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Abstract: Headspace solid-phase microextraction ( HS — SPME) was applied to the analysis of volatile
components in apple juice. There are differences among parameters for the extraction of esters, alcohols
and aldehydes. Therefore a model of fuzzy comprehensive evaluation was established and used to optimize
the parameters of microextraction. The result of fuzzy comprehensive evaluation was set as the response.
The extraction conditions were optimized by using a response surface experimental design to analyze the
effect of three factors: extraction temperature, extraction time and NaCl concentration. Optimal extraction
conditions for esters, alcohols and aldehydes were obtained when the extraction temperature was 51. 3°C ,
extraction time was 45.2 min and NaCl concentration was 0.252 g/ml.. For the proposed method, the
linearity was good in the considered concentration ranges ( R*=0.983). Recoveries ranged from 87. 6%
to 106. 3% and showed good accuracy. The relative standard deviation was less than 10. 09% .
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Tab.1 Levels and factors of experiment

. I ZETRES NaCl #¥ it
A¥ R %, /C [8] x,/min x3/g-mL !
1. 682 66. 8 56. 8 0. 300
1 60.0 50.0 0. 280
0 50.0 40.0 0. 250
-1 40.0 30.0 0. 220
-1.682 33.2 23.2 0.200
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Tab.2 Design and results of experiment
N Oip = X, X, X, [LES LA BRI TR AR Y, eSS BEWIPPHIE Y
1 1 1 1 387 681517 255292 828 183 658 013 0. 629
2 1 1 -1 400 169 647 344 031 712 104 486 890 0. 595
3 1 -1 1 226 584 631 467 534 554 90 033 762 0.430
4 1 -1 -1 348 343 905 114 663 181 61 127 506 0. 366
5 -1 1 1 347 719 498 113 798 345 156 529 681 0.478
6 -1 1 -1 161 646 351 329 831 823 220111915 0.437
7 -1 -1 1 315250 359 344 257 695 147 846 275 0.544
8 -1 -1 -1 213472 093 149 171 966 183 979 095 0. 366
9 -1.682 0 0 103 576 543 7677 482 132915 261 0.102
10 1. 682 0 0 275912 747 219919 208 46 674 378 0.314
11 0 -1.682 0 474 474 025 379 100 502 183 824 681 0.796
12 0 1. 682 0 498 825 880 343 726 881 198 432 223 0. 825
13 0 0 -1.682 352 090 344 218 181 469 133393 147 0. 508
14 0 0 1. 682 312752732 342767 743 183 546 594 0.582
15 0 0 0 561 890 940 381252777 223 986 544 0.950
16 0 0 0 527 548 581 432160933 197 989 063 0.903
17 0 0 0 524 426 548 363 380477 191 205 659 0. 857
18 0 0 0 556 895 688 343769 872 205 658 787 0. 904
19 0 0 0 539412 305 361413 691 212 885 351 0. 900
20 0 0 0 567 510 599 414 474 123 205 388 115 0.951
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G35 1~ 20 50 iy il TR 20 5 Bl e Y 2 SR
AR JE B sR B AT AL , FE45 A 4 T R AL
HAT R A BIBI LRGP IS R Y, 4
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2.3.1 (ARG
IR 1 G K Design-Expert 8143, 15
Pty € AT E Y
Y =0.91 +0. 04X, +0. 035X, +0. 032X, +
0.053X,X, —0. 015X, X, —0. 021X, X, —0. 25X} -
0.039X; -0. 13X; (5)
XTI U 28 R AT J7 2550 Fr FIASE AR 22 45 k2 A
B(E3 EK4), 458K, HTE «=0.05 BEFKF
L BB B E W LUS , i) BE R
Y =0.91 +0. 04X, +0. 035X, +0. 032X, +
0.053X,X, —0.25X> —0.039X% -0. 13X2  (6)
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Tab.3 Analysis of variance surface for

regression equation

BRI FM BB ¥y F1H PA{E
A 1. 170 9 0.1300  60.41 < 0.000 1
5% 2% 0.021 10 0.002 1

QKA 0.015 5 0.0030 2.42 0.1770
ik 0.006 5 0.001 3

SR 1. 191 19

#4 HRBREAFERHBEERE

Tab.4 Test of significance for regression coefficient

REON REAGTHME AW RERZE ofd P1A
R 0.910 1 0.019

X, 0. 040 1 0.013 3.22 0.009 1
X, 0. 035 1 0.013 2.81 0.018 3
X; 0.032 1 0.013 2.58 0.0275
X, X, 0.053 1 0.012  -20.65 0.0090
XX, -0.015 1 0.012  -3.21 0.3775
X, X, -0.021 1 0.012  -10.89  0.2312
X2 -0.250 1 0.016 3.23 < 0.0001
X3 -0.039 1 0.016  -0.92  0.0095
X3 -0.130 1 0.016 -1.27 < 0.0001

A Z BRI R, ZEREHEE (P <
0.0001), K43 P=0.1770 > 0.05, Np&E, #
R RS IE PEE 2B R, = 0. 965 7, 138 B 7245 70 s it
FE2996. 57% WM AE R ZE{L, R? =0.981 9, %%
FA 5 00HUA R AT
[ R R B B A 56 (3 4) T, R
T X A BUS A B (P < 0.01)  AEEU
(B 1 NaCl 78 22 % 26 BOSOR ¥ 835 (P <
0.05), F oA RS B 32 AR (X, X,) |
ZE IO BE 09 Z R (XT) (AR IE] 9 — R (XG ) F
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WIPERIE AT 1k 0. 924, 2 3 AR I U0 AIE , 01 1 )
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AU B AT SEPE FER 7
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A 6] &b T B A 45. 2 min B, W % £ B0 B Y 7
155, NaCl R I A 1S 0, e ZE IO BE 48. 2 ~54.5°C,
NaCl % /il & 0.239 ~ 0.265 g/mL i}, %6 U 45
I, B3 SR AE AR OR AL T AR 51, 3°C i Bl
5 ARHUF IR HE | NaCl 8 Ji1 22 (14 38 0, 78 A B[]
37.5 ~50.0 min, NaCl Z8Jil1 & 0. 239 ~ 0. 265 g/mL
B, BB ARAHR A ZE AR
2.4 EWAFEEWERIE

P2 2.3.2 TAF RN B AR SR AR X SR TR S AT
5 YCOPATINE , %5 H A U A TR A AR XA v D
24 3.56% ~10.09% ., FRWZ NG EEE RAT

TEICE R i LR SR M S I, AR S R
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IR S Fe e AR 2 R 2, AR R v 45

50
45+
g
£
= L
= O o 0.743
& 0.900 :
%
351 /
0.683 0.863 /0'/683
30 1 I |
40 45 50 55 60
ZERURE /T

P 1 A I RE 5 A HRE ) o A ECSSA SRS Y (52 A 14 W O ] 145 7oy £

Fig. 1

Response surface and contour plots for fuzzy comprehensive evaluation values vs extraction temperature and extraction time
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Fig.2 Response surface and contour plots for fuzzy comprehensive evaluation values

vs extraction temperature and NaCl concentration
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Fig.3 Response surface and contour plots for fuzzy comprehensive evaluation values vs extraction time and NaCl concentration
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A3 B TR B 5 PR T VR B R L O R AR A A AR
Wl Q3R 5 B, 76 I 2% 58 (%) vk B2 3 [, et G
Z R R =0.983,

bR E ) BIR A WO A B R e 4 T
MASHANFR AN R Ky 87. 6% ~106.3% (£ 5) . %4
A R g R AL T 2T LR i TS SR R A
ST A HTREI

RS IAEHKMEER. B ER

Tab.5 Concentration range and recovery for standard compounds

&Y AR B/ pg 1! R? mYEpiy iR/ %
LR T TR 25.0 ~2 489 0.983 y=3.177 46x - 8. 657 86 x 10 3 90.2
SR L TR 20.2 ~2019 0.993 y=0.597 64x —4.136 53 x 10 ~2 94.3
LR C T 20. 1 ~2 004 0.985 y =0.856 78x + 1. 53587 x 10 3 92.8
CAR LR 13.2~1314 0.99%4 y =6.68643x +3.046 42 x 10 ~* 94.1
2-HIE TR T MR 10.2 ~1017 0. 994 y =0.398 76x +2. 76549 x 10 ~3 87.6
T 55.2 ~5517 0. 986 y=3.76289x - 9. 85476 x 10 3 93.8
B 71.0 ~7 082 0.987 y =8.756 86x — 1. 754 70 x 10 -2 106. 3
C 80. 4 ~8 016 0.992 y=21.653 3x —4.30232 x 10 2 102.6

2.5 RiAESHRSNE

PRI S 20 R I R Y 41 P A
ST SRR o JE RS R R R R
Je IS RIS, KA RS Dixon
RIEAFTA, B R ALY HS — SPME £ B4
FERFEPCERIT P ESDT, Rt SRR &

TR N R TR LR T g 2-H 5 /R T s
RO ES T 2-FL-1- T Ol O 2-2-0
WREERN 8, 5 3CHk[ 1,15 | s 45 5 —3%

3 i

ST EEUT SR 100 um PDMS 2 Bk 2 B 4T
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BRI, FEBURE 50°C A BURTE] 20 min
NaCl i dE 0. 312 g/mL, FE%E 14 Fh F SOl
Oy HohEESE 7 Fh BE2S 4 Fb BEZE 1 RPL, AREGIE
Y 41 ARG , FEHBRZE 19 A B2 10 Fil
B2 4 Bl 0 50 o7 e T ALY 41.31% .28.37%
15.56% . ZERFHAEMSHMACS , LB 2]
TR ENR R, RALEME AL 5 AL AH
], A BRI AR 22 1. 3°C , IR A8 USSR il 22 S T
AE S22 AL BT 8] 1 NaCl #4058 AR IR, il 25 2% B
Bf (] AT NaCl 750 A 34, SPME $2 BRI 1 2 42
f, (E 2 A HCR ] A1 NaCl R i i — e e e,
PRI A I BT RIS A . T 43 W
F L Y AL A A 20 min, A3k B P-4 | 4 B
RORARRT 22, A B T AR ARGk 1 R B A 40 o
i AE 24 AL B ] #E 3 45. 2 min, BT LR W
i R - [ 8L B o o R P B W B PR 2T 43k 1 )
FER W AT B R, [ by T I ] B 28 K
H K 328 BT A 2T A S RS K, DT R R
I T 27 4 S 0 M 5 A 0 T TR B 5 VRS R v
T NaCl 5558289 i, w] DL Jn s v i 25 7 it
JE | BEARIE AR X R P I i s 2 3 = P AT 1)
()35 76 B, AR TR S F AR T 42 R Wi o )
4k b, BRI, 24 NaCl Bt v B 1 0. 252 ¢/mL,
TS LA 25 B RN 6 B B =2 T, X4 T i B
R TR  , 5 E AE BUSCR B AR, Kato 454 1
A EURFE 40°C ZEBURE] 30 min AT NaCl 1,
100 pum PDMS ZE BRI S SR i A SO a7, 508
17 PR RS 7 A BEE 2 B K 3
Fr, ARIGHE B HE &Y AN 2R 5 22 A He A
FHE N 33X AT GRS A2 A€ WO BE | A U ] AT NaCl
A 3 ANH R ILR W, — e R R T
RS (AN RE A ARG W B A 0 o388 o, ] e T %
JNT NaCl, A ALY 0% 6 B = . o — 7 T vl g
S T A HUR A8 | AR HUASmm) J0 T8T 43 B 22
1A B BE AR U BE T, A A i i R O
T, 4 HIGH B B 2 R ) R RS TR g
T R, FHEA R T 58 2R BOGHRE . AR IO

it 51.3°C, FHE 20 73 A ) 78 2 A 4 U )= /KA
Z BN 53 BE R B0 )N, (A5 70 B 40 6 2 BT 2 [ AR v
JZ M B RN, AATTREAER T AR
RRGEER T LR TR LRATR. TN
Fis  THRCLEE O R T Fig 2-H 3L TR 2 Mg 2-F 3 T
iz THE OO OB R -2- O I 45 SR v v R AE
T MY, X 5 R ARLT R Kato 251V (4R 3B AH ] .
IEAMAT I 7 T oA — X SR B/ AAIR K
SRR AR IE RN 5 SRR IR IR . TR T
s 2-F L TR R 2-F B TR g . L R-2-H 3%
BRI IR-2- 3 TR, Horh SRR IR N 2 C e
A 2-HEL TR Ol 2 30 S SR, Al 2R 3
A1 2-FIE TR O BR 8 43 50 37 SR T 2 0L A 45
FNF2-WETRNERM O IR-2-H N B B A
A N PRAE R TR T IR AN £ R-2-H 3 TR 40 5l
EIHFEM TR X 5 FHY) K
XHRAM SR H A EEME XL,

4 g

(1) M T SRR B R BRI PEHI A
R, 5T HS — SPME A5 HUS $O00T S S 43 g
Js SRR SR BOUR A B2, % 2E S Bk 1 745
G Al TRAN T A% S0 1Y B — 2 € 5 0 T AR ) i
Ve, fVE RIS R InRl2E AL

(2) LA HS — SPME #EHUREE A€ B E] A1 NaCl
I 3 A SR AR g0 2 a2 N 2 IR BURCR
(R LR B 1T 45 5y AR it Y, SR FH o 1 il T8 2%
(RSM) IR B0, #E 7 T HRBUSR 5 3 IR I —
R Z I BE AR AL,

(3) g 7 T kA 22 SR 2 IS SR T AR U B T
LBBONFERURE 51. 3°C  AEHURTE] 45. 2 min \NaCl
RIS 0.252 ¢/mL, PRI ZE 52 0 3 RIUT Ry 25 BUR
JE U E] NaCl 3t

(4) BN IITIETE T B AR S R N B R
U2 PE (R =0.983) , Jindr MR 87.6% ~
106. 3% , FHXIHRAEN 22 78 10.09% LAY . i % 7
BT AR 3 3 i & S T v o A

& % x #t
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