb S——AFALELZ [ AL ) —2AFEdh Xt
LRy —5% nfitFES (n=100 XM ERE
KA AR SLAEREAEIT 1 U W A [ AT {BL

A A (D X 3P PLEAR 255k B 1 L BRR kAT
ML Z R ARUEZ 70T, 45 AR S M, 1T Mo
XRRHIFE, IXEACEH M B~ = fE o,

S= 1

M:

1
0.97276 1
0.98612 0.98470 1

HHHERE M ] BUE 3 Bk 241 22 B A 1R = (1 AH
A, DRI DA HLSAR 245k B 1138 25 R Sy i ALY
CIEPSE i E AT S Wip =)

Y=ﬁ0+zl:ﬁixi +.Zlﬁijxiyj (2)
i i=j=
BRI A HGEE P i T % IR TR AL 3 AN AR HEAT AL,
MA (2) Fin U ER 3, ATLMEREIAK (3D WF
Y:ﬁ0+ﬁlxl+ﬁ2)(2+ﬁ3x3+ﬁllex2+ﬁ13xlxs (3)
+ XX + ﬁnxlz + ﬁ22X22 + ﬁ33)(32
e Y—FIME ;. fo——H I fov Pon f—EME
RHO: Prov Pras Po— L HINRE: Pus Poor Pa—
TIRINARH
1.2.4 FRIEZZFEGNE

LR L BRI P VP S R T AR

) REFE: FHAD I 58 4SO 39 R 26 Je Jim A SR S Al 4b
UGS I (1) ECEA T B8 S PR U 2 5

2) FWE: Z%SBIT10203-1994M, P

3) MM Z%GBIT12456-1990"", 7Rk,

2 HR5HH

2.1 HMFTEREED T
2.1.1 BESHF
LTI P AR S AT 2 AEIE , 3 FHATHLEAR 2
TREARRE S 725 S RN AR B (938 141 73 Tl WL 1~3s
HIE] LRI LA, 3 R HLSUR 25 7R 20 52 KRl A%
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AT 1R v PV FE AR TR, RIBRAE S BN R, SRR
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B1 3HANARG I EEREERD (4mgL)
Fig.1 Chromatogram of three kinds of organochlorine pesticides standard solution (4 mg/L)
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Fig.2 Chromatogram of apple without addition organochlorine pesticides
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B3 ¥FR¥IMAMIARGRE EiEH
Fig.3 Chromatogram of three kinds of organochlorine pesticide residues in apples

2.1.2 S Reg A o B LR 2,
WRIEFREEE 25 9. & AR 5 mL FIFEFEAAR L ul, 2.1.3 WV R E R
DL 3 5k 2 M 7 I F €00 0 0 v 1 Dk AR 24560 HE PRy s B A TE3E R oh 2 IR 4 mg/L B HLEUR 257 0E S, i
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ROTLLEH: 3 MaHLER 2R 88.21%~
110.82%; &5 RE<11%, FFERMATIERAE R A
70%~120% i), 285 RZENT 20060 E K, 5k
TR P RIORG 25 B e B 255% B9 0 pr 25k, Al 7 vk v
ml 5.

F2 3THENEKRANKEEIR. LW RSETRERY

Table2 Limit of detection, recovery rates and coefficient of
variation of three kinds of organochlorine pesticides

&5 EEAFEEEARYMMEITHE

RAGLF FCR%  bfEZE BERRIU% B/ R(mg - LY
R 92.27 0.047 5.09 0.0009
= I 88.21 0.0965 10.94 0.0020
S IR 110.82 0.0354 319 0.0100
I n=3

Table5 Estimation values of regression coefficient

E A 28 fefEsE TE OKTsER
T 1 50.96 1634531  36.68 <0.0001
X1 1 6.05625 1292210  4.69 0.0022
X2 1 12175 1292210  0.94 0.3775
Xs 1 293625 1292210  -2.27 0.0573
X1Xe 1 -11.735 1781189  -6.59 0.0003
X1Xo 1 40875  1.827461 224 0.0604
X1Xs 1 -426 1827461  -2.33 0.0525
XoXo 1 -16425 1781189  -0.82 0.3871
XoXa 1 -1.8175  1.827461  -0.99 0.3531
XaXa 1 5505 1781189  -3.09 0.0176

2.2 BEKEMRFHIRL IS ST

2.2.1 RERERRESA AR FEGES
B I R 17 2050 2 HE DL SR 45 2R W
% 3.
#z3 REFITEER
Table3 Design and results of experiment

R HA DR AR DAY

45 N

WS X1 X2 X3 RIAE/% FIMEI%
1 -1 -1 0 4271 43.40
2 1 -1 0 50.58 47.33
3 -1 1 0 34.41 37.66
4 1 1 0 58.63 57.94
5 -1 0 -1 36.46 35.34
6 1 0 -1 53.16 55.97
7 -1 0 1 40.80 37.99
8 1 0 1 40.46 4158
9 0 -1 -1 52.28 5271
10 0 1 -1 60.91 58.78
1 0 -1 1 4835 50.48
12 0 1 1 49.71 48.28
13 0 0 0 65.12 59.96
14 0 0 0 57.15 59.96
15 0 0 0 61.34 59.96
16 0 0 0 5852 59.96
17 0 0 0 57.67 59.96

XK 3 IR AEAT A BT, AT LR 25k
RO P IR BRACRIN 3 AN 22 5 Wi NAE 1 R AT T R 51

PRACR R -

Y=59.96+6.05625x,+1.2175xX,—2.93625x5+4.0875X; X, —

4.26%;X3— 1.8175X%3— 11.735%,°— 1.6425x,°— 5.505%5°
TRIE 45 WAL B SAS9.1 AT R T H L IR Uy FE A% T

REOFHATIT 200, AR MR 4 Fg 5.
F4 BERABRGENN

Table4 Variance analysis of regression model

JEFRIE W PR B 5 Fli pft
R 9 1293.636587 143.74 10.76 0.0025
W 7 93509225  13.358461
SR 16 1387.145812

RP=0.9326 RPaq=0.8459

XM EAT I 225081, SRR 4, B REE
PR L3 5. th3& 4 J7 20 Ml LA H: %Y p=0.0025,
FUZAING B2, P 5 a0 (2 TR B PR AH oG
P (RP=0.9326), 1 HH I FH i 3 T V230647 LS AR 2k
B ) 7R 2 BRI W TR DA R (B R
Mo 3R 5 BN R EW & A IS T, A — YK I
X, (p=0.0022) K Ik x,® (p=0.0003). x3° (p=0.0176)
Bk B 52 A0 B K. Ml s, S 2
AU 2% B I D30 s L BR AR M B 7, 1M
IRYEEINEY I A TN E N
2.2.2 & HEIST

il 1 NHRFEAKT, HEILE 2 ARESHHER
2k R DR AR P

1) S I SRR ()6 HUECR 2558 B LB R
R

Y =59.96+6.05625x;+1.2175%,+4.0875% X, —
11.735%,°—1.2175x%,°

B4 n g, [l 20°CIE, m N Y i Rl
h 57.7284%. “HEiE AN xg (ThE) J7 AR R, 2
WL A, T % (RHED D7 AR e, 76k
BT R Y 25 X W [ {110 5% W) 2 L ) 8%

2) R Y T R A WLAUR 25k R R
R

Y =59.96+6.05625x; —2.93625xX3— 4. 26X X3 —
11.735%;°—5.505x5°

KSR, [ E IR 45 min B, B RAR Y R OR
i 4 57.1669%. FEiREKKFR, 75 U Dl 2 0] i B AF (1)
AL AR TE N

3) R 7 A T R G WL AR 295k R R R
R

Y =59.96+1.2175x%,— 2.93625x;— 1.8175X X3 —
1.2175%,°—5.505%5>

Kl 6 T4, [HELEN 560 W I, WA Y 8k
i 58.9093%. EiEG /KT, 7 R S T i) AR (1)

SR EL LU ) S
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Fig.5 Effect of power and temperature on removal rate
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2.2.3 RAEIZLAHMA

FIH SAS B EATAL G 13 B L T 244N«
R 7 L PR HLEAR 25k B M L T %k 609.16 W, I
i) 70.46 min, WJEN 1545°C, 7EILAATT, @Ak
BT WL 2 5% B 10 25 SR BB (i nT TA B 64.32%, T

perature on removal rate

XA A AR EAT e, A HLSRCERR A LR
15 59.24%.
2.3 BERLEMNEREEZRRAIFME

P I Frsevh (1 17 AR50, RF S 3 R bt i (R Al
B BB RIEAT J5 ZE T 2 LR, 4R MK 6,
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6 BERLENERTERRIFIE
Table6 Effect of ultrasonic on main quality of apple

Efd S TR b

%

RS % %o % ﬁﬁﬁ E%ﬂ syl

(g-cm?)  (mg-L") %

ot J — — — 5231.7A  124065AB  0.1907AB
1 -1 -1 0 48824A  12.2982B 0.1865B
2 1 -1 0 46537A  124449AB  0.1950A
3 -1 1 0 5090.8A  124644A  0.1897AB
4 1 1 0 47039A  124126AB  0.1886B
5 -1 0 -1 46658A  12.3044B 0.1865B
6 1 0 -1 4991.5A  12.3424AB  0.1950A
7 -1 0 1 4671.2A  12.2981B 0.1865B
8 1 0 1 51555A  12.3044B  0.1897AB
9 0 -1 -1 4862.1A  12.3552AB  0.1950A
10 0 1 -1 48955A  124258AB  0.1897AB
1 0 -1 1 4931.6A  12.3045B 0.1865B
12 0 1 1 4681.6A  12.2984B 0.1876B
13 0 0 0 50947A  124069AB  0.1918AB
14 0 0 0 50054A  12.3998AB  0.1907AB
15 0 0 0 4920.8A  124062AB  0.1897AB
16 0 0 0 5021.9A 12.3871AB  0.1907AB
17 0 0 0 5231.7A  124065AB  0.1907AB

He GO, KEFEERR1% P B ZE s, AR - REoR
ZERARY, ARTFERORAESR, TRIEBA, Rz,

& 6 70T Al LLE Y, AEX) 17 4R 56 R J k47>
BT R P I Ak T i S TR R R A S R 2
R AL BT G R R SR B R, BB
S I [ ] R A LT B D T s T e, 7R
2 [i] 5 (1)1 0 Bt A P T PR S R s AT T, T B R
e A L (0 T R S T R e BRI s R 7 AL BT S
R B RATAEE DR, BRI S B F
B AR V0 Bt ST 1) P el 2 L E ) B ARG T T v, I T
Ii] 5 [0 15 200 I i A 0 23 1 P s AR ) AR s, T
T i JSE [ 7 ()R 450 T B A 2 () o RN ] £ gk 2> i
o BRUNECHE . BXGHEMAHERS . S E1ESE
JE 21 ZRN 55 (] 1 3 S 7 S A v 38 DASE B0 25 0y G A ST e
B R IR, AR B IEAREA, TH A
PR E AT G CEESE L) (GB/T 10651-2008) (SR (0 £ i 3¢
B) ONY/T 268-1995) Fl ( LA E R ER) (NY
5011-2001) 1 Friss K B BAL SR FRIZ 2, s A B S
SR T T 43 LU AT R S SR AR v << 0.49% 01 B
T, T AR A I A E AR SR BB . BRI S
AT T ARV e B kR, R A
R KHE o TR e A

3 & it

1) )P i 87 g8 T R L 25 e ) S M 7 i 2 o AR
AT LR 25 5% B 1R DGR R 7 AR TLAE o0 e B, 8
T A B A AR 22 BRF S (oK BN Ry s ThR > >
), GEE T4 AR 609.16 W, ][]
iy 70.46 min, %K 15.45°C, FEMAAT R, A bR

X R AT PR 255k B 1) L BB TTIE 64.320%. I X
PACH B A REAT IR IR SR, A LSRR i L Rk
59.24%.

2) 7 A BB AT R 2 KRS R AT LU 25 1R Bk
B, BOREEm TR A th, RN SERF SR, 2
PR LAT — e ARSI, AELBEAT T b 2 2 O [
SERARAE T ER

3) AP AL B fA] pRIE, AR T AT BERTEVE
P AT A LR O BERE, LT Ak N AT SRR
J

(& % x #]

(1 BRJ5, W%, o, & AR PR 255 B bR

TR IR B R B8] . fr i 5 R LFE, 2005, 31(9):
66—69.
Chen Fang, Zeng Linggin, Ge Yigiang, et a. Review on
methods to reduce the residue of pesticides in concentrated
apple juice[J). Food and Fermentation Industries, 2005, 31(9):
66—69. (in Chinese with English abstract)

(2 Wwik, avds, REDUR, A& SRR 25k B PR E BRas
HE ZARAER LR RS, 2001, (9): 9—10.
Yang Kegin, Yu Hong, Zhang Jingqging, et a. Compare
national standards with international standards of apple
pesticide residue limits[J]. China Fruit and Vegetable, 2001,
(9): 9—10. (in Chinese with English abstract)

[31 2 K, B, 9%, 45, AR MO R, R

B4, 2005, 22(4): 381—386.
Li Haifei, Zhao Zhengyang, Liang Jun, et a. Advances in
research on pesticide residues in appleqJ]. Journa of Fruit
Science, 2005, 22(4): 381—386. (in Chinese with English
abstract)

[4 xR, feHIR. WA IR st R[] 2Bk

Zifkl2%, 2008, 36(24): 10663— 10664.
Liu Jiangin, Hua Rimao. Research progress of pesticides
degradation by microorganismgJ]. Journal of Anhui
Agricultural Science, 2008, 36(24): 10663 — 10664. (in
Chinese with English abstract)

[51 4, Esite, #E, 5. ORTERAKBIObRE. &

DNFA B R AR ORI SR JE L] . b B AR~ 34, 2005, 21(12):
108—116.
Yang Liu, Wang Guixi, Fan Jinshuan, et a. Advances in
research on the standards, techniques of determination and
degradation of pesticide residuesin farm productg[J]. Chinese
Agricultural Science Bulletin, 2005, 21(12): 108—116. (in
Chinese with English abstract)

[6] Dietrich Knorr, Marco Zenker, Volker Heinz. Applications
and potential of ultrasonics in food processing[J]. Trends in
Food Science & Technology, 2004, 15(5): 261— 266.

(71 I, SO B BB K T S AE LIS

HERE[T. L TIR{E, 2006, 26(6): 475—479.
Cao Shihui, Dai Youzhi. Progresses in research of ultrasound
technology for degradation of chloro-organics in water[J].
Environmental Protection of Chemical Industry, 2006, 26(6):
475—479. (in Chinese with English abstract)

[8] Schramm J D, Hua I. Ultrasonic irradiation of dichlorvos:
decomposition mechanism[J]. Water Research, 2001, 35(3):
665—674.

(9] WiEF. BABEARER RGP NI K256
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FUHR, 2007, 11(2): 10—14. English abstract)

Yang Yuling. Application of ultrasonic wave technology to [15] BA, JBEE, i, 2. SRAma Ay ph o RS 40 s 13

pesticide residue research[J). Agrochemicals Research & HHGE PR ALY, RN TR AR, 2006, 22(2):

Application, 2007,11(2): 10—14. (in Chinese with English 159—163.

abstract) Chen Li, Tu Kang, Wang Hai, et a. Optimization of the
[10] NY/T 761.2-2004, A A\ REIEFIEAT AR HEGR AR R conditions for hot-air treatment of postharvest Red Fuji

FHVERIHL R d 2 e A 25 2 5% B AN T R[S apples using response surface method[J]. Transactions of the
[11] SR, ETR, BRfh, . BEEETH AL Chinese Society of Agricultura Engineering, 2006, 22(2):

HUPAL B LA AR FLT . AR TR0, 2008, 24(2): 159163, (in Chinese with English abstract)

264—269. [16] SB/T 10203-1994, e A\ AN B AT ML ARl A 18 5

Xu Huaide, Yan Ninghuan, Chen Wei, et al. Ultrasonic [Sl.
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Optimization of conditionsfor organochlorine pesticide residues removal
in apples using ultrasonic

Yue Tianli, Zhou Zhengkun, Yuan Yahong, Gao Zhenpeng, Zhang Xiaorong
(College of Food Science and Engineering, Northwest Agriclture and Forestry University, Yangling 712100, China)

Abstract: Chinais the largest country in apple-producing in the world, but its apple export just accounts for less than 10% of
world trade market. One of the main constraints is the pesticide residues in apples. The ultrasonic removal of organochlorine
pesticide residues in apples was studied, and the response surface method was applied to analyze the influence of ultrasonic
power, degradation time and degradation temperature on the removal rate. The influence of main quality indexes in apples
caused by ultrasonic wave was also studied. The results indicated that: (1) The optimum removal conditions of organochlorine
pesticide residues in apples were as follows: the ultrasonic power 609.16 W, the removal time 70.46 min, the removal
temperature 15.45°C, and under this condition, the removal rate of organochlorine pesticide residues in theory could reached to
64.32%,; (2) The rigidity of apples was not significant between the 17 groups of sonication samples and CK; whereas, the total
sugar, total acid had a significant impact, but did not exceed national standards and apple quality standards of major exporter.
Ultrasonic is an easy and quick handling technology, and can remove organochl orine pesticide residues effectively, enhance the
safety of apple greatly. It is easy and available to couple with the cleaning, grading and waxing of fresh apple at present, and its
industrialization has very broad prospects.

Key words: ultrasonics, pesticides, fruits, apple, response surface methodology (RSM), organochlorine pesticide residues



