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Abstract ; In this study, the headspace solid phase microextraction—gas chromatography—mass spectrometry ( HS—SPME-GC—-MS)
was used to detect the volatile flavor compounds of heating treatment on pork.The influencing factors such as salinity, extraction
time , extraction temperature and desorption time were researched by single factor experiment, and the extraction conditions were
optimized by response surface methodology.On this basis,the composition of volatile flavor compounds was analyzed.The results
showed the order of influence of four factors was as follows: salinity > extraction temperature > extraction time > desorption
time.The 75 pum carbon/polydimethylsiloxane (CAR/PDMS) fiber was used and the optimum extraction conditions of pork were
as follows : the salinity was 6% , extraction temperature was 73 °C , extraction time was 40 min and desorption time was 3 min.
Under these conditions, there were 38 kinds of main volatile flavor compounds were detected in pork, including aldehydes,
alcohols , hydrocarbons , ketones, esters, acids and sulfur heterocyclics, etc. The total peak area was 3.18 x 10" and the
comprehensive score was 99.71 with a deviation of 0.27% from the predicted value,the model fitted well. The results of study
could provide some theoretical basis for the analysis and regulation of volatile flavor compounds in pork.

Key words : headspace solid phase microextraction (HS—SPME) ; gas chromatography — mass spectrometry ( GC—MS) ; pork ;
volatile flavor compounds ; response surface methodology
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Table 1  Factors and levels of response surface methodology
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Fig.1 Effect of different salinity on extraction effect
of volatile flavor compounds in pork
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Fig.2 Effect of different extraction time on
extraction effect of volatile flavor compounds in pork
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Fig.3 Effect of different extraction temperature 66 0 1 1 0 29 2.56 78.06
on extraction effect of volatile flavor compounds in pork 17 -1 0 -1 0 30 2.26 74.92
2.1.4  fRWZ B A XA TR 2R P T 2 B AR 1) 5 ) 18 1 0 -1 0 25 1.11 50.59
AN T) £ Wk B 6] o) 4 PR 42 A DXL 4 Jot = A AR 1y 9 -10 1 0 33 2.93 89.10
SEM AN & 4 Pros o Bl A W B Ta) i 2B 1<, A& I o 69 20 1 0 1 0 29 0.80 51.36
WEAN B IEA S TR . M E] 2 1~3 min, 4K 20 0 -1 0 -1 29 241 75.84
55 g TR W R, WS B0 A SR 32 AT 33 A, 2 0 1 0 -1 29 2.29 74.01
WETA AR A3 1) A7 2.09 x 10" F1 2.91 x 10", i fige W Bt [] 22 0 -1 0 1 31 1.73 68.20
S5 A7 min K A RS BSOR S AT ARAE XS 3 min 24 0 1 0 1 33 2.24 78.68
T @ s WA (SR R = NG R AT RN = B b 2 D = B 8 25 0 0 0 0 34 3.02 91.80
T 9 min J& T4 {4 i W s TR] , ARG HY f8) e -~ 250 i g 260 0 0 0 35 3.04 93.58
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Table 3 Variance analysis of regression equation of response surface experiment

TTZE KR SET R H ¥ir F{H P& W E

T 6689.15 14 477.80 29.84 <0.0001 -
A 2924.69 1 2924.69 182.67 <0.0001 e
B 105.20 1 105.20 6.57 0.0225 *
C 243.99 1 243.99 15.24 0.0016 e
D 23.13 1 23.13 1.44 0.2493

AB 88.83 1 88.83 5.55 0.0336 *
AC 44.96 1 44.96 2.81 0.1160

AD 16.48 1 16.48 1.03 0.3275
BC 39.25 1 39.25 245 0.1397
BD 37.88 1 37.88 237 0.1463
CD 1.40 1 1.40 0.088 0.7715
A? 2587.36 1 2587.36 161.60 <0.0001 e
B2 760.91 1 760.91 47.52 <0.0001 *
C? 474.83 1 474.83 29.66 <0.0001 e
D’ 649.57 1 649.57 40.57 <0.0001 e

B 224.15 14 16.01

He 1) T5 167.13 10 16.71 1.17 0.4765
glitR 2 57.03 4 14.26
S 6913.30 28
R? =0.9676 R, =0.9352 CV =533%

T e TRORZER MR (P <0.01) 5% « "FRZERBFH (P <0.05),

GO

—_

GO
R EPEA ()

2

=1

g

%ﬁ '@70 _ 3
"/ E
%, 15 —
S 3\ %‘X
o, 0T o

FIS  REE ACHURT ] AEIBGHELE AT 18] 19 P 58 ELAE RS A BBOSCR 52 R

Fig.5 Effect of extraction conditions on extraction effect of volatile flavor compounds
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o} [B] Y= ASE 7Y 4 0T 3000 445 28] T 2 [ AR 1k 26 B 5
MTss RIE & PEY) I I B A S5 R B 5.90% A5 B i
[E] 40.05 min FZEEUE)E 72.82 °C f#ArHTTE] 3.21 min, T
MFE Y 45 & 1 W 53 g > 0l 36.58 A, g TaT AR
3.26 x 10" , L5 1F43 M 99.44 43
222 BERUGGUE A M N7 AT 6 S Al D AR e S BR Sk
1, ok $E R B S 6% | A BUET [A] 40 min | B IR 2
73 °C W HTE] 3 min PEFFAREANSGE . tRAF T, B
ZIM A5 55 T HE 2 R UK B B e 38 B, Rk s T AR
3.18 x 10" , L5 /4543 4 99.71 4y, 5 FUIMIAE A4 AH XT 5%

Vol.42,No0.06,2021

2670 0.27% , Ut W 5t 57 ) KA BE R B AT B 48 1) F500
PEFIAERATE o
2.3 FEARELERKMRS

FEPIEAFALAL S ) HS—SPME - GC~MS ${ AR /3
WA P R M 53 , 28 80% LA 1 ARARLEE fifi e , L3R4S
38 FhFE AP XU ot , HLAE A ank 4 o .
231 MEEZEAESY  EEERSELS W) EEORIE TR
U7 1 S Ak RN S R A N o AR b, 5 DR v
FALE W IR 12 b, Horb O R B s, 18
597.23 ng/g, BT WA IR, JEAE A A HE 29 XK DTk

T4 AR R

Table 4  Volatile components and contents in pork

o) 1%?6’F|‘J‘I‘HJ ok PES. ARG L 2 S A Y35
(min) (%) (ng/g)
2 (12)
1 4.849 JY % Pentanal CsH 0 83.48 MR SO 120 14.46
2 7.329 L% Hexanal CeH )0 89.44 F Ak (28-29) 597.23
3 10.736 Bl Heptanal C;H,0 89.38 e, A18.29] 157.26
4 12.041 (E,E)-2,4-TF )i (E,E) -2 ,4-Nonadienal CoH 40 85.26 ME T, X7 [20] 4.17
5 14.219 SERE Octanal CgH ;60 95.87 NS A, S 28] 99.03
6 14.938 + 8 ( H H:5 ) Dodecanal CjpHp0 82.38 AW, Nk, 7 30) 0.07
7 11.822 (E)-2-C s (E) —2—Hexenal CgH ;o0 85.69 etk BT, i 7 [20] 3.96
8 17.665 T-J#% Nonanal CoH 50 95.87 L, gk 3] 61.08
9 18.307 5— LM -1- I 5—Ethyleyclopent—1-enecarboxaldehyde CgH,,0 92.46 8.68
10 18.779 (E) -2-2¢4E (E) =2-Octenal CgH 4,0 84.19 s T RS 20 5.69
11 20.995 &% Decanal CioHp0 86.97 H A A 120 1.79
12 21790 JEITE Benzaldehyde C7He0 96.09 A=A A R3] 78.48
B (8)
13 4328 (E)=3-34f—2-f2(E) ~3-Octen-2—ol CgH,60 87.60 78.66
14 4.739 (Z)-2-2FW-1-JE(Z) —2-0cten—1-ol CgH 60 83.58 18.77
15 9.145 4-(1-HF I LK) -5 Cyclohexanol ,4— ( 1-methylethyl ) - CoH 50 84.09 18.20
16 11.300 1= 4e-3-fE 1-Octyn-3-ol CgH 40 81.03 2.13
17 12.936 1- % 1-Pentanol CsH,0 81.38 WA, A, 20 6.15
la,4aB,8aa— 15— 1-Z5M 1.alpha. ,4a.beta. y
18 17.774 ’ Zﬁ.;lphargthydg—gf}— nap};nhalenol C1oH10 88.35 13.52
19 19.535 1- 53— 1-Octen—-3-ol CgH 60 87.26 SRS Bk 31 3.58
20 20.841 4- ZHIR B 4-FEthyleyclohexanol CgH ;60 80.39 1.10
F%(4)
21 3.691 3-ZF-H i Cyclohexene ,3—ethyl— CgHyy 84.09 0.72
2-(1,1-— -3- - b .
2 12.908 Oxiianls 22— (T,%—Z({ife)lhylet:;l%—3Tii}fi CHL0 84.42 34.88
23 14.631 3. 3~ +—%¢ Undecane ,3—methylene— CioHyy 80.89 6.56
24 16.348 2— Ffl J—4—T-Jfis 4—Nonene ,2—methyl - CioHyg 83.70 16.64
25 (2)
25 14.008 3-F23-2- Tl Acetoin C4HgO, 87.26 AR, k[ 23,29] 2.08
26 26.986 A5 3E-2 (3H) - IR 2 (3H ) —Furanone , dihydro—5-pentyl— CoH 60, 81.77 0.75
g2 (5)
27 6.187  3-%AAfR-2- ZHEFR g 3—Chloropropanoic acid ,2—ethylcyclohexyl ester  CyH 9ClO, 80.34 17.93
28 15.525 n— &R 2 HE75 n—Caproic acid vinyl ester CgH 140, 85.66 15.83
ESVER 4 ;
29 19.656 R Pifig Formic acid, heptyl ester CgH 60, 90.72 %g%;ﬁiﬁﬁ 23.31
30 22.828 2 i Formic acid, octyl ester CoH 50, 94.03 17.05
31 35.188 R HEFFAZHR Allophanic acid, phenyl ester CgHgN,03 80.92 1.46
(1)
32 31.227 L2 Hexanoic acid CeH 5,0, 83.24 s kR3] 8.70
LI E I E Y (6)
33 9.276 2—n— "] FEWIE 2—n-Butyl furan CgH 0 87.40 1.81
34 12.343 2— %Ak Furan,2-pentyl— CoH 40 94.13 T R AR 2833) 254.20
35 16.946 (Z)-2-(1-%J4) Wi Furan,2—(1-pentenyl) -, (Z) - CoH 0 84.86 3.21
36 17165 — 3L = Dimethyl wisulfide C,HgSs 90.68 " ﬁj#r;‘%ﬁ; g’%{u;ﬁﬁ 528
37 24.594 AT Phthalan CgHgO 86.85 231
38 25.515 2 — Z R REBEMR 2~ Acetylthiazole CsHsNOS 88.74 1.79
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W IR PRI I R R T, o B
535k 157.26 .99.03 . 78.48 .61.08 ng/g, =113 A< HR
EWIBFMESE, BN EEWEWRY E, 5
A H TR 2 Ak A A B0 AR AR T L S
Wy, 2R R O AR RS A i R 5 TR XUBR 4
TR DT RREL /N TS 2R T, 58 TR B AR R R 2
& Yy Rede BN AR o
232 [EERMEWMIRIIEY 80 Rl
FALEWA 8 Fh, i (E) -3—=Fdf-2- B & H i,
ik 78.66 ng/g. HRE(Z) -2 M—1-WE 4— (1-H
R B - O, &4k 18.77 (18.20 ng/g., 1M
BN A X5 TR R A B R ST kAR R i 1 - 38 (1 — =%
=3 -0 A I 6 RS I 3 g A R AR, AR
A 6.15 3.58 ng/g, EAR N HE & F NI & 5 H
BEEIE Y ARG I R 4 & 42 T I, & &k
AR R T E . 53 40, 38 H AR R L) 5t X
PAL i B XU S22 i A RS A 4 6 e (SO T o L 1R —
R G, H & BEWANE , 1 8.70 ng/g, {HIRIE
FE A N A K P LR 9 5 1 B R TR, DA R H
Kb P B XU B B SR A /N
233 RBRISAEERMMEY B FEk AN
PR e 1 FH B 28 AR T/ . AR, 16
M b G 4 B, o 2- (1, 1-ZH 32, 3E8)
=3 H - IR L BE I = e, 15 34.88 ng/g, HIK
JE2-HE-4-T0%, & 16.64 ng/g. FlRPIFIY
R E R, ARG H A Y 10 A IR e S P R
e TRea . TS s hmkiesd
WXl A PR RUBR 1) 422 DT BRAVE A BN, BRI BT Al
A XU A BTk I 2% IR A0 A 9 ) 2 (A A, Tig 25k
By J B YR TR RN 2 6] & A B mR Ak s v . AR
e P S R 2Rtk A& A S5 Fh, A B R BENE L H
BR SR 3— SN R —2— Z LA U HE \n— O IR 204 JE Fig
FIIRIEL R TR , R 2516 &9 i) B & 5228 75.58 ng/g.
BEZAb- & £ B W R ALK IR B | 48 B A 28 T 0
AR ok S R A i KR A — R AR
234 HFmAHERREMALEY SHmibEwEs
WAL S FE TR PR R ™ A= 1), X3 v RS 28 % & A Ak &
WA W E =LA 2- 2R mEmE B 4 B 5.28
1 1.79 ng/g. Hirp Ay — FF 3% = AR 52 1A A LSS DL ek
PERLSBR, BAR B s B AIK, (B 4 A 09 XUBR A — 2 BT
Hko 22PRIAbA W3 B I R 2 A 2 P R AR B R 1)
FEEORIEZ — . I PRI B 1 2R S PR
2— N HE IR IR P B B 1, A 254.20 ng/g, TS OV TR
PEAEEAL R, B SRR SE I XS X
AT HE TR, 30X 5 R R A AR R X XL
T3 PHE USRS B 52 M 45 1S AR . ek g2
B W S B, (B R AU A A — 2 19 DTk o
¢ Tk, il ok T 2 [ AH £k A% 3R <5 B
(HS—-SPME-GC-MS) $7 AR 3 45 & N [ L 44 , A6 0
H A5 S S5 T 5 TR I F2E R 1k XU 4 [t S BE AL 4G
MEE WS KRS WS ER S TR SN A i M H T e
L&Y .. HAoam ki 2ie e mE, 6 12
A, Bt s, 53 T 1031.90 ng/g; HIK & & i
KB EY ., A 6 Fh, B& N 268.60 ng/g,

258 or1mHoom

bR g A

For 2— N RE IR 1Y) 5 R e, & B O 254.20 ng/g;
K G EeRAE W RIEIEAE W o3 A 8.5 F 4
Fh, B4yl ol 14211 ,75.58 F1 58.80 ng/g; K i
HOTRZE A5 W) FN R 2 A & Wy /b, & 1 43 i WA A
7.92 F18.70 ng/g. Ht, A KRS  BEIEFEa Se H
BRI G W B R I S O A A R Y R R R
PR/} ies
3 Hig

AHFFEAE B D 3R S8 BE Al b, 38 A 10 5 5] AH 1
=B (HS= SPME— GC— MS) H A 4545 i 1
M ARAC IR T 20 Ak 215 55 A B9 448 22 P XU 9
B AE I & . R 75 wm CAR/PDMS #EHY
S, BAERERA R 6% ALy 73 °C FEHL
] 2h 40 min fEIEE] S 3 ming HEAEAETR 4G
B P PR U T 38 Fil, B TAT A 3.18 > 107,
LEEA353 9 99.71 gy Hrp AL A WA B S
B S Y B ek AL S Y a0 S R R, HAk
RIS R ARG W), TR G W &
B o SRR As S T AE 25 5 D7 20 B AR X R
2270 0.27% , YL BZAR B W] £, ) FH w107 T 72 A0 Ak A
F| ) HS=SPME- GC—MS $7 A FE UK (R 44 % 1 KUK
YT 5 ik ml REVE R HA N E

5%k

[VJRACE ) 8L, SR b % A P B A B 2R 89 & A 2 57
B g By B AR 69 SR AEALH] [T]. 30 4 Ik 5 4R, 2019,31(6) :
2507-2514.
(2] th, Fodgds , B, 5 . 3 /R 45 & AL 22 30 4 1 Rmk
t%oi [ J]. A2 ,2018,39(2) :227-232.
(38 B, 3R 35, AR vk, 5 ok i/ 3 S 2 6L - S0 B R 1L
B K Gl Bk Fe s PR R e R ReR S R (T]. A
EH 7 ,2017,31(3) :45-50.
[4]Sun Y W,Fu M J,Li Z C, et al. Evaluation of freshness in
determination of volatile organic compounds released from pork by
HS-SPME-GC-MS[ J].Food Analytical Methods,2018,11(5) :
1321-1329.
(SR R, R,F A TEALAALE LT A
Rk 4 ity HS/SPME-GC/MS st 447 [J]. 1 £ 55,2018,
32(1):52-57.
[6] Yang Y, Ye Y F, Wang Y, et al. Effect of high pressure
treatment on metabolite profile of marinated meat in soy sauce
[J]. Food Chemistry,2018,240:662-669.
[7]Li J W, Wang Y L, Yan S, et al. Molecularly imprinted
calixarene fiber for solid — phase microextraction of four
organophosphorous pesticides in fruits[ J ].Food Chemistry,2016,
192:260-267.
[ 8 ]Riu—Aumatell M, Vargas L, Vichi S, et al.Characterisation of
volatile composition of white salsify ( Tragopogon porrifolius L.) by
headspace solid — phase microextraction ( HS — SPME ) and
simultaneous distillation — extraction ( SDE ) coupled to GC - MS
[J]. Food Chemistry,2011,129(2) :557-564.
(9] 8 &3, ) il , XX, 5 vl B B sk An i A k- AP 2 W
B FREF P RAF T L[] A RHF,2018,
39(16) :280-288.



@ézﬂﬂh‘il

S W

[10]Nguyen H N, Gaspillo P A D, Maridable J B, et al. Extraction
of oil from Moringa oleifera kernels using supercritical carbon
dioxide with ethanol for pretreatment: Optimization of the
extraction process [ J | .Chemical Engineering and Processing:
Process Intensification,2011,50(11/12) ;1207-1213.

[IV] M &M 4R, 56, 5 A T E B AR 3P & #
KRR 5 GC-MS 57 [J]. & u#+4,2016,41(4) .
293-297.

[ 12 ] Bhattacharjee P, Panigrahi S,Lin D Q, et al. A comparative
qualitative study of the profile of volatile organic compounds
associated with Salmonella contamination of packaged aged and
fresh beef by HS—SPME/GC—-MS[ J].Journal of Food Science and
Technology,2011,48(1) :1-13.

(1314 A4, BmAE, RBEE,F NEAMBER: AAME
W/ R R AR 2- WA kB AR £ R[] SRR A
%7 E,2015,5(3) :279-282.

[ 14 ] Moreira N, Lopes P, Cabral M, et al. HS— SPME/GC - MS
methodologies for the analysis of volatile compounds in cork
material [ J ].European Food Research and Technology,2016,242
(4) :457-466.

[15]Wang X, Rogers K M, Li Y, et al. Untargeted and targeted
discrimination of honey collected by Apis cerana and Apis mellifera
based on volatiles using HS—GC—-IMS and HS-SPME- GC-MS
[J].Journal of Agricultural and Food Chemistry,2019,67 (43) .
12144-12152.

[16]Li Cao,Jinging Lu,Xin Ye.HS—SPME-GC-MS analysis on
volatile components in different cultivars and different parts of
Artemisia argyi[ J].Medicinal Plant,2017,8(4) :1-5,9.

[17] 3k, A&, Z 05,5 AT BP 4% 2 M 4 e it 45 3 ik 04
B R A AL R FR G [T]. P BRLAS,
2018,51(23) :4535-4547.

(18] L, Mtk 2%, 8k 36T . R Flik & SPME 5 GC-MS 5%
VLA o M Y B AR KM KR o 4 [ ] AR e A 52,2012, 33
(12) :169-172.

[19] %R RA %, & 24,5 ME BMMER-2-REA
M S AR AR LR R R A [J]. B E X FFM(A R
#351) ,2006,42(4) :74-78 ,91.

[20] &) 36 A5 40 B AP HE PO 55 59 20 AL 4 1) 48 20 M Gk R 4 89
EF45H[D]. AN A e Tk X 5 ,2012.

[21]Li A,Ha Y M, Wang F,et al. Detection of hydrocarbons in
irradiated chilled beef by HS-SPME-GC-MS and optimization of
the method[ J ].Journal of the American Oil Chemists’ Society,
2010,87(7) :731-736.

[22]5RME 5, % R m A, 5 TR Z B AR R IR - SR AR %
Lo ANBERBERS I B F GBS []]. & &A
%,2019,40(12) :220-225.

[23]448, % &, £ %, % A T HS-SPME-GC-MS x4k %
1 AV oA i AR [T] A S T kA4, 2018,39
(15) :266-273.

(24, 248 , T &, 5% . TE B AR 3 IR- AR 3R
Bl T B H AN F A AR BT R AL P 4 A AR
[J].&&A4,2013,34(18) ;239-244.

[25]308F, 5K G#, THA, 5 FPEL LR, MEEM

Vol.42,No0.06,2021

PR G R[] RS A DA FIR,2015,34(1)
40-46.

[26 ] Pérez— Gonzdilez M, Gallardo— Chacén J J, D V.Optimization
of a headspace SPME GC - MS methodology for the analysis of
processed almond beverage[ J].Food Analytical Methods,2015,8
(3):612-623.

(2732, kmE, TR A, MR ER-2AE
- R R E R RS [T]. R &R 5,2010,31
(16) :239-243.

(28] 8 AL, R 52, mbe s, 5 & H A F A RF 2 AEL
TRk Yy ey a8 R ,2017,31(4) :23-28.

[29] 4o, Fade, 23,4 A T AL R R 54 5 A
X R L Rk 4t #ra [ T]. R £ 87 ,2018,32(4)
39-43.

[30] sl skatk, BB, X I, 5 A 0 4 95 45 A M AR 5 B S e
AR EALT] ) A EFRFFR,2018,38(5) :41-49.

[31] a4k, 2 245, 2R, F AT RTH 25 EH GC-MS
DHTRA P R R AR AT I B R Ak e R by
B[] A& T kA3 ,2019,40(23) :229-234.

[32] 8, B354, 300% , & R RAD B I 45 48 KUk R 2 9 A7
[J]. &R 5 4,2019,40(11) :153-158.

[3B]FLa, MEL, TWT, ¥ 26 aHMILFH
KEEBLIZIE AR AR []]. F B A& R, 2019,19(2):
147-154.

[34 ] MacLeod G, Seyyedain— Ardebili M.Natural and simulated
meat flavors ( with particular reference to beef) [ J ] .Critical
Reviews in Food Science and Nutrition,1981,14(4) :309-437.

[ 35 ] Mottram D S.Flavour formation in meat and meat products; A
review[ J |.Food Chemistry,1998,62(4) :415-424.

[36] 5% Armak, @ L&, 5 wFHE2MATH AT Eo%
Fm[J]. & &A5,2018,39(10) :228-233.

[37] 22 &, Bk, 3Dk, F A RAERRFIEFR
Jo L A2 AL RAY R ESHAT[T]. o5 KT,
2019,45(4) :200-205.

(38 %] 5 k44 W R 5 I\ B B B R AR M Rk 4 Ji #F 5
[D].Z Ml 4k K 52,2010,

(391273 %, 3047, H X R, F AT o T RAAAMER- T
B ARSI R B I 0 E] KA A [T] & s At
% .2019,40(2) ;215-221.

[40] 2%, %1, F=4, 5 T H oAt EH- RERM
BARGATH ok & B R [T]. £t 5,2012,33
(12) :268-272.

[41]Jin G F,Zhang J H,Yu X, et al.Lipolysis and lipid oxidation
in bacon during curing and drying—ripening[ J].Food Chemistry,
2010,123(2) .465-471.

[42 ]Khairy H L, Saadoon A F,Zzaman W et al.ldentification of
flavor compounds in rambutan seed fat and its mixture with cocoa
butter determined by SPME - GCMS [ J ] .Journal of King Saud
University—Science ,2018,30(3) :316-323.

[43 ] Ventanas S, Mustonen S, Puolanne E et al.Odour and flavour
perception in flavoured model systems: Influence of sodium
chloride, umami compounds and serving temperature [ J ] .Food
Quality and Preference,2010,21(5) :453-462.

20214 55064 259



