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Optimization adsorption removal of patulin from apple
juice using immobilized inactive yeast
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Abstract: [Objective] This study aimed to obtain optimal conditions for adsorption removal of patulin
from apple juice using immobilized inactive yeast. [Method) Using immobilized inactive yeast as adsorbent,
the effects of initial concentration of patulin,adsorbent dosage,adsorption time and pH of apple juice on the
adsorption removal of patulin from apple juice were studied,and the adsorption removal process was opti-
mized by Box-Behnken experiment and response surface method. [Result] The influences of various factors
on the adsorption removal of patulin from apple juice were ranked as:pH of apple juice>adsorption time >
adsorbent dosage™initial concentration of patulin. The optimum conditions evaluated by Box-Behnken ex-
perimental design and response surface methodology analysis showed that:the initial concentration of patu-
lin was 90.52 pg/L,pH of apple juice was 4. 46,adsorbent dosage of immobilized inactive yeast was 15. 13
g/L and adsorption time was 18. 16 h. Under the optimal conditions, adsorption removal rate of patulin

from apple juice was 71. 36 %. [Conclusion] The immobilized inactive yeast could be used for adsorption re-
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moval of patulin from apple juice.
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JE T R (Patulin) J& 75 %5 J& 3 8 A9 1 )R
224K B @ 5 80 BB 1 AR AR e B K
W O B ARME Y R R R A R
B 5 B4 R B AR SE SR T A A T b R AR
R . HAl. B H BRSOk EEa Y
B 5 Ak R A B LA R A R Ak R A
Qb P A 7R R A A R R R 6T P A R
T B 2% ELAT — 2 0 W BR 2 B A S 0 e R T £
RN R 45 A RUOR W S BCh fEfE SR, A
WFSTIE R {8 ] 3~5 g/ L iGPE ) & A B 5 5 2 10
SERI AL 5 min, B ) A5 5% B AR R 5 B K 5
KA s Huebner 287 I J& 1 38 F & 4 Bk [ 7 PR
BiF % 0 S SR bR 95 & R 95 i 0F 9% Kadakal
SELUBIE I B L R R M R T AR S SR b R
JE R 30 pg/mL R HHE T L LM, (A2 LR
FEA 57 s I FH I i WA R i 2 1 (] e 2 B
SO SR A B 0 . AR AR R O b A AL
P Jr PR R SR A B UMD b O K
IR0 S VS IR0 O i R IE A R AR T E G A 77
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5 TR B K BB ) 2% S0 3 5 WA S R BT
E 24 OB B2 A 3 41 5 R B AR S Al
JE=99 %, WK F 1t DL 3L R A IR A .

FEIRFA NG (Epgai, 4 99. 5% L ) .
W (e a, s BE 99. 5% DA F) . Z B (et
4l B 98%0) L BECHr BT Al Al 99. 700k 1) |
e FR 4 (o3 BT 2D U BERR B L oK S AR5 %
.2 FEMNR5EE

SHB- [l ZAE 7Kk X 2 FH 28 2 FR N K R T
A MR A s HSQ-3 7Y 18 IR /K 7 By » 1 ifg 4/ 75 52 56
WA R R UV-2550 A1 XUOE 348 0 1] L% 43
FEHE T LC-2010A Y =5 %0 AH 5 4 s B AR B E
Al
1.3 REBEIERMNGE

PRI 5. 0 mg e H 8 R hn i . 11 SR L TR 7t 43
B EA R 20,00 mL, BGECLFH R E BRI AW
2SR 7 W e SRR R S
1.4 BEEMNIESR
L4l BFHaEL BURFEWE T YPD 4k
AR AL DT RIZ B AR SR O 28 C L R R
]k 24 h,
14,2 —23254 K& 24 h G BBk i 2 Rh
) 80 mL ¥R HEFRFLH,28 C (120 r/min FHF
3% 24 h,
1.4.3 ZZ3E&K B —YIGFFMENF 7R
(i 520) %) 100 mL SERFHFR I, F 28 C,
120 r/min & T8 KRIEF 24 h,
1.5 BEEAREFEZNG &
1.5.1 R F®BEA6 R & XY AT A0 B
FEWE O TR B BERE R . SRS TE 80 CAMET
Xof W BE B K G AL FR 45 min, 15 2 4 15 00 BB A
1.5.2 ®HEmppFreye T b mE R xR
TP A R R SN FE DR IE 58 4 SR 2R T TR 400 A SR
rhR AR L 3 G 58 2 Y £k B KT A 3L S TR B 2
MG P . EARHRAE AL AN R L AR 2R B A g
197 5 3 40 0. 1 20 Y 98 25 e I IO/ 14 T B )
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W5 B fih L SRS R R S B i R RS AR 23,371 30, 0 g/ L. 5 IR A F R IR I R L IR B R
T B SRR 2 3 min JEBEAL . A M FARATEE AT R 120 v/min, WP ) A 24 b, BEAY A2 4k OG0 B
E AT G ER BE LE P AT 2 2 O il 0 e e BRI RS B R LRI, (2) W B R A Y
0.5 h JG FRRLEE , AN L4 M G (0 R R S 3G 4, an . 390K 0.5 g [ Ak 2 T R i AR TR
R AR R O BeRE ", PR TT B A (30 mL), FE R & TR (120
1.5.3 X &E®Fe B e RAWGERMAIEE  o/min) W B, 50 50 78 W B 4R 09 6,12, 18,24 h B
PEAT AR TG BRI S AR . HRERAE IR T B R T W R S ) o R T A SBRR R, (3) '
I 1.66 g JoK CaCly, JTA 300 mL ZE IR /KM HEEVIGE TR E M Z 0, 20 30 mL i i
#53K153 0. 05 mol/L CaCl, ¥ . [FF.ff 3 gigde W/ BN 50,100,300,500 pg/L (4 A3,
FRE A 100 mL ZE 1K v, ML R 4P 208 I3 IF A0, 5 g 818 Ak 2 0 e B % T 2% 1 T 4k 5 (120
PEPE B Hog e vn A B AL I AU R IR BN IA S o/ min) WO W BRFESEE] A 24 b BEAN R TE R R WA R
HEZEHE, A 30 g BERER, s IR &Y EWREXMNERT PR EEREZBEERNE W, (DF
A8 B R AN R R B A 22-G1 F pH BOSe M, L pH 28 sh U Y T pH
RUSERSL e derh . DUEE WSl B85 e 4T 8% 4308 3.0,4.0.5. 0, 0 A 0.5 g [A & fb 2K 16 B
rh ) P R N B R 4P 1 CaCly WP B RS TR TR (120 r/min) W B, W BRI 8] R 24
BR.EE L h i E2E ek, TEEETKEER hFMERT pH X EEFERLBRENZmW.,

li 5 Ak I % % T BE 40 B, O FE 8T A 0. 05 mol/L e VR W B 58 8 K [ A 2 0 T R AORE 55 S
CaCl, ¥ .4 CTF VA& M. AXE RS MEER 8. RH HPLC 3Ll & Rt i R & R & i,
WORLE AR 1.5~2 mm, 448 5 000 r/min B0l BAGHEIE 3 RER . [FIE, DR R IE € 16k
Bt GF B 2 W R ORI LA B v R R BERERSESR T A pI IR

Yy PR RE L 0T A I R 1.6.2 Box-Behnken iX#3%#t i@t B ZiL 5,
1.6 REZITE5EHELE B R 25 B e T B R 10 e A 11 5 AR 2R O RS SR i IR

L6.1 R ZXI#E  (DEERRTEIE LR R B R 2 2200 1A o ik B RSP 2Rt pH {H . 4>
(RS . RS B BRI 2 Ak R W EERE 0,0, 3,0. 5, LX) X X X EOR IR 1.0 —1 AR E A
0.7,0.9 g.2r B AR 30 mL kR RIHFES Bl AR E PR 3 AR A g S K. SRR HEAT
B 5 1k 2k 3 BERE O R0 B 2> B0 R 3. 3.10. 0,16, 7. Box-Behnken i85 3 H P R MK F W 1,
k1 BEEAXREFBRESERERTPREIZEZILZM Box-Behnken MK E R R KFE
Table 1 Levels of experimental factors of Box-Behnken experiment for removal of patulin from

apple juice using immobilized inactive yeast

[l & Factor

K- X, X, X; X,
Level REHERVATRERE/ (pg» LY R pHE [ 72 A T ERE R A/ (g« L7 D) W% B B ) / b
Initial concentration pH of apple juice Adsorbent dosage Adsorption time
—1 50.0 3.0 10. 0 12
0 100. 0 4.0 16.7 18
1 150. 0 5.0 23.3 24

1.6.3 xr&iitd KHhBEEMPREEZLE 2,11 BRAXEHFANET BE AT, Y EE
R AR R :q=(C,—CH/Co X100% ., Xr.g R IE BEREF KKy 3. 3,10, 0,16, 7,23. 3 Fll
HEER TGRS R EHEEN LR %G 30,0 g/Lf, Rt REERM R EREIN R T
W B R RE S P R T R R MR R E . e/ LG W B [ R R I TR BRSO SR b R R A R K
MR R SR ERE . ng/L. WH 43.2%,64.8%.68.8%,68.8%,68.8%., H

. IE L 57 4 3. 3~30. 0 g/ L Y [ Ak 2k 1 1 Bk
2 BRI X SR e i e T R R A WA L R Ak R R e
2.1 ERAHPRBEZEZRENEMESR TR B 7 A RN L AH 2 [ bR R R R 16,7

AN FEREAER T P RE R LR mIL /LW, X R b R 5 R 00 R Ik B K, 4k sk
1~ 4, MmEHEASEREERNLREHE LT,
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FHT S A 1 S A 3 TR 1 Je A R ok 16,7 g/ L,
2.1.2 B EAKREHEAMEE W& 2 a0
T B RGBT WK 96. 97 pg/L 3R IHFE
it o FH RS2 A0 T R WG BF 6 b, R 7 R R T
JE R 78. 64 pg/L. 2B %N 18, 9% s Hf 12 h
Ja REHERM AW E TR 39. 08 pg/L. 2B
N 59,7 Y0 s U B E] SRy 18 ho B, R T R R
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Fig. 1 Effects of yeast dose on removal rate of patulin
from apple juice by immobilized inactive yeast
2.1.3 ¥RAFTRIFEIMEMERE W3
Pz 35 88 30 mL FE A RO 0.5 g [ Ak 2% 1
RE XS R 8 5= W0 A6 R O 50 pg/ LAY SEIR I
IBRAE G AT 24 h WAL B J 9 R R LR R IR

80
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Romoval rate of patulin

) ~

(=] (=)

T T

O 1 1 1 J
50 100 300 500

REBERVBRERE/ (ng- L)
Concentration of patulin
K3 IR R R R W) AR B v X [ E A
T TR 2 B R T B 5
Fig. 3 Effect of initial concentration on removal rate of

patulin from apple juice by immobilized inactive yeast
A Y J T B R )G Bk O 50~ 500
pg/ LI [ Ak 2% 06 T B X X A LR AR L B2
F PR AR B 7 e T 25 2R W0 0 T S vk B 0 AN [ i A2 Ak
WK . BEE INBRAE R T 7 3R ) 46 o vk B i T
1o o [ 2 b 2R T T B X R R R AR KRR R R B

WHE R 25,80 pg/L, EBRF N 73.39% 5 24 Fff
I F] S 4G 28 24 h i J T R R B9 R MK O 24, 08
pg/ L RBBRFN 75,17 %, B, JB 7 B 2 Y R 25
s B A 3k B S Al Ak 252 S K I B R I xR A R X
BRAm AR, LR % 8 058 [ 5E 1l O 3% I
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Fig.2 Effects of adsorption time on removal rate of patulin

from apple juice by immobilized inactive yeast
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Fig.4 Effects of pH on removal rate of patulin from

apple juice by immobilized inactive yeast
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(14 W BRE A7 A0 AR i 5 4 5 4 o BV 40k 2 388 K A SR
T R T A E 0 T VR R [ R 4 X Y
W R SRR, B, A5 B E 1
Jre R MR ARV R B Wk 2 R 100 pg/ L AR I 4%
T R &R LR LA F75. 16 %,

2.1.4 ¥RTpHME HMEAWH.AERTERY
GG TR 96. 97 pg/L W INAREE &b, Y32
pH {EN 3.0,4.0 F1 5.0 W, ZERFA 00 46.1%,
73,7 80. 8% ., UL, T B E M LR KR A
pH 3 K0T 38 I, 46 SCEk R R R AR

PESRAT T R IE AN 5 3 i o T LSRR T AR B (Y 1R
JE X T 58 A R TE bR R R E R A B CHEEN
SO [ A I TR BE AT LU T A [ B S R R
i PR T A R MR 25 BR L RS SRE pH (N 5. 0
I BAT B A ROR

2.2 ERAHRBBRERIZHEHHMML
2.2.1 Box-Behnken iX# 7F 5 Z L5 S Ak -,
HE4T 4 I ZE 3 K F 19 Box-Behnken i 5 % 31 . % 3
Rt RERGR LR T Z# 0 85 % 2,

X2 BEEAEAEBEERERTHREERZRIZM BoxBehnken iR

Table 2 Experimental design and results for the removal of patulin from apple juice by immobilized inactive yeast

K & 7K F Factor level RELE
WIS X, X, X, X, EEFEN) /%
NO- R R T I SERTE pH i i 5l 2 0 1 5 B W i Removal rate
Initial concentration pH value Adsorbent dosage Adsorption time of patulin
1 1 1 0 0 28. 37
2 0 —1 0 1 40. 79
3 0 —1 0 —1 29. 82
4 —1 1 0 0 70. 00
5 0 1 0 —1 42,37
6 1 0 1 0 67.60
7 1 0 —1 0 61.00
8 0 0 —1 1 45. 06
9 —1 —1 0 0 4.25
10 —1 0 —1 0 49.01
11 0 1 —1 0 72.10
12 0 0 1 1 70.98
13 0 0 —1 —1 52.00
14 —1 0 0 1 37.95
15 0 1 0 1 43.25
16 0 0 0 0 71.99
17 0 —1 1 0 71.50
18 0 0 0 71.96
19 0 0 0 0 71.98
20 1 0 0 1 49. 10
21 1 0 0 —1 32.77
22 —1 0 0 —1 33.00
23 0 1 1 0 71. 80
24 —1 0 1 0 52.50
25 —1 —1 0 50. 21
26 0 1 —1 42.09
27 1 —1 0 0 49. 00

FIH Desingn-Expert 7. 0 # 4% 3 2 46 5 s
AT Z 0 A HLE 15 20 /Y Uk £ 50 (0] ) A Y AR
H

Y=71.977+3. 428X, +6. 86X, +3. 924X, +
4.59X,—17.775X7—21.595X, X, +
0.778X,X;+2.845X, X, —12. 911 X5 —
5.398X,X;—2.523X,X,+3.638X%+
8.958X,X,—19.696X7,

XY HEER BRI T REER L
R B, X, X, X X 2 0N B R
U BT vk B R pH R [ 8 Al 2 I T RE R & R0
W B B ) 0 4 A . 32 AT T Y O 25 4 B 45 AR DL
3. MR 3ALIA N, FIHEBIAE A P<<0.000 1, H
R T A 5 32 96 22 18] A 3 4 19 4 DG 1 (R =
0.946 7). 15 WY >R T ey 17 ity T8 vk 14 A [ Ak 2% 3
BEZ BRI b e 25 R 00 A [l A B AL A 2K
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1) o XF [ H 5 B R AR W R TR e, 5 R R
R — R I, X, (P=0.001 9),X;(P=0.042 6)
X, (P=0.021 DA 3 800 02 09 52 s — I
Hr, X7 (P<C0. 000 1), X3 (P=0.000 3)fl Xi(P<
0.000 DA M B ZFFm; LB, X, X, (P<

0.000 AW BEFmM, X, X, (P=0.0113)f &
SO, 5 D ER N R B R IR W R D B R
Ry T B R )R R TR R <[ R bR I IR R R <<
W Bt Bsf ] << 3t pH .

R ERAMREBREZREZSEXMEZTLARENATZSNER

Table 3 Variance of quadratic model for the adsorption removal of patulin from apple juice and its factors

P ERitY:s

Source of F A Degree of ¥r F i P fii 45.%#
variation Sum of squares freedom Mean square F value P value Significance
5  Model 7 663.429 14 547. 388 15.233 <20.000 1 * %
X1 140. 973 1 140. 973 3.923 0.071 0
X, 564.715 1 564.715 15.716 0.001 9 * %
X3 184. 789 1 184. 789 5.143 0.042 6 *
X4 252. 817 1 252. 817 7.036 0.0211 *
X1 X, 1 865.376 1 1 865.376 51.912 <20.000 1 * %
X1 X5 2.418 1 2.418 0.067 0.799 7
X1 X, 32.376 1 32.376 0. 901 0.361 2
X5 X 116. 532 1 116.532 3.243 0.096 9
X2 X, 25.452 1 25.452 0.708 0.416 5
X5 X, 320.947 1 320. 947 8.932 0.011 3 *
XT 1 684.991 1 1 684.991 46. 892 <20.000 1 * %
Xi 889.011 1 889.011 24,741 0. 000 3 * %
Xi 70.584 1 70.584 1. 964 0. 1864
X 2 068. 938 1 2 068. 938 57.577 <0.000 1 * %
5% 7 Residual 164. 43 12 13.70 <20.000 1
RPIA Lack of fit 431.199 6 10 43.119 184 799.6 0. 086
& Cor Total 8 094. 629 0 26

Heox FREREE(P<0.05), * x F/REFWEE(P<0.0D),
Note: * means significant difference (P<C0.05), * * means highly significant difference (P<C0.01).

2.2.2 BREZREZVGAMNEFTEET LR A
g 2 AP ERAKT 735 HEH R 2 AR R
HBREERBN W, 158 RE R RV G0k
(X)) FSESR A pH E (X)) W BRI ] (X)) A 22 Ak
J G W RE A B (X)X e 25 3R 2 BR3 (Y) 1Y 52 e i
TR

Y=71.977+3.428X,+6.86X,—17. 775X} —
21.595X, X, —12.911X%,

Y="71.977+3. 924X, +4. 59X, + 3. 638X? +
8. 958X, X, —19. 696X,

P 5 FHIEL 6 437 Ay [ 2 A 2 1 T B R BT 25 B3 51
R EESERZ SR, R E &RV R
S0 pH (E L W B R R 1 E A R I R R
Z B A2 H AR I e 2 R 2 B 32 52 o 1 o 1 T it
2. M5 AT, Y E b R 0 R R 5 16, 7
g/ L W BfF Bt (] Sk 18 h B 4 il £R W X, (R R T
pH {ED J7 A8 AR, 2 L8 XA b i X,

R 5 Z WA T e ) O ) AR L5518, R B fE A
I AT SRR pH B X 25 B 38 00 5 ) 45 e
HENG TR R, fE 6 Al Y34yt pH
{ELFN 2 75 B R W0 46 IR 28 vk 4 B R 4. 0 F1 100. 0
pe/LiF 2w iR U X, O BRFRSE 1] D 1 A8 AR A e
LI AR T EE X (2 A2k T B R
J7 1) A8 ARG, SR A0 KT R B B ) X6 2 B
) 5 e A ] S A O T T R ) W A

2.2.3 RHEEEWNRMEEIHRIE FIH SASI. 1
A B A 2 [ bR 16 B AR R BRI T T R
RWRAAETZEM 0 JBE &RV Rk E
90.52 pg/L, 3R pH=4. 46, [ & fb 5 1 BE 1k 5
415,13 g/ L, BT[] 18. 16 h, 78 b 25 44 T . [#l &
RGBSR RERTRRENERERN
72.89% o Xt LR AR A AR E AT IR 00 50 E L T R
BRMERER 71.36%.
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REBRERE/%

Removal ration of patulin

K5 REHERVMGIEWRE R pH XA EEM
Xof ] 5 A 5 1 I RE 25 R R P R F R R
Fig.5 Effects of initial concentration and pH on adsorption
removal of patulin from apple juice by

immobilized inactive yeast

3 45 B

1) DABRLPR 3 56 oA S ik 1) R i) 7 iy T 9 6 5
M 1 7 b 37 I 2 o S SR v v R 7 2 0 DG A
T R AR AT 0 SRR & R R X R
B2 LRS00 B /N KT e 7 85 2 0006 i
v B <[ b 2R I T B R <R B B ] <SR
pHE . DLALSRAS 1 [ fb 2% 0 W 8 26 B SF 2R 0t b
JeF/RMEAE T AN RE RS RZV ARk
J¥ 90,52 pg/ L3R pH=4. 46, [ & 1k 5% i B2 £F
FlE 15,13 g/L, W Fff sk /] 18,16 h, 7EH T,
JeH BRI EBREN 71.36%,

2) G165 R E G R LR EA L, R I 2 1k
KGR LBRSE R b R B RN Z R &
RCPRAE L AR AT B 4R A FLAROR R & TSR T I &
S PR % i HLA AR R 0 SE A A =l AR
JHHT SR )R
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