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Abstract: In this study, Shi-Zi-Tou pork meatball was taken as the research object. The changes in the volatile flavor compounds of two
kinds of pork meatball with different fat-to-lean ratios during different cooking time periods were examined, to explore the changing patterns of
volatile flavor compounds of the meatballs that had been cooked for different time periods. Solid-phase microextraction (SPME) coupled with
gas chromatography-mass spectrometry (GC-MS) was used to separate and identify the volatile flavor compounds in the pork meatballs. The
key flavor compounds generated in the cooking process of meatballs were discussed by combining with the odor activity value (OAV). The
results of the study showed that 73 and 71 volatile flavor compounds were produced during the cooking of the meatballs with two fat-to-lean
ratios (6:4 and 7:3, respectively). After the analysis of OAV values, the main flavor compounds were hexanal, nonanal, 1-octene-3-ol and
2-pentylfuran for cooking times of 90 min, 120 min and 150 min. After being cooked for 120 min, the meatballs with a fat-to-lean ratio of 6:4
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had hexanal, nonanal and 2-pentylfurancontents of 3.87 mg/kg, 4.41 mg/kg and 2.85 mg/kg, respectively. The meatballs with a fat-to-lean ratio
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of 7:3 had hexanal, nonanal and 2-pentylfuran contents of 4.44 mg/kg, 5.03 mg/kg and 2.74 mg/kg respectively. Therefore, the Shi-Zi-Tou pork

meatballs with a fat-to-lean ratio of 7:3 that have been cooked for 120 min had more abundant flavor components and better flavor.
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Fig.1 Total ion flow diagram for lion's head extraction with a fat to lean ratio of 6:4
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Table 1 Components of volatile flavor compounds of pork meatball at different cooking times (mg/kg)

e 1RG0 /min : : ad : : : : ) : :
30 min 60 min 90 min 120 min 150 min 30 min 60 min 90 min 120 min 150 min
ETE 523 143£024*  278+0.03" 3.47+0.72° 3.87+0.80° 2.93+0.09°  0.04+£0.02° 3.92+0.03° 3.74+0.08" 4.44+0.07° 4.21£0.07"
S B 8.08 0.29£0.04°  0.66£0.16°  1.01£0.03*  1.13£0.10* 0.7120.09"  0.55£0.08° 1.01£0.08® 1.01+0.05* 1.20£0.16" 1.40+0.17™
T 14.6 228+021° 337+0.03* 3.45:020° 441070 2.81£040°  2.89+0.17° 429+031° 4.20£0.06" 5.03£0.28" 9.41+1.85"
F o 18.89 6.43£0.24" 14.78+0.63" 15.47+0.72° 9.87+0.80° 12.93+0.79"  2.48+0.01° 0.89+0.54" 0.65+0.01* 1.01£0.02° 0.60+0.05"
AR MEEE 25.26 0.09+0.01° - 0.07+0.01°  0.08+0.02*  0-06+0.01° - 0.02+£0.01*  0.05+0.02° 0.08+0.02" 0.010.01°
A B 16.17 0.21£0.02°  0.06£0.02*  0.06£0.01° - - - 0.02+0.01° - - 0.110.06°
+=m 15.87 0.22+0.01° - 0.30£0.08"  0.22+0.02° 0.38+0.04"  125+0.08" 0.59£0.03" 0.23+0.05° 0.40+£0.02" 0.61+0.08"
R-2-+ ZHmk 18.55 - - 0.01:£0.02° - - - - - - -
2-+—tils 21.18 - 0.02£0.01*  0.10£0.01° - - 0.03+0.01° - - - -
FEL B 15.25 2.49+0.68™ 1.33+0.38"  3.93+0.03" 1.18+0.05 0.75+0.06° - 3.3240.05% 3.78£0.22%° 2.86+0.06° 5.73+0.94°
AKX -11-+ AWk F B 36.05 0.41+0.08" - - - - - 0.50+0.01° - - -
AEkr, — B — 9 B 371 0.24£0.03"  0.27+0.03" - - - - - - - _
WA F B R B 4.60 0.28+0.07*  0.14+0.01° - 0.04+0.01*  0.20+0.07° - - - - -
ARR TR =T s 34.57 0.05£0.01° - - - 0.01£0.01°  0.05£0.01° - - - 0.01+0.01°
YKk LERES 30.22 0.23+0.01° 0.7120.07°  0.02+0.01° 0.57+0.08°  0.23+0.03" - - - - 0.58+0.02°
14-F A+ a4 F By 34.02 0.03£0.01*  0.03:0.01*  0.02+0.01*  0.03+0.00°  0.02+0.00" - 0.17£0.02°  0.12+0.02* 0.15£0.01* 0.13£0.01°
B I8 BR LW S 16.23 - - 0.50£0.05*  0.05£0.01°  0.02+0.01° - - - 0.16+0.23* -
ok TR T BS 12.61 - - 0.05+0.01° - 0.07+0.01° - - 0.01+0.01° - -
14-F A+ a4 F B 34.03 0.03£0.01*  0.03£0.01° - - 0.03+0.01° - - 0.01+0.01° - -
ARR B = T B 33.35 - - 0.0140.01° - - - - - - 0.10+0.04°
3-R A B T B 7.76 - - - - - - - - - 0.23+0.02°
Sty Nl 0. Sy e X 6.25 - - - - - - - - 0.16+0.03* -
371-= ‘fﬁ;ggg;ﬂ%i ﬁ(ﬁ 2332 - - - - - - - 0.01£0.01* - .
10, 13-+ /\BE ks T 5 8.67 - - - - - - - 0.02+0.01° - -
B LR F S 10.29 - 0.33£0.06"  0.32+0.15 - - - - - - -
T AHER ST B 3.28 - - - 0.70+0.01° - - - - - -
- ETH 3.06 140£0.92° 324+058" 3.65:037° 3.83:0.50° 4.19+0.14°  3.14£0.44° 4.42+025° 3.714024° 5.64+0.98"
B 15.00 0.69£0.01°  0.73+0.01°  1.84+0.18° 3.18+0.63" 3.82+0.42°  4.87£0.75° 7.58+0.40° 6.65+1.85° 9.02+2.10° 8.18+0.04°
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e %% 9% 18/min : : 64 _ . | | 73 | .
30 min 60 min 90 min 120 min 150 min 30 min 60 min 90 min 120 min 150 min
+—J 14.45 0.15+0.02°  0.45+0.07° - - 2274020 12.57+0.74* 9.43+0.61° 5234033 7.63+0.17%
Et+=k 13.77 0.41+0.08° - - - - 1.27£0.59°  0.88£0.07° 0.10+£0.05° 0.07+0.02* 0.07+0.03"
Etreig 19.00 0.34+0.08"  0.23+0.03" - - 0.14+0.02° 0.49+0.10°  0.26+0.07° 0.41+0.04* 0.59+0.01° 0.20+0.08"
1-83-FA TR 458 - 0.33+0.07° - 0.24+0.04*  0.01£0.01° - - - - -
22,7,7-09 F EFh 1091 - 0.05+0.01° - - - - - - - -
B-Aa AN 26.87 0.160.03*  0.01£0.01° 0.40+0.08" 0.14£0.02°  0.18+0.06° 0.68+0.04*  0.27+0.08" 0.36+0.01* 0.53+0.08* 0.27+0.08"
FAN 2622 0.05+0.01*  0.65+0.92° - - - - - - 0.05+0.01*  0.84+0.04°
beta-J& b 12.15 5.71+1.07 - - 0.39+0.08°  0.30+0.04°  11.11+0.38" 15.53+3.92° 9.29+3.14° - -
TS A 25.66 0.12+0.07*  0.05+0.01°  0.11£0.05*  0.04+0.02° - 0.08£0.01°  0.08+£0.02° 0.04+0.01° 0.06+0.01* 0.08+0.01°
e alpha-#4 A% 26.07 1.7240.28" - 1.2240.21° - - 0.674£0.05°  1.19£0.32* 0.56+0.19" - -
T i M 14.11 0.38+0.04°  0.09+0.03* 0.12:0.02° - - 0.1240.01° - - - -
At 11.78 0.13+0.03" - - - - - - - - -
()7 ALY 25.74 - 0.02+0.01*  0.21+0.29" - 0.20+0.09* - 0.3120.04° - - -
1+ =% 17.34 0.12+0.01*  0.05+0.01° - 0.05+0.01°  0.06+0.01° - - - - -
24-T =)k 2.80 - - 0.15+0.05"  0.18+0.05° - - - 0.1740.05"  0.21+0.14*
1,7-¥ =)k 7.09 - - - - - - - 0.36+0.11° 0.07+0.01°
LA-3(1-# R HK)-1,3-T = 26.62 - - - - - - - - - 0.01+0.01°
1,8-F =}k 451 - - - - - - - 0.05£0.01° 0.14+0.01* 0.05+0.01°
2,6-F —Jk 7.44 - - - - - - - - - 0.02+0.01°
B % 1-F H-3-5% 10.64 0.2140.09°  0.20+£0.08" 0.19+0.07° - - 0.09+0.02°  0.19£0.07° 1.39+0.03* 0.38+0.13* 0.46+0.07°
TR AREE 16.53 0.29+0.19°  0.1140.06° 0.25+0.05° 1.24+0.05* 0.65+0.12° 3.73+0.04*  1.86+0.12° 4.25+1.42° 1.84+0.06" 1.27+0.53
AR+ AR 10.13 0.02+0.01*  0.01+0.01° - - - 0.15+0.01° - - - -
2-F -1 B 18.12 0.03+0.01° - - - - - - - - -
A% M5 16.98 0.05+£0.01*°  0.04+£0.00° 0.06:0.00* - - - - - - -
2-W H- 1okt BE 15.01 2.67+1.44° 4.11£126® 6.19+1.71° 3.38+1.19® 2.71+0.07° - 0.13+0.02° - - 0.03+£0.01°
et b B2 1231 0.030.05" - - - - - - - - —
2-THA-1-F82 18.28 - 0.21+0.08* 0.22+0.01* 0.01+0.01*  0.0120.01° 2.84+0.54°  237+123" 3.89+1.02° 2.06+1.45 1.59+0.19°
e N 10.92 - - - - 3.35+0.73 - - - - 5.84+0.26
37-Z A1 9.37 - - - 0.01£0.01*  0.010.01 - - - 0.01£0.00*  0.01:£0.00°
24-8 =¥ 1B 6.42 - - - - - - 0.214028"  0.22+0.01* 0.01£0.01* 0.01+0.01°
2+ B 17.16 - - - - - 0.08£0.02°  0.04+0.01° 0.25+0.02° 0.02+0.00* 0.01+0.01°
alpha-#2 i B3 17.41 0.12+0.07 - - - 0.02+0.01°* 0.15+0.12*  0.06+0.01* - - 0.210.09°
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&R
6:4 7:3
Wadh PR B 18] /min - - - - - - - - : -
30 min 60 min 90 min 120 min 150 min 30 min 60 min 90 min 120 min 150 min
B 16.68 0.29+0.01° 0.16+0.03* 0.45+0.04°  0.25+0.05° 1.08+0.32°  0.38+0.03* 0.1+0.01° 0.34+0.03"
L-harBx 236 0.22+0.01° - - - - 0.03+0.01° - - - 0.04+0.01°
A 2.29 0.22+0.02*  0.38+0.04° - - - - - - - -
Ak & BT 17.80 - 0.14+0.02° - - - - - - - -
NT =B —(+ o h Bk 34.08 0.01£0.01*  0.02+0.01* 0.03:0.01*  0.02+0.02*  0.010.01° - - - - -
QR S 1. 3.89 - - - - - - 0.05£0.01* 0.14+0.01°  0.09+0.07 -
DL-fa7EE 231 - - - - - - - 0.010.01° - 0.03+0.01°
AR R 10.79 0.01+0.01* - 0.07£0.01* - - - - 0.03+0.01*  0.05+0.01°  0.08+0.01°
2,3-3F = 10.71 0.21£0.02" 0.12+0.02°  0.24+0.08"  0.03£0.01° - 0.19+0.07® - - - -
EES 4-F KT B 10.03 - 0.01£0.01* 0.01£0.01*  0.01+0.01*  0.12+0.07" - - 0.02+0.01* 0.51+0.02°
2-FAUIRER 30.77 - - 0.02+0.01° - 0.03+0.01° - - 0.08£0.01®  0.07£0.01°  0.14+0.03°
2-+ A ARHR 30.70 - - 0.03+0.01° - - - 0.01+0.01° - - -
3-FA AR 32.61 0.01+0.01° - 0.03+0.01° - - 0.65+0.08"  0.27+0.05* 0.11£0.06°  0.14+0.08" 0.07+0.007*
TR 36.06 0.01+0.01° - 0.02+0.01*  0.01£0.01*  0.06:0.01% - 0.04+0.02° - - -
b 6- R 19.35 - - - 0.06£0.01*  0.02+0.01*  0.42+0.02° 0.07+0.01° 0.03£0.01* 0.04+0.02°  0.05+0.01°
T v AR 6.88 0.01£0.01°  0.01£0.01* 0.0120.01*°  0.07+0.01*°  0.010.003° - - - - -
(B)-11-=+ 48k 20.08 0.02£0.01*  0.010.01° - 0.01+0.01° - 0.04£0.01*  0.02+0.01° - - 0.01+0.01°
BR% MR- NBR B 38.04 - 0.01+0.01° - 0.05£0.006"  0.030.01° - 0.01£0.01° - 0.05£0.01*  0.03£0.01°
E 17.82 - - - 0.003£0.005  0.07+0.01° - - - - -
I R 23.32 - - 0.06:0.008*  0.03£0.004 - - - - -
B XA13-F BB 36.07 - - - - - 0.04£0.02"  0.03£0.01° - - -
DL-BLAER 1.06 - - - - - - - - 0.01+0.02 -
L-PEEER 3.25 - - - - - 0.04+0.01° - - 0.03+0.01° -
—AAAR 14.71 249+039" 1.06£0.30° 234+0.13*  121£0.71*  0.78+0.10° - 1.07+0.07° 273022 2.82+0.91%" 3.44+1.53®
=&+ ik = med 21.6 - - - - - 0.23£0.01°  0.43+0.01°  0.40+0.08" - -
Iy 2,6- =4 T At F iy 26.54 0.08+0.01° 0.10£0.01*  0.06£0.05"  0.08£0.05*  0.14£0.06" 0.15+0.08" 0.13£0.05" 0.13+0.04*  0.16:0.02°
8] =¥ 3K 7.77 0.450.04*  0.30+0.13" - 0.08£0.01*  0.13+0.01° 1.29+0.14° - 0.33£0.03°  0.03+0.01° -
*F =K 7.12 0.22+0.03* 0.30£0.02"  0.02+£0.01°  0.01£0.01° 0.25+0.06" - 0.01£0.01°  0.04+0.01°  0.03+0.01°
2- ek v 16.24 - - - 2.85£0.02°  7.60+0.02° - - - 2.74£0.02°  4.60+0.02°

i O Rkt REFHE (a. bfec) RFEFRE (p<0.05) .
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Table 2 Summary of volatile flavor compounds of pork meatball at different cooking times

bt $A] —— __ : : : — , :
30min 60min  90min 120 min 150 min 30min  60min  90min 120 min 150 min
7S 7 6 9 6 6 6 7 6 6 7
RS 8 7 7 6 8 1 3 6 4 6
BrE 13 12 8 8 9 10 9 12 9 12
B2k 8 6 5 4 6 6 7 5 6 9
S 4 4 2 2 2 2 2 2 1 3
LEES 2 2 5 2 2 1 1 3 2 3
BRE 4 3 4 7 5 5 6 2 5 4
b 4 2 3 5 5 4 3 5 5 4
Bt 50 42 43 40 43 35 37 41 38 48

SR FH [ AR AR RE Y-SR (- S5 B B AR AN R
RO LU IS AT HE R PP SR S BORIAS I . AN [
RS LISk e S T, i 1. B 2 s
AR 1 3K 2, 6:4 NEEIIT-k AT A A i 4%
RMEREYIRT 73 B, 7:3 BRI TSk AR A R G
HHERPE R 71 Ff. R 1. £ 2 ATIHEH,
A 9 FREE. 17 Fhlg. 21 FiUE. 13 FhEE. 7 Pk, 5
PR 11 FPERAN 6 FhHABSEAY . A [FIAEE LU A3 A 1k
VIR ASIER YR & 227 R3E (p<0.05), Ik
U, B SRR T RERS, Sk SR I 1 R4 A 1
ViR e SRS . K 3 Gt ot TEA
[ 2 RN ) 4502 A [F SR BRI,
IF1A] 30 min I, JEYEEL 6:4 far HR A i TR LE 723,
Higkyiims, 21513 Fi.

B S 2 ) S AN RE T BH O UK R DT R K
/N, BT TR SR M R R AR A, 3517 OAV
ST Wi 3 fw, WA, HFRE 16 FhE R X
TR B RE . 7R, RS 2L
AR R E R 2 [0 2 KA — RN R TR
B, FAAEREMR BN Tk AE A R 4
KA R, Hp bR B, el be RS
R A e USR5 114 2 i LRI

WPk OAV 73#fr, TERERMH, TREM
O OAV {HiRH, 6:4 HTWE OAV {H v 441, 734
Tl OAV i 4 5.03; 6:4 ZHCEE OAV {5 N 0.86, 7:3
HOME OAV HN 0.99, RIENENTLESHIE
HIEEH. WERENFAE, RN, Wi
JUE I A8 7= A TR A B 0o 88 PR P XU A AR K 1D 52 )
O, TmE R, -3 -3 -T2 2 USR5
BABRRELERRD, 6:4 4 OAV 1A 021, 7:3
H OAV A=A 1.39. HAnA)H 1 2- W OVA {H

K, 6:4 4 OAV 1K 0.48, 7:3 4H OAV {HH 0.46.
RIS EN OB . TRE. 1-F0-3-FE . 2-JRIEM IR X
WRAL BT Sk T B TTER I B IR R T

22 BERNRMR AR AT

W5 ERUR T IR P A e, LA, 4%
RAESR . XTI BRI, I8, BT
RS ESERA R, Blansmm. ek, 68 O
) AR (TR, (B4 N1 54 R 1 Sk %>,
T 2,4 0 T AN AR R S0 o) PR PR R A AR AR
s, (HAESIREE Rl ReS A A RIRIE . 7E
il it I R 2 AR SR, R
e =gl N (TP A = s L Ly s R N B g 2
PIFERME IR T . e —PhekielE, BEAREAM
A0, OO S RN E A DU R R AL A
BEAWAFLER, REBK. WK 2 FrTCIE M
Fi R LSk BRI & 2 SR 2 TR,
T 7:3 HeBIIF=kNEh & 25m, Regr= LRk
FKi .

2.3 BERRER AR H R AT

BESEM o 1)7 A 6 2 e SR AN SR o s A Bl
JREPT, R R AR R A, BT A KA
SOMARN . BRI L ETHREU, AN Tl fE AR
BRHHRERP . B AR T 7= Fok R
WREEADS N, R UATA, A L R Ak
HRE R L IR EESR 5. R B AR U 1R S i A i A
IR SRS, KA A 01 i 2% L EL A IRy SRR,

B AN I, BRI S AT B TEs,
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Table 3 Threshold and OAYV of volatile compounds in pork meatball

A 6:4 7:3
bt 4 AR
/ng/g)  30min 60min 90min 120min 150 min 30min 60min 90 min 120 min 150 min
HiS 452 032 062 077 086 0.65 023 087 0.83 0.99 0.94
. 3 3t 0.10 022 034 038 024 0.18 034 034 040 047
A eSS 120 228 337 345 441 2.81 289 429 420  5.03 3.41
+ B 521 0.04 006  0.04 0.08 025 012 005 0.08 0.12
1-F His-3-85 120 021 020 0.19 009 019 139 038 0.46
sk Alpha-#xhE2 3307 <0.01 <0.01 <0.01 <0.01 <0.01
At ihBE 13 001
4-i% Wi B3 3401 <001  <0.01 <0.01
ETE >500% <001 <001 <001 <001  <0.01 <0.01 <0.01 <001  <0.01
Bk Beta-JRMr 14027 0.04 <0.01  <0.01 008 011  0.07
+=% 2140 <0.01 <0.01 <001 <001 <001 <0.01
Bsk  TETE 00757 0.07 0.93
BE 3-HAAAER 100007 <0.01 <0.01
2- %Mk 61! 0.48 1.27 0.46 0.77
e MR 5520008 005 0.01 0.02 0.23 006  <0.01
HWE 4502370 <0.01 <0.01  <0.01 <0.01 <0.01  <0.01
E R TAREE.

24 7K Xk 4 T E R A

A TAE P L L A5 ) A R I S #8203l
KT 17 b 826, GFEREmE, SRS &
MIELplE R, HpAZske. IECk:. T aim.
FEWIFAE 604 90+ 120 min X =AM B & B AN R
1 R B N U A R B A, R
HYIBE S T R I ORI R G . JRR
AR BEE R, X R DT o e A
(b FIE FDE A BT SR XUk D),

2.5 BER R R L AR AR

B S o7 3 B B AU S S 2R sk
Ao A S AN, A AR RSO0 H A bR
ITTRRES, X EERAH R AR, 1-3205-3-5% 1-
I3 2 FH RS A T A, IR A 2
PR rp R B R R, AR B S PO SRR
1E 6:4 LB An 7:3 L7k = it F v 431
RO 11 P 10 FPEEE, ST RPN, B
JR 2 T BRI o EH IR AT 60 s ) 1]
WISk IR 5 A A ORI, £E 90, 120 min
(RSB Sk Fh A PR RESA O 1) 2 Bk 31 1 T, 4l
RARSINIAE] 150 min, FHERYIR R A KBS
BRI,
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0.19 mg/kg, 7:3 4 1-FG-3-FE 5 &N 1.39 mg/kg: i
FW o ) b A I e TR R R, B AT
IR AR TR E S . RS BRIGZE . J4REEY)
RS IEF- S (I RBRFE AR K. G0 2- R IERRIRE, 7 120
min I} 6:4 458N 2.85 mgke, 7:3 HEEN 2.74
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LI HIZE 120 min B, A% R PR 2
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