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Effect of Different Cooking Times on Volatile Flavor Components in Beijing Spiced Beef

GONG Hui, YANG Zhen, SHI Zhijia®, LIU Meng, TAO Rui, QU Chao, XU Dian
(Beijing Key Laboratory of Meat Processing Technology, China Meat Food Research Center,
China Meat Processing and Engineering Center, Beijing 100068, China)

Abstract: The volatile flavor components in Beijing spiced beef during 4 different cooking times were extracted and
identified by purge and trap thermal desorption (P&T-TD) combined with gas chromatography-mass spectrometry (GC-MS)
in an effort to determine the optimal cooking time to achieve the best flavor. A total of 93 volatile compounds were identified
in Beijing spiced beef during cooking for 1, 2, 3 and 4 h. The numbers of volatile compounds identified at 4 cooking times
were 60, 60, 69 and 60, respectively, and 36 compounds were common to four samples. Ketones and esters reached a peak
at 1 h, alcohols, phenols and heterocyclic compounds reached a peak at 2 h, hydrocarbons exhibited the highest value at 3 h,
and aldehydes and ethers reached the highest value at 4 h. At the same time, the composition of volatile flavor compounds in
the samples was analyzed with e principal component analysis and comprehensive factor scores. The results showed that the
2 h-cook sample gained the highest comprehensive score. In term of volatile flavor analysis, Beijing spiced beef had better
flavor in two-hour cooking.

Key words: Beijing spiced beef; purge and trap thermal desorption (P&T-TD); gas chromatography-mass spectrometry
(GC-MS); volatile flavor components; principal component analysis (PCA)
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Total ion current chromatogram of Beijing spiced beef during

different cooking times by GC-MS
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Table1 Identification and relative quantification of volatile compounds in Beijing spiced beef during different cooking times
i feady R - it a &

Hmin L KLgk WE g Ih 2h 3h 4
285 24-ZRECL 2 4-dimethyl-hexane 799 MS - - - 045£0.02
289 i octane 800 80 MS\RLO  IL64E01Y 1732006 036200’ 1.27£0.08°
330 Rk {oluene 819 815 MS. RO 095£0.11° 059£003 0173005 0191004
565 T nonane 900 900  MS\RLO 039£0.12 - - -
590 Kk ethylbenzene 850 908 MS. RL, O - 0.2310.06 - -
615 Lt 3 o-xylene 979 96 MSVRLO  041£006 041009 - -

R 6.16 13- 1.3-imethyl-benzene 916 MS - - - 0.2620.14
6.17 W% p-xylene 917 MS. 0 - - 0133002 063+008°
689 LS. (LFEZE) TABLOA-2HE  2-methyl-5-(1-methylethy)-bicyclo[3.1.0]hex-2-cne 939 MS - - 2320200 0635015
701 ol -pinene 945 93 MS. RL 0O - - 402021 1712014
3 LI styrene 984 953 MSVRL O 045£018" 04910207 0274020 0584038
7.64 il camphene 954 93 MS\RL O - 0455018 02830200 0762021°
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Hlinin L RLgh TE Ih 2h 3h 4
841 2-ZIERS 2,2-dimethyl-decane 988 MS - 0282020 0112007 -
863 -k fpinene 994 9 MS.RLO - - 1502024 041£0.15
8.77 KT f-phellandrene 1059 999 MS.RLO - 0523018 IB6E03T 35102
881 i decane 1000 1000 MS\RLO 0412014 095031 - -
943 R f-myreene 1020 1020 MS.RL O - - 6661023 0792037
947 Kl o-phellandrene 109 1008 MS.RLO - - 0602031 0652022
1013 4Bl decarene 10M 100 MSRLO 042022 00018  LEOX036  091x027
1043 Dfitilh D-limonene 1056 102 MSRLO 053015 131203 869x018 2742025
1097 H-RREE 1-methyl-2-(I-methylethy)-benzene 1069 MS - 0363021 IS0 0591006
. 1125 ARUERTE 1-methyl-1-phenylethyl-hydroperoxide 1081 MS 1241033 - - -
A 1139 (2) 3)-ZRE1L3 6 =0 (2)3.1-dimethyl-1.3 6-octatriene 1083 MS 054£0.18° - 0275006 -
1233 R4 (LRRRE) Foh 1-methyl-4-(1-methy! ethylidene)-cyclohexene 1113 MS - 024018 071£019 0252008
1493 +% dodecane 1200 1200 MS. RO - 051202 009004 -
16.12 STHIH 5-butyl-nonane 12 MS - 032£0.17 - -
1939 PREAER 2-methyl-tridecane 1382 MS - - - 026+0.08
1957 P I-docosene 1386 MS 0532006 - 0202004 05120.10°
2033 =5 tridecane 1300 1300 MS\RLO 1254022 - - -
2059 % 1-methyl-naphthalene 1318 MS 1224014 - - -
218 Fith caryophylene 1428 145 MSRLO 0472017 - 0382015 022007
0.8 Tk pentadecane 1500 150  MS\RLO 053014 0294013 - 0.18£007
178 VRE-ETR 2-methyl-butanal 79 160 MSCRL O 2524031 42403 L2018 SHE03
248 & pentanal 78 6 MSVRLO 0642012 0533009 022004 13002
51 o hexanal 887 881 MSVRL O 611x034  37E00F 1250010 10032037
831 e heptanal 988 98 MS.RL O  291£008  09%004 0452009 1902023
1123 R henzaldehyde 1086 1078 MS.RL O - L9031 0632022 12£015°
1155 7] octanl 10% 108 MSRLO  I®F024 1265020 050U 1492047
1404 (B) 2-3Higs (E)-2-octenal 1174 170 MS,RLO 0372021 0252006 009004 -
ik 1426 KL benzeneacetaldehyde 1178 MS 0.34£0.18" 0342020 0183004 0182007
1464 T# nonanal 1192 1190 MSRL O 299%012  194R015  LO3ERO0F  200:008
17.00 (E) Tl (Ey2-nonenal, 1282 138 MSRLO 062018 - - -
17.56 b decanal 1296 1248 MS,RLO 0512004 0362010 - -
19.80 (E) 254k (E)2-decenal 191 1290 MS.RLO 030201 - 01£008 0362009
2105 4REERTR 4-methoxy-benzaldehyde 1381 MS 0942024 122028 0572008 0832017
254 3D TR 3-phenyl-2-propenal 1397 MS 048007 - - -
n4 2 2-undecensl 1455 1466 MS\RLO 0444014 - - -
3000 il tetradecanal 1914 1896 MS, RI 0791038 024£012% 013008 0331024
347 1 A0-Fid 1-hydroxy-2-propanone 81 MS - - 00950027 025+0.16°
457 RESTH 4-hydroxy-2-butanone 851 MS 0.79£021 - - -
B g 25 2-heptanone 982 9% MS.RLO - 0312009 - -
14350 118 2-nonanone 1186 1186 MS.RL O - 0242008 0092002 -
1497 it thujone 1201 MS 0321008 0372016 0202003 -
318 LB acetic acid 791 81 MS.RL O - - 025006 -
) ) FHELR isoamy! lactate - - - 3620,
Bk 40 RIEAR 11 848 MS 156204
1146 VRERTR 2-aminobenzoate 1085 MS 078027 1574035 2305035 L4R025
3180 NEHR tetradecanoic acid 2045 MS 047H024  0352016"  0LIZ00T  026019"
418 3L TH 3-methyl-1-butanol 844 §47  MSVRLO 46610277 706033 0880147 083402
1103 iy eucalyptol 1071 MS, 0 06810.1F 1553032 056+008° L4202
1307 2LHCE 2-ethyl-I-hexanol 1138 MS 092017 0732012 0202009 0332011
1384 cis-p-{hilEE cis-f-terpineol 1175 1164 MS.RL O - 042008 0152005 -
4 ¥ -octanol . RL 153202 3120, 13204 1920,
Bk 14 R I-octanol 1075 1183 MS,RLO 0532020 0312008 0132006 0192011
1484 bij finalool 1198 MS 069+025° 138036 0952027 1275041
1541 RS R CIBL0) OB 2-methyl-5-(1-methylethy)-bicyclo[3.10Jhexan-2-ol 1209 MS 0332008' - 0212006 0272009
1541 |- RE-R-2 I AL 1-methyl-4-(1-methylethyl)-, trans-2-cyclohexen-1-ol 1209 MS - 026£0.10° 0222007 0282007
1674 4R 4-carvomenthenol 1234 MS IBH018 2041027 13BE03 134H04
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1709 AR phenylethyl alcohol 1m 1240 MS\RLO 1882035 22240200 065H01°  126H0IT
Lo i p-menth-1-en-$-ol 1289 151 MS,RLO 07035 0821017 0161010 022009
Bx 1840 4-Z R EE 4-trimethyl-benzenemethanol 1264 MS 0.290.06 - - -
1973 20-Z R 2,2-dimethyl-L-octanol 1288 MS 074£0.13° - 0132005 -
486 (§) LAETRLE (8)-2-hydroxy-propanoic acid, ethyl ester 871 MS - 042£0.16 - -
1210 HELRR acetic acid, sec-octyl ester 1106 MS - 0341008 0102002 -
1945 LHiKK T bomny acetate 1283 MS - - 0.19+0.04 -
B s 9 BRI TR (Z)9-octadecenoic acid, methyl ester 1612 MS - - 0BE00F 0474002
3114 Wk HR-RTE 1,2-benzenedicarboxylic acid, bis(2-methylpropyl) ester 1758 MS 105021 0694033 0305005 061018
3190 AE-HHTHR dibutyl phthalate 179 MS 204 1562031 0702009 142022
391 A R 1,2-benzenedicarboxylic acid, diisooctyl ester 1833 MS 0332009 - - -
1625 B didecy! ether 124 MS 0443006 0474012 025009 0272002
BE R R E AR estragole 191 1244 MS,RLO 1612029 424035 SOH0IT 64024
2008 RAHER 1-methoxy-4-(1-propenyl)-benzene 1295 MS 373031 15034036 14301027 16782021
1574 i phenol 1m 1215 MS\RLO  038£0.12 - - -
L SR cis-1, 2-diydro catechol 1216 MS 0451010 07520200 015003 0.19+006°
09 TEM eugenol 1500 1503 MS,RLO 6002028 964037 641E009  927£02%
738 2HEHEA (R 4R (E)-2-methoxy-4-(1-propeny)-phenol 1607 MS 0495001 0750200 0362016 06320167
3l ZREHR disulfde-dimethy] 79 808 MSVRL O 327x001 2072008 0262005 1722009
40 it propanamide 867 MS - 0372024 - -
084 2- TR 2-pentylfuran 103 MS - 0441013 0202003 0452009
9% ZRE R dimethyl-tisulfide 1038 137 MSRLO 2632026 142018 0BL0T 1942030
ket 1316 iEES 8 methoxy-phenyl-oxime 1141 MS LME008 LME0IS 0BE00T  047H00°
KRR 1363 3 (RE3IEE) e 3-(d-methyl-3-penteny))-furan 1157 MS - 033007 0091002 -
1591 ekl cyclo hexane methylamine 1218 MS - - 0.0910.04 -
19.2 I benzothiazole 1207 1277 MSRLO 259017 6061038 0891031 19013
2123 23 HEE ARG 2,3-dimethoxy-benzenemethanamine 1386 MS 0424009 - 010003 -
it SASTHOTA OLSOE06S  8967H09T 95502044
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Table2 Changes in the composition and relative contents of compound
classes in Beijing spiced beef during different cooking times
- 1h 2h 3h 4h
” WA WAEM MR RWARh BN WWAE% BN MRAEN
% 15 20005068 16 9380177 20 41306 2 17512031
% 15 2WE0I7 12 16851035 12 663F01T 11 24882033
% 2 LHE00S 3 09%000° 3 038£00F 1 0253003
Fik 215009 2 L9008 3 266%0.10° 356+0.15°
[z 1 B0 10 16812013 12 557R009 10 713H0U5
A 3034901 4 3012058 5 142008 3 224010
% 3OST8R03 3 19H03F 3 1958015 3 2329%037
% 4 IREE 3 ILMR02E 3 TR0 3 1009%022
JOR A 5 10354006 7 11752025 8 209H057 5 65TH030

4 ANFES A 10 B UL ERERYI A T, WA S
EAEERE, MR AMNEEERES, W44
BT R) PR RE o T 2R P B AR AN K, (HRE TR B 22
S BER T EORIET MR A BEAR LA R FER I
Strecker [ ff [ B, BIE K 25K, ARG 3 B4
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AR IR T 7 2 B IE R KRR, B R 5 4008
KRR AES RS P AR S A A K E R, XAl
RE5 B S Rl o AN [P 28 R A I R TS0 26 5 L AE AR R )
FRBRAFA K.
2.1.5 Bk By G AR R UK R4 AR Ak A3 #T
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FIRT )\ A ST LR, BTN A R R
hn, BRI A2 b S LT R AR S B NI 3 £
4 hf b B L2 WA S AR S A T, (H AR AR

Wy KAk & VI AR S B D, (HAHT & BRI TET % LA
by UEEH O RBRTTER A . T A BRI T T A
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Table3 Eigenvalues, contributions and cumulative contributions of
the first 3 principal components
ER%) WISHRHEAS TUBREE /% AP TR E %
1 5.476 60.844 60.844
2.624 29.160 90.004
3 0.900 9.996 100.000
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Table4 Principal component eigenvectors and loading matrix
PCI PC2 PC3
JLammE B HHERE  BE RERE e REnE
R —0.780 —0333 —0.624 —0385 0049 0052
2 0533 0228 0491 0303  —0.689 —0.727
RS 0900 0385  —0412 —0255  0.143  0.151
[ES —0.749 —0320 0632 039  —0.197 —0.208
[ES 0920 0393 0099  0.061 0380 0.401
% 0982 0420  —0050 —0.031 —0.I81 —0.190
itk —0.593 —0253 0741 0457 0316 0333
% 0316 0.135 0904  0.558 0288 0.304

KA BRI 0975 0417 0214 0.132 0.055  0.058
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Y,=—0.333X,+0.228X,40.385X,—0.320X,+0.393X,+
0.420X,—0.253X,+0.135X,+0.417X,

Y,=—0.385X,+0.303X,—0.255X,+0.390X,+
0.061X;—0.031X,+0.457X,+0.558 X, +0.132.X,

Y,=0.052X,—0.727X,+0.151X,—0.208X,+0.401.X,—
0.190X,+0.333X,+0.304X,+0.058X,
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BV BRHE R R, TS RIS HA ANFE & o T
2, IFESHIR. £Y=0.608Y,+0.292Y,+0.100Y,it 5 H
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Table5 Comprehensive scores of principal components after standardization
R 1A/ JB=ES Y, Y, YA
1 —0.227 —0.528 —0.930 —0.385
2 —0.166 1.034 0.433 0.244
3 —1.771 —0.912 0.429 —1.301
4 —1.164 0.719 —0.665 —0.565
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