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Abstract: The effects of freeze drying(FD) ,explosion puffing drying( EPD) , infrared drying(ID) and hot air drying( AD) on

the aroma quality of turnip chips were investigated. The aroma compounds identified by head space—solid phase micro extraction

—gas chromatography—mass spectrometry ( HS— SPME—GC—-MS) in four dried turnip chips were analyzed by the method of

principle component analysis.The aroma quality assessment model was established to calculate the comprehensive scores of the

flavor quality of the turnip chips dried by four different ways.The results showed that FD products had the highest score and the

best aroma quality among these chips,followed by AD and EPD dried chips,while ID products showed the worst aroma quality.

Volatile compounds had different contents in 4 samples, which resulted the different aroma qualities.Moreover , the aroma quality

of turnip chips related to many factors such as drying method, drying temperature and drying duration.So that, the principal

component analysis( PCA ) was utilized to evaluate the aroma quality of turnip chips.The conclusion obtained not only could

provide a theoretical basis for further turnip chips study but also be used as a reference of turnip chips processing.
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Fig.1 Total ion chromatograms of aroma compounds
in FD(A) ,EPD(B),ID(C)and AD(D)dried chips
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Table 1 GC—MS analysis results of aroma compounds in turnip chips dried by different methods

. B - oy A S S (% )
BXF5 ﬁiii:)n e hEs fe¥ ;Hﬁj%g FD EPD ID  AD
MRk 1 17.10 S-CpmR C¢H; 0, 112 - 881 - -
[EEES 12.37 3 TR R R R CsH,NS 113 621 735 - -

17.09 A BRI TG C,H,NS 145 924 - - -
g T e
4 23.10 N- “‘2}%;‘; i‘g?”%) B C,H,N,0, 352 079 - - -
5 23.10 RO B C,H,,0, 166 - 120 - -
6 24.46 SR P CgH,sNS 157010 - - -
7 25.44 |- 23— R R e B i C, H,0, 170 013 - - -
8 27.94 2 (ii g_ gﬁ;;gg)%ﬁgg C,,H,,0, 216 - - 197 382
9 30.16 AR — FI R — W g CyH,,0, 178 - 009 - -
10 33.65 2= qﬂ%_iﬁgz__lg’_%; gééz‘%) C, H,,0, 286 031 022 076 133
11 34.55 26— 53— FP LR R R B4 G CisHyxF,0, 292 252 073 - -
12 35.43 ZE L A I TR C,o H;, 05 350 - - - 008
ik 13 23.12 A e C¢H,,0,8 170 - - - 1092
14 23.76 2- A ZHE LN C,H, ClO,S 2185 181 - - -
IS 15 422 WHIE NG CsH,N 88 - 1997 - -
16 7.28 5-C 15 CeHoN 95 - 3494 3210 16.78
17 2243 5—H R - T CoH, NS 129 - 304 482 -
18 23.82 E Al C,H,N 131 - 1500 30.69 35.57
sk 19 5.14 IEC C¢H,,0 100 2685 - - -
20 17.22 -2 ,6-T —Hms C,H,,0 138 - - - 23.88
21 22.45 R i3 C,H,,0 184 058 - - -
IEES 22 16.54 1-FEH-5-H E-1- O i C;H, 0 190 - - - 288
23 17.17 3,4,4,- =HH-5(4H) - 5 0 C,H,NO, 127 - - 2006 -
24 30.36 2,6- T -1 ,4- 0 C,,H,,0, 220 - - - 051
R-(R#* ,Rx*)]-a,4- —HI-a-(4-
25 33.90 [ i %_3_ % %)g]) o Eﬁ(@ CsH, 0 222 - - - 048
[1aR-(laa,4a8,8AS ) ]-1,1A,5,6,7,
26 34.34 8- NA i I-4a,8,8- ZHIL-HNH C,H,0 204 - - - 012
[d]ZE-2- (& —4aH) -}
27 3454 T-(BHR)-1,4- "HZ48[45]%-8-F  CyH,,0, 186 - - 175 214
28 38.41 2 ’_6; j(f i %}%[g‘f ;?7}) C;;Hy0, 262 018 002 004 -
— =i
29 38.67 7 ’9;&:_?;_%;%: fiﬁi %%’5] C,,H,,0, 276 - - 002 0.10
30 41.00 9,9- "4 H[3.3.1 ) T-hi-2,4- ¢, H,0, 196 026 - - -
FiE 31 13.69 5—HHL-5- O\ -2 B C,H,,0 114 - - 404 -
32 14.04 3- -4 Pifiz CyH, 0 130 - 193 - -
33 18.17 2- Ths—1-i C,H,,0 142 064 - - _
34 32.40 6— 1 = B C,;H, 0 200 004 - - -
35 33.90 N CysH,,0 220 - - 015 -
36 35.13 1- PEERL- —¥R[6,6,0] 584 C, H,,0 168 021 - - -
37 38.41 3-FHE-T 8- A BB 2 C,3Hy 0, 208 - - - 005
38 3874 4,6- " FNH-1,1,3,3-PUHH-5-gifEz  C,H,0 274 0.8 003 003 -
ek 39 11.50 1R - N1 - [ CxHy;N;0,8 465 - 323 - -

(2-MEBERERAC) MW 5 ] Z %
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. A5 B i) e Xty RES R AR SR (%)
= AN 9 AL,
BEFS T i) Lok F L P EPD D AD
40 23.12 a— F Rl C,H,NO,S 171 - - 323 -
ik 41 19.14 3- TR Z BRI CeH,,S 114 178 095 - -
2,4, - TRT HE-4- -1
. an ’ C,H,,0 . - - -
12 35.53 3 IR 6] 1w H,,0, 222 0.66
43 35.98 3,4,5- = H R FEAR IR KL RE CsH, 0, 260  0.08 - - -
TR 44 208 2-BHA-2,3,3-SHHT L C;H,sN, 141 4664 - - -
45 26.23 1-(2- PE-1-TNIR3E) ZA e CeH, N 97 - 249 - -
3-%4(-5,6,9,10-P44-5,7,8,9-
46 35.98 T o C,H, Cl 260.5 - 001 - -
DU -5, 90— A BEAR I IR 2 4 v
S 47 28.50 2,6- " HIES b C,H, 170 007 - - -
48 28.91 RN C,sH,, 204 - - 029 134
1,2,3,4,42,5,8,9,12 12a-
49 34.34 VAN C R Saa CsH, 202 - - 007 -
-1 4- FIERI IR O e
50 44.62 (5a) 14— I {$§ 475 C,,H,, 370 073 - - -
R 22 17 15 15
F2  ARFERFHITEE M BN F IS BA T
Table 2 The groups and amounts of aroma compounds in turnip chips dried by different methods
gL FD EPD D AD
. > - 1 - -
B (X,) Fie
X (%) - 8.81 - -
Rk (X, ) Fi% ’ 3 2 3
X i (% ) 19.31 9.58 273 5.23
K _ —
(X)) Fi% ! !
’ X E(%) 1.81 - - 10.92
WA (X,) A - 4 3 2
X & (%) - 72.95 67.60 52.35
K _ —
B (X,) G 2 !
X E(%) 27.43 - - 23.88
A% (X,) G 2 ! 4 6
AXT &R (% ) 0.44 0.02 21.86 6.23
B (X,) Fhk 4 2 3 1
0
! FAXH S (% ) 1.07 1.96 422 0.05
e B _
Wk (X,) Fo ! :
AT E (% ) - 3.23 3.23 -
B (X,) A 3 ! - -
X &= (%) 2.52 0.95 - -
2 1 2 - _
ZRIEF2(X,) M
X &= (%) 46.64 2.50 - -
B (X, ) F 2 - ; :
HEAXT i (% ) 0.80 - 0.36 1.34
HRE A . MEBEEINSTZ —, HEE 555 N 7295% |

AL &9 - S LB BLE AD 3835 16 v A
—EM R (10.92% ) o TRETL & — B2 th TRk
AL, 55 SCH AD BN & A i Btk kS 2 A
W14 s

W5 2545 1 B A A 25 B 1 &80T T Tl 1) B A A
JI% 1) OB AR S TT 5 FR oA A AU TR R L S A U TR g e
LRSI g > . iE261b& & EPD (ID AD

216 20184 52241

67.60% 52.35% .
EERALE W . — A S & H B i A 3l & kT
AP 3 BB ARG, 45 T 1 7 R AN IR SR Y
FEFFRT Y L RS, IE OB RS HAT
Fr AR T K R A RISy, HoAe FD itk E s
(26.85% ) , ]2 -2 ,6— T JF I HA £ 49 22 i )R
A HAE AD PR R E (23.88% ) .
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TR 2 Ak 5 ) - Wi 26 A8 i B0 i 7 Ak i TR 2K 45 )
J T R Ak P R T L A £ S R A S 1) 2
WA A AR T AT, 7 AR R RS S Y
PAFRZEAE ID(21.86% ) 5 AD(6.23% ) W A7 3 4 i Y
FrE, SHTSCHESEAE ID(2.73% ) 5 AD(5.23% ) &
AT A .

BERAL G 7E ID h g 4.22% , Hop 5—HI3E-5
— O -2 - Bt ID JEFF e A P BESR AL G EEK
53 (4.04% ) . BEAL A WAE FD EPD fil AD FR &
R :1.07% 1.96% F10.05% . WES AR H (.
B AR S F AR R Y

e 25 - £ EPD il ID R i A7 A
(¥343.23%) .

Mk b & W3 - T M 5k £ M 2E i ik 7E FD
(1.78% ) 1 EPD (0.95% ) Wi /b A7 75 . i fik 23 3 B
HRAL S B R T, 2 AE R B 1 R A Tk
SAE—E A P RRALI AL & ™, SRSk FD
F1 EPD FLP A& ARG E

2RI TG AE FD i ik 46.64% (2- %
H-2,3,3-=HIT L) . SuLFEm, ZeirAb s
YHE EPD whs /b B frde , & 5ol 2.50%

Tk A5 W) - b ke S IO o SR YR T IR D R
e 4 1 R Y T 22 o e IS ) o ) 22 1) R BE
H T LA N U 1 14 22 53 e )iy o AT EPD &
ABEIEIAE Y, SHICHA EPD SR GY
MVI& o IF H, ekl & WTe Je 35 e 7 b A2l
Z, W AZ., bkl &y RE m, X Je %
i F 1 XU ST RAS R
23 ERTIH
231 FEWEM A URST ES T K 4 AR R
T Ak B T IME 4% 2 M 4 R O BE A )
1126, W 2, Whit 11 2 R VE o B TE SR 48
Préf R W2 30 MG 3, Al — > ks 1y R TTEk
ARUTANIAF] 100% , AT LAFEAS b A7 2 i fie A o A7 748
B A (5 5., R, e i =~ s VE o & sy
Bl 3 AT A B RS
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Table 3  Eigenvalues and contribution rate of

the three principal components

TR B b f";‘: 7 ‘J(r,;o ?‘z
1 6.077 55.244 55.244
2 3.263 29.665 84.909
3 1.660 15.091 100.000

KA F R ES AR B AT 2Z R AR A E R R T
& A XTI R 7 T B S N A ELSE R . ARG R 3
FIE 4 "IN — F T I DTMR R A 55.244% , FFL
BT RE2E ARG 3 REFESRAN A TG B8
RS B TR SR N 29.665% |, T B 7 kT IR AR
SR B S ST TTER R 15.091% 2 e T
BRSEFIEIE ARG B, BN, AR 4 FrlRIFH,
5 — A PO S 2 o IE A SR e &R, MG 22 5 1%
SR B AR 56 56 B B T R A AN IS 2 e R A
MK 5 = RS MRS 2 S IEAN S R, A
PR R A R
2.3.2 FETFTERSSSESL /T MBEM AT A
AR =A™ 25 AR T LS RS A TR 1 i) Ak B 75 i A 19
11 ZEF/S ST 100% HAE S5 B, Fr IR HE T =
A F S AR R, A F1UF2 1 F3 = SRS

AR FR M 11 28 F/ sy, AT F MR 1Y
LEG PN (R 4) BRI SETH M B S P 2tk 26
FX5HR

F1 = -0.171X, + 0.307X, + 0.177X, —0.368X, +
0.391X; — 0.245X, — 0.314X, — 0.381X, + 0.274X, +
0.320X,, +0.275X,,

F2 = 0.295X, + 0.362X, —0.468X, —0.139X, -
0.145X, - 0.223X, + 0.151X, + 0.192X, + 0.405X, +
0.292X,,-0.406X,,

F3 = -0.570X, -0.005X, —0.240X, —0.260X, +
0.031X; + 0.534X, + 0.443X, + 0.002X, + 0.062X, +
0.247X,, +0.049X,

X, F1F2 N F3 554K 45 & RS 5

K4 TR BIRRE ) B A

Table 4  Principal component eigenvectors and loading matrix

PR B—EW B EW 5= WS
R 1f) £ 40 A 1) f E240) REAE 1) £ 4]
2 (X1) -0.171 -0.421 0.295 0.532 -0.570 -0.735
fiE2(X2) 0.307 0.756 0.362 0.654 -0.005 -0.006
ZE(X3) 0.177 0.437 -0.468 -0.845 -0.240 -0.309
52 (X4) -0.368 -0.908 -0.139 -0.251 -0.260 -0.335
WEJ(XS5) 0.391 0.964 -0.145 -0.262 0.031 0.040
il (X6) -0.245 -0.605 -0.223 -0.402 0.534 0.688
B (XT) -0.314 -0.775 0.151 0.272 0.443 0.571
e (X8) -0.381 -0.938 0.192 0.346 0.002 0.002
2 (X9) 0.274 0.676 0.405 0.732 0.062 0.080
R T2£(X10) 0.320 0.788 0.292 0.528 0.247 0.318
JEJ(X11) 0.275 0.677 - 0.406 -0.733 0.049 0.063

T < IR 75 H: 3 7 o0 A A e [R5 v RE AR G
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Table 5 The composite scores table of principal components after standardization
Ab 3 AT P PR R A DA
Fl F2 F3 F HEF
FD 32.34281 16.55690 12.74032 2470171 1
EPD -26.22605 -2.04809 -22.47668 - 18.48784 3
1D -31.88753 -12.16180 -4.02379 -21.83098 4
AD -17.58140 - 15.87735 -12.09830 -10.72404 2

TEAH XSRS, i e XU & B 4

B 3 P AR AR 1) e R AT AR AR AR BRI X6
B =~ JE S0 B9 7 22 TTRK RO AR, A5 F 2 XUk
min S BB PR F 9 RIE R

F =0.55244F1 +0.29665F2 +0.15091F3

RS LB LA 20745 2 A XUBR P4 2545 15 70 (H
KHERF, WL S MR S W, 5 — A 0
= HJE FD 255 18] 2 (e LRGP 4520 v, FD 450 f
5,4 24.70171 , HiYk o AD (EPD (ID, gtk A UL, FD
T MG AT LA G s AE R SE T AN B
233 AFTHIZER M A F AR LES RN A
[R]1 il A B 5 A FE 7 ME 59 Al o 2t E o
BraBlihy 7 B2, Hodh FD I9ZRG 150 e,
AR, HOCh AD (EPD (D, HCJS(P AT A2 FD
AR A ELZS A PR B A0 H RS T B O BT, AD
s ), ZRAT T AR 4 14 b 5T, 10 EPD K2 1D R
SR LIRS (BRI T RIS, S ORGSR i
P AT UL, Sl 000 B AT A SR AN ] 4l b 2R 7 X De #5
Y A At B R A DA Tk, Ik 1 X5 A A o
FA— XS B FR VA B AN 2 TR R (ELPP A B i i

404
304 F1l
- £2
204 =F3
i = mF
<R 0 B b mn E E
Iy "
-104 I =
2204
2304
-40
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Fig.2 The coordinate diagram of sample score
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