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Effects of Different Cooking Methods on Volatile Flavor
Compounds in Beef

LIU Yang, HUANG Jia, JIA Hongfeng', FANG Xiaowei, LONG Juyi, LAN Ning

(College of Food Science and Technology, Sichuan Tourism University, Chengdu 610100, China)

Abstract: In order to study the effects of different cooking methods (frying, steaming and boiling) on the volatile flavor
compounds in beef, solid phase microextraction (SPME) combined with gas chromatography-mass spectrometry (GC-MS)
was used to analyze the volatile flavor compounds of beef. GC-MS method was used to isolate and identify volatile flavor
compounds in beef samples treated with different cooking methods. The results showed that 114 volatile flavor compounds
were isolated and identified from beef samples treated by different cooking methods. The ways of cooking had significant
effects on the volatile flavor compounds of beef, among which frying had the strongest effect, followed by steaming, and
boiling had the slightest effect. A total of 61 compounds were detected in raw beef, while 59, 33 and 60 compounds were
detected in steamed beef, fried beef and boiled beef, respectively. There were 14 volatile flavor compounds in common in
raw beef, steamed beef, fried beef and boiled beef, which were listed in the following: 2-hydroxy-pentanoic acid methyl
ester, hexanoic acid, dimethyl-silanediol, 1-octene-3-ol, 1-pentanol, nonanal, decanal, hexanal, tetradecanal, octanal,
acetone, 2,3-octanedione, 3,7,11,15-tetramethylhexadiene-2-ene, methoxy-phenyl-oxime. The main volatile flavor com-
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pounds in raw beef were hexanoic acid ethyl ester and hexanoic acid (the relative contents were 16.15% and 11.17%,

respectively). The main volatile flavor compounds in boiled beef were nonanal and 2, 3-octanedione (13.44% and 11.94%,

respectively). The main volatile flavor compounds in steamed beef was hexanal (relative content was 44.89%). The main

volatile flavor compounds in fried beef were formaldehyde, nonanal and hexanal (19.49%, 17.66% and 9.58%, respec-

tively). The results of principal component analysis (PCA) showed that esters, hydrocarbons, acids and aldehydes might be

the main factors affecting the differentiation of volatile flavor compounds in different samples. The results from this study

would provide a technical reference for beef processing.

Key words: gas chromatography-mass spectrometry (GC-MS); cooking method; beef; volatile flavor compounds; principal

component analysis (PCA)
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Table 1 Relative contents of volatile flavor compounds in beef samples treated with different cooking methods

K W gt FTE )
AN EEW EEN B4R
1 C\ R Z.Fik (Hexanoic acid, ethyl ester) 16.15 — — —
) 1,2-78 " H i L (2-F L 6 ) i (1 ,2-Bzrs1tzeerr;edicarboxylic acid, bis(2-methylpropyl) 275 0.18 396 o
3 + =& .15 (Ethyl tridecanoate) 1.48 _ _ _
4 HRF ik (Formic acid, octyl ester) 1.15 0.61 0.78 —
5 2,2,4- = H13-1,3- I i 5 T W2 (2,2,4-Trimethyl-1,3-pentanediol diisobutyrate) 1.08 — — 0.09
6 (E)-9-1/\ ¥R 215 ((E)-9-Octadecenoic acid ethyl ester) 0.49 _ _ _
7 2-$2 5L IR HY 6 (Pentanoic acid, 2-hydroxy-, methyl ester) 042 0.09 0.64 0.15
8 WPIMER Z. 16 (Linoleic acid ethyl ester) 0.41 _ _ _
TARR2- W JE-3-320-2,2 4- = WU BEE (Propanoic acid, 2-methyl-,
9 3-hydroxy-2,2,4-trimethylpentyl ester) 0.38 o o 0.09
fis 10 T 416 (Butyrolactone) 0.25 0.08 — 0.08
11 1,5-ZH BE-1- 20 d-4- T PR O LR (1,5-Dimethyl-1-vinyl-4-hexenyl butyrate) 0.21 — — —
12 Wk 2.1 (Octanoic acid, ethyl ester) 0.09 — — _
13 [-75 1 H i (Hexadecanoic acid, methyl ester) 0.08 — — _
14 PR IR (Allyl heptanoate) _ 0.41 _ 1.45
15 CLiR2-P9 iR (Hexanoic acid, 2-propenyl ester) — 0.28 _ 0.87
16 ZRI5 1M (Linalyl acetate) — 0.17 — 0.21
17 Hilh1,2- = Z R (Glycerol 1,2-diacetate) — 0.11 — 0.16
18 1FE 2 iR 438 (n-Caproic acid vinyl ester) _ 0.04 _ 0.07
19 + 7512 2.1k (Hexadecanoic acid, ethyl ester) — — 0.81 0.22
20 S, [ a-9,12-+ /N8 RS (trans, trans-9, 12-Octadecadienoic acid, propyl o - o 0.08
ester)
NTe 24.94 1.97 5.49 3.47
21 L% (Hexanoic acid) 11.17 0.71 2.12 1.37
22 TE+ 75 (n-Hexadecanoic acid) 9 _ _ _
23 ~+PYfiR ( Tetradecanoic acid) 5.18 0.02 — —
24 7% (Octanoic acid) 1.58 0.23 — 0.29
25 T2 (Butanoic acid) 0.7 0.14 — 0.15
26 J#i2 (Heptanoic acid) 0.69 _ _ _
R 27 T-#% (Nonanoic acid) 0.67 0.14 — —
[ivES " L
28 Ji#R (Acetic acid) 0.53 0.08 _ _
29 JH#Z (Oleic Acid) 03 — _ _
30 R (Dodecanoic acid) 0.28 — — —
31 2 HI 2 (Benzoic acid) 0.15 — — —
32 =& (Tridecanoic acid) 0.03 — _ _
33 2,4-T- % (2,4-azelaic acid) _ 0.08 — —
34 2-Z. % CU R (Hexanoic acid, 2-ethyl-) — 0.07 — 0.22
I 30.28 1.47 2.12 2.03
35 L FARE(Cedrol) 4.12 — — —
36 J5kEE (Linalool) 1.79 0.33 — 0.38
37 TR BR B (Silanediol, dimethyl-) 1.68 1.08 1.67 1.25
38 1-3Ffi-3-E%(1-Octen-3-o0l) 1.46 3.61 1.56 5.6
39 1-+ % (1-Dodecanol ) 0.73 0.17 — 0.27
40 1-CLB(1-Hexanol ) 0.69 0.77 — 0.5
41 1-/% 8 (1-Pentanol ) 0.3 1.51 0.39 2.05
ik 0 1-B#(1-Heptanol ) 0.27 — — —
43 1-T-®(1-Nonanol) 0.21 — — —
44 2-(2- LI LI ) - £ B (Ethanol, 2-(2-ethoxyethoxy)-) 0.19 0.13 0.66 —
45 1E+75E(1-Hexadecanol ) 0.18 — — _
46 2K i (Benzyl alcohol ) 0.17 — — —
47 2,24 X £, B (Ethanol, 2,2'-oxybis-) 0.14 — — —
48 1-(2- T FE L E %) -2 (Ethanol, 1-(2-butoxyethoxy)-) 0.14 — — —

49 2-34%-1-BE(2-Octen-1-o0l) — 0.45 — 0.78
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K5 o sk AHXT (%)
HEAR EFR MERR BFR
50 [R-(R*, R*)]-2,3- T —_F%(2,3-Butanediol, [R-(R* R*)]-) — 0.17 — —
51 2-(F e HE ) 21 (Ethanol, 2-(dodecyloxy)-) — 0.12 1.4 _
52 —+ DU (1-Tetradecanol ) — 0.06 — —
53 a-FA i E% (alpha-Terpineol ) _ 0.04 _ 0.06
54 1F T (1-Butanol ) — 0.02 — —
55 1E+ T (n-Pentadecanol ) — — 0.57 —
56 TE¥E(1-Octanol ) — — — 0.9
57 1,4- T —[¥%(1,4-Butanediol ) _ _ _ 0.17
58 2-(2-THE AL A 5E) £ (Ethanol, 2-(2-butoxyethoxy)-) — — _ 0.09
/Nt 12.07 8.46 6.25 12.05
59 7% 8% (Benzaldehyde) 3.11 4.58 — 6.5
60 T-f#% (Nonanal ) 227 8.7 17.66 13.44
61 24 (Decanal ) 1.64 0.87 0.49 1.66
62 C\ % (Hexanal) 0.88 44.89 9.58 9.15
63 - DU (Tetradecanal) 0.88 0.63 0.98 0.78
64 Y (Octanal ) 0.47 2.7 323 7.25
65 L X5l (Heptadecanal ) 035 0.17 _ 0.42
. 66 (E)-2-3¢fl% (2-Octenal, (E)-) — 0.77 — 0.85
- 67 HIERE (Furfural) — 0.27 — 1.01
68 2- 5P 3k -5-H L 17X Bt Jik -4- 7T (2-Isopropenyl-5-methylhex-4-enal ) — 0.18 — —
69 (E, E)-2,4-%% —Jfil#% (2,4-Decadienal, (E,E)-) — 0.11 — 0.19
70 (E, Z)-2,4-%% —J#1¥ (2,4-Decadienal, (E.Z)-) — 0.04 — 0.05
71 Hi % (Formaldehyde) — — 19.49 _
72 FrigE (Citral) — — — 0.3
73 (E)-2- )% (2-Dodecenal, (E)-) — — — 0.19
74 + =% (Tridecanal) — — — 0.13
/N 9.6 63.91 51.43 41.92
75 6,10- - 3-5,9-+—4-2-Mi (5,9-Undecadien-2-one, 6,10-dimethyl-) 1.23 _ _ _
76 PN (Acetone) 0.8 0.62 1.82 0.68
77 2,3 i(2,3-Octanedione ) 0.46 7.55 0.7 11.94
2,6- U T He-4-F2 Ke-4- 1 BB O -2, 5- — M- 1-1 (2,6-Di-tert-butyl-4-hydroxy-
78 4-methylcyclohexa-2,5-dien-1-one) 0.45 - - 0.07
79 6-H F-5-Pi-2- i (5-Hepten-2-one, 6-methyl-) 0.28 _ _ 0.1
80 1-( Z k4L ) -2- TN R (2-Propanone, 1-(acetyloxy)-) — 0.32 1.05 0.58
eSS 81 2-H 3£-3-2(3-Octanone, 2-methyl-) — 0.28 _
82 (2)-6,10- 1 3£-5,9-+—4-2-fifi (5,9-Undecadien-2-one, 6,10-dimethyl-, (Z)-) — 0.12 — 0.28
% 3-F3-6-(1-H1 $£ 23 ) -2-FF O~ 1- (2-Cyclohexen-1-one, 3-methyl-6-(1- - o1 - -
methylethyl)-)
84 2-J#{ili (2-Heptanone) _ _ 0.18 _
85 2-+ =M (2-Tridecanone) — — — 0.09
86 3-T-#%-2-fili (3-Nonen-2-one ) _ _ _ 0.05
87 2-T-fi(2-Nonanone) — — _ 0.04
/Nt 3.22 9.01 3.75 13.83
38 3,7,11,15-PU B L2 —03-2-4%(3,7,11,15-Tetramethylhexadiene-2-ene ) 0.29 0.21 0.56 0.34
4,11,11-=H FE-8-3F FH JE-XUIAR[7.2.0]-4- 1 —/f (Bicyclo[ 7.2.0]undec-4-ene, 4,11,11-
89 trimethyl-8-methylene-) 0.26 - - -
90 Bt (Heptane) — 3.05 — _
91 Fr4%i (D-Limonene ) — 2.79 0.72 4.59
92 G 7 # (Caryophyllene) — 0.62 1.13 0.92
Es 93 3-Z.5E-2-H13E-1,3-C —#(1,3-Hexadiene, 3-ethyl-2-methyl-) — 0.28 — 0.37
[R-[R*, R*-(E)]]-3,7,11,15-P4 F J-2-75 45 (2-Hexadecene, 3,7,11,15-tetramethyl-,
94 [R[R*R*-(E)]}-) — 0.17 — 031
95 (E)-2-%4# ((E) - 2-decene) — 0.12 — 0.13
96 [ F k¢ (Pentadecane ) — — 1.54 _
97 1--—H4(1-Undecyne) — — 0.64 —
98 2,4- " 3E-1-34 45 (1-Decene, 2,4-dimethyl-) — — — 0.16
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/Nt 0.55 7.24 4.59 6.82
99 2K} (Phenol ) 0.07 — _ _
[iES 100 Yot B (p-Cresol) 0.24 — _ _
101 (E)-2-T- 3£} (2-Nonenal, (E)-) 0.11 0.38 — 0.45
I 0.42 0.38 0 0.45
102 A OR3-S (Oxime-, methoxy-phenyl-) 4.78 0.55 1.2 0.72
103 1,2,4,5-P4 H 3% (Benzene, 1,2,4,5-tetramethyl-) 0.55 — — —
104 Z%(Naphthalene) 0.1 — — —
105 T 75 1% ( Anethole) 0.09 — — —
106 1,2,3,4-VU FH 375 (Benzene, 1,2,3,4-tetramethyl-) 0.02 — — —
107 2-J%FE- (Furan, 2-pentyl-) — 0.61 — 2.1
Hfe#m 108 TR (Diallyl disulphide) — 0.16 _ 0.16
109 2,5-—H ZLnL BE (Pyrazine, 2,5-dimethyl-) — — 22 —
110 3-2.3-2,5-— HI Sk 1% (Pyrazine, 3-ethyl-2,5-dimethyl-) — — 1.28 —
111 FH BEn B2 (Pyrazine, methyl-) _ _ 0.71 _
112 2-2,35&-6-H JE-1lL R (Pyrazine, 2-ethyl-6-methyl-) — — 0.7 _
113 2,6-—HJLnk % (Pyrazine, 2,6-dimethyl-) — — 0.68 —
114 2-2.%k-5-FA BLME % (Pyrazine, 2-ethyl-5-methyl-) — — 0.57 —
/it 5.54 1.32 7.34 2.98
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Table 2 Types of volatile flavor compounds in beef samples
treated with different cooking methods
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Table 3 Variance contribution value of the principal
components of eight volatile flavor compounds in samples

By FFAEAEL EES HEBUTR (%)
4.737 59.209 59.209
2.849 35.616 94.825
3 0414 5.175 100.00
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Table 4 Principal component loading matrix of eight volatile
flavor compounds in samples
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