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Abstract : In order to identify the flavor components and investigate the changes of the volatile compounds during the processing of
spiced beef, the conditions of headspace-solid phase microextraction (HS-SPME) and desorption time were optimized by orthogonal experiment.
The volatile compounds were extracted by HS-SPME and identified by gas chromatography mass spectrometry (GC-MS). The results showed
that the optimal condition was 60 “C for 60 min, and then desorption of 5 min. A total of 90 kinds of volatile compounds were identified during
the processing of spiced beef, including alcohols (22), aldehydes (11), esters (16), hydrocarbons (14), ketones (8), nitrogen or sulfur containing
and heterocyclic compounds (13) andother compounds (6). The number of volatile components were 45, 48, 53, 52, 61 and 58, respectively
within the six processing stages. The relative content of volatile' compounds changed constantly during the processing, and the composition of
each group of volatile compounds was also different in the samples from the six processing stages. The results provided a theoretical reference to
optimize the processing technique and improve the quality of spiced beef.
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Table 1 The orthogonal design table of extraction and
desorption conditions

KF-
BE AGRER BERE  CRAN
JEIC) 2] /min) 2] /min)
1 40 30 5
2 50 45 7
3 60 60 9

IESSAIG A R AR 2 fiz, S IEAZ i e i
FAFIEAN R 3 AT IEAS o0 AT, Wik 3 Fiw.
*2 ExXRELEG)ER
Table 2 The result of orthogonal design
B R R

s

REY T8 ¢ wim gen
1 11 34 150259751
2 12 2 29 157135504
3 13 3 39 228212772
4 2 13 31 163963153
5 2 2 1 41 189228775
6 2 3 2 42 235562012
7 31 2 39 246380674
8 32 3 45 221707699
9 3003 1 50 243474707

SFIEASIRE: EANED AT 0T, AR IAE R
B S AsBsCy, BNEEEGEEE 60 'C, AEHLES[E] 60
min, fAREE S min. FIEASIRKE QG #4750
T, RERAEMEERCRIAR AT AsBCy, BIZEHUIRFE
60 °C, ZEEUASIA] 60 min, FEASE] 7 min. HFEHR
) KR BE Rk 2T A A, R AT )Xo W T AR
SN, e 2T E B 0 BE R R R Sk AR
AsBiC, FEUEE 60 C, FHUIA] 60 min, WL

/] 5 min.
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Table 3 Analysis of the result of orthogonal design

A5 M E AR
T1&
A B C A B C
T1 102 104 125 535608027 560603578 582963233
T2 114 115 110 588753940 568071978 639078190
T3 134 131 115 711563080 707249491 613883624
tl 34.000 34.667 41.667 178536009.000 186867859.333 194321077.667
2 38.000 38.333 36.667 196251313.333 189357326.000 213026063.333
t3 44.667 43.667 38.333 237187693.333 235749830.333 204627874.667
BAER 10.667 9.000 5.000 58651684.333 48881971.000 18704985.667
BARAKF A3B;C, A3B;C,
IRAE A>B>C A>B>C
22 GC-MS % E 44 « o
PN TSRS BB A O M PR o o
T g B 1 R, RSB B s AR RO "m‘_L\JL“ e “"mi \_‘[L“
BRI AR S BT . HORSS A 4 . e R
S 4 HAT AT DR, B TR oo et
SPERA RO 00 B, SErRERE 22 Fh, BEK ] i \
11 Rl J82K 16 By 3% 14 B0, BRZE 8 Bl SRIEA I'“ ot
ARV 13 HARISLE AL A 6 Fh. 55 B2 4 ;gwhh gdﬁﬁmh“w .

KL B MRAFN, 2R WEE 5 s,
B S MIM SRR MR BB TR EIEE

wl | | ; | ; Fig. 1 Total ion current chromatogram of volatile compounds of

1.5 L 3 100,000,000

the six processing stages
M5 R AE Y, SR R AR S &
ML R AR R W] AL
x4 EFAMIEEPEMBIZR MR T EN

Table 4 The changes of volatile components in spiced beef during processing

0sr

a ..-1-u\.~. L

4% g REAN RS R SRAR % b= %ﬁ#ﬂl K= A H 45&;5 ﬁ%ﬂ
4] /min 1% /% 1h/% ARV 3h/% RS %
S
2.8 3.949 1.99 1.19 2.59 - - 1.83
2.9 - 1-A B 8.666 12.29 24.57 18.09 17.64 19.10 16.84
1-TE: 10.534 037 0.18 - - - 0.26
1- KB 13.553 0.38 3.17 0.73 0.44 0.45 -
1-T.B 16.240 0.23 2.58 0.70 0.72 0.82 -
1-FH-3-B 18.538 - 1.61 1.00 0.40 037 0.88
-8 20.963 0.90 1.27 1.30 1.05 0.72 0.83
[R-R@,R@)]-2,3-T =% 21464 - 0.36 0.26 0.31 - 0.18
4B E-(1-F R T H)3-IREH-1-B8 21.835 - - 0.53 0.57 0.58 0.80
2-FHi-1-85 22.086 - - 0.43 0.29 0.27 -
(Sra, o, 4-ZFHI3IRTH-1-FE  23.591 - - 1.02 0.67 0.53 0.95
K HEE 26.484 0.12 0.11 - - - -
-+ =B 26.695 0.35 0.46 - - 0.23 -
22-BR =B 26.962 0.25 0.25 - - - -
TR
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#ER
2-2-2-FATERL) TEA LB 28.180 18.10 0.89
1+ A\BE 30.429 0.13 0.16
1-+o~BE 32.886 0.96 0.49
2,5,8,11,14- A 8 - 16-+ 5 ES 33.331 1.40 1.07
2-[2-2-TEALEAR) TEATE 33.686 - 0.31
44-—F AR NE-2-BF 33.829 - -
B[ BZHKQ2,1-BMK TIR) | TEE 38.462 6.16 -
NT B 39.395 0.62 -
Bk
SREE 4.695 - -
S 6.666 2.56 18.75
33 10.922 0.69 222
FHE 14.023 0.50 2.74
FEE 16.962 229 2.95
FHEE 20.125 - 0.72
2-F -3 A A 24.962 - -
+wEk 26.321 0.49 -
+oBk 29.959 1.00 0.66
+oNBEE 32.549 3.15 2.49
5-0-f2 & 45-6-BA-12- 3R L —BE RS 32.862 - -
Bgk
LB LB 3.125 8.75 248
TR LB 12.483 0.19 0.40
2-H IR TS 16.031 - -
FER LB 16.966 0.24 1.72
2-WEs k46— F ALK FEL-G, 8-
i =T g;iég; 19.821 1.87 \
2-F AT HATRAIREF A 5F-5 N Y ; )
FE P AR B )
S ¥ 22393 0557 0.64
FARBR TBE 25.862 - -
AT 8RR 28.260 . -
+ w9 ER LS 28.686 - 0.49
9-ih B T8 33.653 131 1.86
12-F = F B —(2-F AL )8 35.166 1.51 0.89
4-= AT RA T B8R0+ AIRALES 35.842 - 1.17
4 FRARER B 35.858 1.87 1.55
1,2- R T 2T T AR 36.863 - -
AR =T By 36.916 2.59 0.82
XS
SR W 5.229 1.55 -
¥R 6.239 453 321
AR W 9.658 1.20 -
-G 3-F K 11.958 - -
KW 12.983 - -
1,2,3,4-09 F ALK 16.912 - -
1-FH-1-TH 18.165 - -
Aot b 20.691 - -
&AW 21.548 - -
+ok 21.642 0.24 0.21
+-z 23.446 242 0.10
1-(FAR TH)-F 4% 26.095 - 0.45

0.48

0.05 - -

- 0.23 -

- - 0.56
0.07 - -
1.68 1.28 -
11.84 8.01 7.20
442 2.68 3.06
3.02 2.58 2.87
241 3.33 6.04
238 225 2.15
0.77 0.73 -
0.05 038 0.28
0.38 037 0.37
1.29 0.85 0.93

: 039 -
2.94 2.07 2.05
3.61 3.77 448

- - 0.12
0.48 - -
1.24 - -
0.78 0.75 -
1.60 2.55 2.20

- 022 0.33

- 0.06 -
0.51 036 0.61
0.86 0.63 091

- 032 0.46

- - 0.25
0.98 0.69 -
11.48 9.78 7.69

- 0.85 0.11
031 0.38 0.71
2.00 1.79 2.37

- 1.02 1.12

- 2.18 0.11

- 0.20 0.12

- 2.96 3.07

. ] 0.79

- - 0.10

2TR
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BER
THEYR 26.865 2.12 - 0.06 0.03 - -
1-F 8E-4-(1- A )R 25.669 - - 0.88 0.58 1.08 1.87
LEES
7 R 2438 5.54 1.91 0.99 1.93 1.54 133
SRR 4.604 1.32 0.72 - - - 0.12
3- & BR 9.923 - 0.27 0.21 0.78 1.97 1.14
3-FHK-2-TH 14.415 1.07 2.88 2.10 1.14 0.98 2.05
1-#4-2- A B 14.846 - - - 1.34 0.87 -
2,3-3F B 15.191 - 2.10 2.08 1.22 1.22 0.43
6- 1 AL-5- R Hin-2-) 15.546 - - - 0.66 3 -
Z'@'l;]f_;}?iﬁ: %4\);_& ) 20204 06l 118 021 0.56 ; ;
L. ARALICSY
1,2,4- Z5mg S 3.919 - - - 6.30 532 5.85
2- Rk 12.064 - - 0.47 - 0.28 0.18
W Hotbk 13.616 - - - - - 1.62
2,6-=F Fokok 15.528 - 4 - 0.76 1.04
S 18.803 - - 4.72 3.84 4.18 5.71
2- LBk h 19.660 - - - - 0.06 0.08
5-F H-2-ek o T EE 21.212 - - 4 : 0.36 0.46
33-Z W1 RE 1= AU 22.621 232 3.03 - . - -
2-HhEE 22.922 - - 0.13 - - 0.15
Rkl 26.625 - - < - 0.70 -
2- LBtk 26.865 - - 0.28 0.37 0.31 0.88
2-BH-6-F A-4(1H)-"57% 29.655 - - 0.07 0.03 0.36 0.06
1,6-—T % F-2 3- = % Heg|oc 32.045 0.92 084 023 0.20 0.16 0.19
rek
AT 5.651 - - 0.43 0.61 0.48 0.53
Aget i & 11.480 ¢ - - - 0.37 0.13
HHE 24.239 0.82 0.32 0.42 0.29 0.16 0.18
AT 24,531 148 143 298 2.65 2.04 2.18
2-Q2-# T AR AI)-N2-(2-
( R, ZJ%M% ( 26.186 . - - 0.02 0.02 -
2- W UL -3-(2- Pl ) K By 30.428 - 0.11 0.31 0.21 0.29 0.51
Er O RFAMEZAR
=5 BEMBMRTPELMERSME RS RENE T
Table 5 The number and the ratio of volatile components in the samples from each stage
sk ENBEEMRFHHAEE TN T OLE
JRAHE W Mo 45 R SEAF 1h HEASITR  IKEAF 3h KB AR TR
i 15 4425% 16 3867% 13 27.68% 11  2221% 10 2330% 9  23.13%
[ 7 1068% 7  3053% 10 33.77% 10 2824% 11  22.85% 8  22.90%
EES 9  1890% 10 12.02% 9 9.15% 8 1202% 9 1037% 9  1141%
¥ 6  1206% 4 3.97% 6 13.74% 6  1538% 10 2093% 11  18.06%
LEES 4 8.54% 6 9.06% 5 5.59% 7 7.63% 5 6.58% 5 5.07%
ERAARBAERE 2 3.24% 2 3.87% 6 5.90% 5 1074% 10 1249% 11 1622%
Hex 2 2.30% 3 1.86% 4 4.14% 5 3.78% 6 3.36% 5 3.53%
p¥ i 45 #¥ 48 # 53 #F 52 Ff 61 FF 58 FF

LR oT E ERIE T i 84k, AN XU RE
B, W RRI DTRRE 2D, AN AN XU BB LIS,
X AU (R TR o 75 SRk A SR 5 1) L A1) B v
ISR 44.25%, FELEFEERE, IR IR
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TR R A SRR o 5 R IR S ™, 7 Pl
mrP IR O, PelE. SRR, ERESERR, IE
57 AR ) S A A SO, e A R R R
REREENEA (T P

Fe2R AL T e & B SR TR 18.90% T F
3] 12.02%, 1 i S e i 2 AL 8 A1 B BB SR
JR & BEORE, BRI IR R N R A,
JEURHA RN B A BESR  E B AR A,
CUR LB AN SRR eI & S W i

JE SR EEORIR T RN be AL R P2,
KR AL R TP S 12.06%, 1RG5 &
BEAR, AENFARTLAE B B, e Al Pk

2] 18.06%. N LIt FEH IR IFIEE EIEI, Bl s

MBS B m, SHREHSE NIRRT
Ol A AME ARSI 53 SRR It —E R K.

HR P AT AN I L FE v & WA B, AR
BRI S & 8.54% KRBt & & 5.07%, {HEZEY)50
IAPRAE I T R s s HR A 20 3452
Ho-THISERE, SEYImS AT e 80,
2, 3-3 A 3- Bl R AR S TR . 25
PR o R, X XRBTRRE D, (A LR TRk
I A E R AR, SRS A T 2 E
H.

B BRI T A S RERIK, K
Z HA AR, 8P PG 1 R
Wi, FUORLFERING . WV, MWy, ML, Xl
(1) 32 BRI BIHE AR 5 N W (1) S R4 s B LK 2
FEPR RN AL 22 (1 IR o 2 P I i R S &
SR S AR R B RN, A2t ERHAI
3.24% ETF BRI AT 16.22%, Z3MEEY BSR4
Pt FE IR, B TR R TS At
LR Y7 SR 0] 3 1 o S Sl = 2 & Y T
RSB 2 )02 1,2,4-=FRDUSWEmy . R
2, 6~ H BN BRI o

3 g

3.0 T [ AR AR B X A R Ak Ry 14T 2
B, BT IEAS RIS HH A HUR A R 2R A 9 A

R 60 'C, ZEHUASIE] 60 min, fFEWLAIE] 5 min.

3.2 KPEB BRI R MR AT b, AR
FERNERLSY 90 Fi, FrPAUFERES 22 Fhy R 11
B25 16 Fl. SR8 14 By FEZE 8 B ARG A LIS
2513 PRI B A 6 Bl 75NN W BRE 14
RIS IRSEEE N 45, 48, 53, 52, 61 Al
58 Fifto

3.3 EIREE B R MR R S B ZE AR,
{HRSRUEDNEEEA R I B AR, 1E
JER} R PR SRS 2 5 1A LU B B K, 43S 44.25%F1
18.90%; 223t il J5 BEAEE 2 LL gl bk, 1
BRI B R THEIE S 30.53%; 78 mrima il i Fe
FHEER ) B B AREEREAIC, TSR B U A 1)
FEREE L RIEERS R EEmE A LA
RS EE A, HERVE R 3.24% AR
16.22%.
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