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Studying on Flavor Characteristics of Different Grades JinhuaHam

HUAN Yan-jun'-2 ZHOU Guang-hong?* XU Xing-lian? LIU Yang-mint WANG Li-ping*
(1.School of Food Science, Southern Yangtze University, Wuxi 214036, China
2.College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract Flavor study of different grades Jinhua ham was carried out under a SPME (solid phase microextraction)-GC/MS
system, with Biceps fenoris as samples that were taken out randomly from 5 Jinhua hams of different grades. Results showed
that 116 flavors were detected in four grades hams, where as 84 flavors were detected in grade 1 Jinhua ham, while 84 in grade
2, 83 ingrade 3, and 92 ingrade 4, respectively. The flavor compounds could be clustered in the fol lowing chemical families:
alkanesandalkenes, aromatichydrocarbons, alcohols, aldehydes, ketones, carboxylicacids, esters, terpenes, oxygenous hetero-
cycle compounds, nitrogenous compounds, sulphur compounds, amides and amines. Results of the principal component analysis
showed that the first principal component was determined by butanoic acid, 3-methyl butanoic acid, phenol, propanoic acid and
butanoic acid ethyl ester and the second was determined by hexanal, pentanal, 3-methyl butanal , 2-methyl butanal , 1-octen-3-
ol, acetone and 2,3-butanediol . The first and second principal component explained 71.6% and 20.5% of the total variance of
flavors in different grades Jinhua hams respectively. According to the generation pathway of flavors, it can be said that
microorganism is the most important fact or affecting the product grade.
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Table 1 Flavor compounds in Biceps femoris of different grades Jinhua ham (%)
1 2 3 4
1 0.14+ 0.09 0.25+ 0.17 0.11+ 0.03 0.00+ 0.00
2 0.26+ 0.16 0.19+ 0.06 0.14+ 0.05 0.21+ 0.12
3 0.05+ 0.05* 0.00+ 0.002 0.23+ 0.04° 0.71+ 0.08°
4 0.00+ 0.002 0.18+ 0.11® 0.47+ 0.12° 0.00+ 0.002
5 0.60+ 0.36° 0.04+ 0.022 0.03+ 0.022 0.29+ 0.13®
6 0.38+ 0.11%® 0.42+ 0.28* 0.02+ 0.012 0.59+ 0.16°
7 0.00+ 0.002 0.01+ 0.022 0.00+ 0.002 0.19+ 0.04°
8 0.21+ 0.02 0.65+ 0.53 0.10+ 0.04 0.09+ 0.04
9 0.14+ 0.06° 0.00+ 0.002 0.01+ 0.012 0.02+ 0.022
10 0.64+ 0.152 0.09+ 0.03° 0.01+ 0.01° 0.01+ 0.02°
11 0.71+ 0.092 0.02+ 0.02° 0.01+ 0.01° 0.02+ 0.01°
12 2,6- 0.04+ 0.03° 0.00+ 0.00% 0.03+ 0.03%* 0.00+ 0.00%
13 2,6- 0.20+ 0.022 0.05+ 0.01° 0.05+ 0.02° 0.11+ 0.10°
14 2- 0.07+ 0.012 0.01+ 0.01° 0.00+ 0.00° 0.01+ 0.01°
15 1,3- 0.04+ 0.032 0.00+ 0.002 0.38+ 0.05° 0.04+ 0.032
16 3- 0.03+ 0.01 0.06+ 0.11 0.00+ 0.00 0.00+ 0.00
17 0.02+ 0.022 0.00+ 0.00° 0.00+ 0.00° 0.00+ 0.00°
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D
1 2 3 4

3.53+ 1.12 1.97+ 1.15 1.58+ 0.26 2.29+ 0.47

79020836+ 37959525 53020216 + 48758384 53339535+ 7145921 80892552+ 8141559
18 0.57+ 0.27° 0.03+ 0.02° 0.05+ 0.04* 0.41+ 0.15°
19 1,2- 0.69+ 0.17° 0.43+ 0.19* 0.37+ 0.02° 0.61+ 0.16%*
20 0.06+ 0.07 0.05+ 0.03 0.06+ 0.02 0.01+ 0.01
21 1,2,3- 0.02+ 0.00? 0.10+ 0.06° 0.07+ 0.01%* 0.04+ 0.02°
22 4- -1,2- 0.00+ 0.00? 0.00+ 0.00° 0.00+ 0.00? 0.11+ 0.05°
23 0.04+ 0.01 0.04+ 0.01 0.04+ 0.01 0.08+ 0.06
1.39+ 0.46° 0.65+ 0.17° 0.59+ 0.01° 1.26+ 0.29°

30131147+ 10136630* 19222480+ 54566312 20471546+ 50353372 45182725+ 11997830°
24 0.55+ 0.322 2.60+ 1.83® 5.34+ 0.98° 0.00+ 0.002
25 1- 0.00+ 0.002 0.00+ 0.00? 0.09+ 0.00° 0.01% 0.01°
26 1- 2- 0.00+ 0.00 0.17+ 0.30 1.70+ 1.70 0.00+ 0.00
27 1- -3- 0.94+ 0.17 0.84+ 0.57 0.00+ 0.00 0.00+ 0.00
28 1- 1.87+ 1.29 0.27+ 0.46 0.00+ 0.00 0.00+ 0.00
29 1- 0.58+ 0.44 0.72+ 0.55 0.65+ 0.11 1.22+ 0.83
30 2- 0.07+ 0.03 0.03+ 0.02 0.06+ 0.01 0.10+ 0.06
31 1- 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.05+ 0.05
32 1- -3- 3.29+ 0.54° 0.14+ 0.24* 0.00+ 0.00° 0.09+ 0.09°
33 3- -1- 2.51+ 0.67° 1.27+ 1.08® 0.67+ 0.43° 0.04+ 0.05°
34 2- -1- 0.39+ 0.18° 0.20+ 0.12%® 0.05+ 0.03° 0.00+ 0.00°
35 2- -1- 0.54+ 0.40? 0.00+ 0.00° 0.00+ 0.00° 0.00+ 0.00°
36 2- -1- -3- 0.06+ 0.022 0.00+ 0.00° 0.00+ 0.00° 0.00+ 0.00°
37 2- -1- 0.00+ 0.002 0.14+ 0.05° 0.09+ 0.02° 0.00+ 0.002
38 3- -2- 0.00+ 0.002 0.00+ 0.00? 0.10+ 0.05* 0.23+ 0.10°
39 2,3- 1.86+ 0.83 5.24+ 2.11 0.01+ 0.01 0.50+ 0.50
40 0.32+ 0.09? 4.32+ 2.14%® 4.94+ 1.17° 2.86+ 1.15®
41 2- 0.00+ 0.00% 0.00+ 0.00° 0.07+ 0.02° 0.17+ 0.04°
42 4- 0.08+ 0.022 0.12+ 0.01%* 0.17+ 0.02° 0.12+ 0.06%*
43 0.05+ 0.02 0.09+ 0.05 0.08+ 0.04 0.17+ 0.11
12.99+ 1.77* 16.16+ 5.09* 14.02+ 1.96* 5.56+ 0.27°

291052416 + 103301270® 499907477+ 2710106772 476644280+ 72987122% 198647211+ 20489614°
44 5.53+ 1.63° 2.06+ 1.12° 0.78+ 0.08° 0.55+ 0.33°
45 22.02+ 1.86° 17.09+ 1.06® 10.95+ 4.55 6.22+ 1.93°
46 2- 0.13+ 0.12 0.06+ 0.05 0.04+ 0.02 0.05+ 0.05
47 3.00+ 0.682 0.22+ 0.13° 0.21+ 0.09 0.34+ 0.11°
48 2- 0.44+ 0.42 0.34+ 0.30 0.40+ 0.04 0.30+ 0.13
49 0.23+ 0.23 0.12+ 0.09 0.10+ 0.00 0.21+ 0.12
50 2- 0.07+ 0.02* 0.10+ 0.09° 0.10+ 0.00% 0.34+ 0.15°
51 0.23+ 0.06 0.43+ 0.15 0.28+ 0.19 0.23+ 0.10
52 2- 0.31+ 0.19 0.06+ 0.01 0.25+ 0.22 0.42+ 0.26
53 2- 0.88+ 0.81* 0.38+ 0.26% 0.16+ 0.01%* 0.00+ 0.00°
54 2- 5.82+ 1.16° 2.55+ 1.58° 0.88+ 0.31° 0.52+ 0.16°
55 2- -2- 0.00+ 0.00 0.15+ 0.16 0.11+ 0.11 0.17+ 0.10
56 3- 7.88+ 1.80° 4.39% 4.14%® 2.04+ 0.33° 0.83+ 0.36°
57 3- 0.07+ 0.012 0.04+ 0.03® 0.03+ 0.00° 0.02+ 0.02°
58 2- -2- 0.01+ 0.01 0.00+ 0.00 0.00+ 0.00 0.01+ 0.01
59 0.39+ 0.23 0.41+ 0.42 0.00+ 0.00 0.38+ 0.58
47.01% 4.48° 28.40+ 11.29° 16.33+ 6.73 10.57+ 2.66°

1020778311+ 149659064* 814805268 + 170862587 607485298 + 366329499 380829012+ 113080348°
60 5.69+ 2.63* 1.61+ 1.53° 1.54+ 1.54° 3.20+ 0.39®
61 2- 0.97+ 1.69 1.90+ 2.07 0.58+ 0.58 2.24+ 0.81
62 2- 0.81+ 0.31° 0.00+ 0.00° 0.00+ 0.00° 0.13+ 0.14°
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D
1 2 3 4
63 2- 0.58+ 0.24° 0.23+ 0.16° 0.13+ 0.03° 0.32+ 0.13%*
64 2- 0.00+ 0.00 0.01+ 0.01 0.00+ 0.00 0.01+ 0.01
65 3- -2- 0.74+ 0.24° 0.02+ 0.04° 0.00+ 0.00° 0.34+ 0.17°
66 3- -2- 0.00+ 0.00° 0.00+ 0.00° 0.00+ 0.00° 0.24+ 0.24°
67 3- -2- 0.00+ 0.00° 0.16+ 0.28° 0.78+ 0.28¢ 0.00+ 0.00?
68 2- -3- 0.00+ 0.00° 0.63+ 0.56° 0.00+ 0.00? 0.00+ 0.00?
69 3- 0.08+ 0.072 0.03+ 0.02° 0.01+ 0.01° 0.00+ 0.00°
70 2,3- 0.29+ 0.30° 0.00+ 0.00° 0.00+ 0.00° 0.40+ 0.142
71 2,3- 0.81+ 0.56° 0.18+ 0.10° 0.00+ 0.002 0.00+ 0.002
72 2,3- 0.92+ 0.51° 0.00+ 0.00° 0.67+ 0.48° 0.07+ 0.06°
10.90+ 1.02* 4.77+ 1.17¢ 3.70+ 0.88° 6.94+ 0.87°
242722326+ 75647605* 138743136 + 5847153° 133944776 + 61504283° 248822759+ 49708154*
73 6.28+ 0.47* 8.42+ 2.06° 7.67+ 0.83™ 5.00+ 0.28°
74 0.18+ 0.31° 2.14+ 1.79 5.59+ 0.85° 2.46+ 2.46°
75 0.62+ 0.55° 14.63+ 1.25° 22.04+ 4.70° 15.29+ 7.93
76 0.45+ 0.14%® 0.36+ 0.34%® 0.13+ 0.13* 0.72+ 0.20°
77 2.27+ 0.66° 1.68+ 0.47%® 0.87+ 0.172 1.62+ 0.86%
78 2- 0.39+ 0.17 4.56+ 6.93 1.58+ 0.48 1.89+ 1.66
79 2- 2.32¢ 1.21 1.46+ 0.39 0.94+ 0.95 1.80+ 1.33
80 3- 4.44+ 0.62 2.75+ 0.97 3.95+ 0.77 6.84+ 4.18
81 2- -2- 0.00+ 0.00° 0.00+ 0.00° 0.00+ 0.00% 0.04+ 0.04°
82 4- 0.00+ 0.00° 1.36+ 0.30° 0.33+ 0.02° 0.20+ 0.20?
83 0.00+ 0.00° 0.00+ 0.00° 0.00+ 0.00% 1.11+ 0.62°
16.96+ 1.142 37.38+ 7.04%® 43.09+ 7.16° 36.96+ 1.45%®
370972549+ 77164528 1150993435+ 451467539 1458560773+ 200255609 1326324116+ 206073901°
84 0.00+ 0.00° 0.27+ 0.33® 0.47+ 0.03° 0.05+ 0.06°
85 3- -1- 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.27+ 0.27
86 2- 0.26+ 0.10° 0.06+ 0.07° 0.01+ 0.01° 0.00+ 0.00°
87 0.00+ 0.00? 0.34+ 0.22%® 0.58+ 0.26° 0.06+ 0.06*
88 0.00+ 0.00 0.00+ 0.00 0.01+ 0.01 0.01+ 0.01
89 0.00+ 0.00? 3.37+ 1.18® 5.64+ 2.71° 19.65+ 2.03°
90 0.00+ 0.00° 0.10+ 0.06% 0.35+ 0.24° 0.23+ 0.24*
91 0.00+ 0.00 0.06+ 0.07 0.02+ 0.00 0.06+ 0.06
92 2- 0.05+ 0.04 0.08+ 0.05 0.13+ 0.05 0.14+ 0.07
93 3- 0.13+ 0.08 0.16+ 0.18 0.37+ 0.15 0.20+ 0.17
94 0.02+ 0.01° 0.07+ 0.04° 0.10+ 0.02° 0.08+ 0.01°
95 0.00+ 0.00° 0.02+ 0.02%* 0.03+ 0.02° 0.02+ 0.02%*
0.46+ 0.20° 4.51+ 3.80% 7.71+ 2.43° 20.78+ 2.02°
9507427 + 2152722° 142753095+ 116324995 282503100+ 148089379° 745112001+ 136045344°
96 0.04+ 0.01 0.03+ 0.02 0.03+ 0.01 0.03+ 0.03
863180+ 240724 858290+ 300065 1138067 + 148494 847939+ 805767
97 0.3+ 0.04 0.27+ 0.14 0.29+ 0.09 0.32+ 0.11
98 5- -2-(3H) 0.36+ 0.21 0.09+ 0.16 0.11+ 0.10 0.28+ 0.33
99 5- -2-(3H) 0.02+ 0.04° 0.00+ 0.00° 0.00+ 0.00% 0.17+ 0.06°
100 5- -2-(3H) 0.03+ 0.03° 0.03+ 0.01° 0.02+ 0.01° 0.08+ 0.01°
101 5- -2-(3H) 0.02+ 0.02° 0.03+ 0.01%* 0.02+ 0.01° 0.07+ 0.04°
102 1,3- 0.05+ 0.01 0.05+ 0.02 0.05+ 0.01 0.21+ 0.17
103 4( )-2H- -3- 0.00+ 0.00° 0.00+ 0.00° 0.00+ 0.00? 1.54+ 0.47°
0.78+ 0.31° 0.46+ 0.18° 0.48+ 0.12° 2.66+ 0.15°
18082669 + 10660741° 14136030+ 7275577% 15945230+ 1843608° 94809573+ 9214631°
104 2,6- 1.65% 0.09* 0.00+ 0.00° 0.82+ 0.21° 2.98+ 0.31¢

105 0.51+ 0.28 0.17+ 0.06 0.29+ 0.06 0.52+ 0.44
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(G
1 2 3 4
106 0.28+ 0.16 0.14+ 0.07 0.15+ 0.06 0.18+ 0.09
107 0.00+ 0.00 0.00% 0.00 0.11% 0.11 0.00+ 0.00
2.43+ 0.45° 0.31+ 0.12° 1.37+ 0.22° 3.67+ 0.48¢
54804099 + 21910457° 9445988+ 3989751° 46357166 + 6609101 130330008+ 10452391°
108 0.51+ 0.27° 1.25+ 0.90° 3.64+ 0.76° 1.05+ 0.15
109 0.46+ 0.16° 0.84+ 0.41° 1.95+ 0.55 0.89+ 0.142
110 0.97+ 0.89 1.12+ 0.16 1.69+ 0.55 1.28+ 0.86
11 1,4- 0.00% 0.00° 0.00% 0.00? 0.03+ 0.03° 0.00% 0.00°
1.94% 0.78° 3.21+ 1.13° 7.31+ 1.88° 3.22+ 1.16°
44732472 + 276352807 99881029 + 46498086° 265456503+ 126550988 119749108+ 59150358°
112 0.00% 0.00° 0.00% 0.00? 0.00% 0.00° 2.24% 0.69°
113 0.00% 0.00° 0.53+ 0.922 0.00% 0.00° 1.66% 0.16°
0.00+ 0.00° 0.53+ 0.922 0.00+ 0.00? 3.90+ 0.55
0+ 0.00° 19368668+ 33547517° 0+ 0° 141249804 + 39506050
114 0.00+ 0.00 0.05+ 0.03 0.04+ 0.02 0.08+ 0.08
0+ 0 1544303+ 898489 1562553+ 1001373 3134167+ 3291857
115 0.37+ 0.52 0.14+ 0.10 0.12+ 0.12 0.00 0.00
116 0.00% 0.00° 0.02+ 0.020 0.00% 0.00? 0.00% 0.00°
0.37+ 0.52 0.16+ 0.11 0.12+ 0.12 0.00 0.00
6870927+ 8854893 5149624+ 3618255 3404137+ 3023980 0+ 0
1.22+ 0.20° 1.42+ 0.86® 3.63+ 2.06° 2.11% 0.83*
27348219+ 9446686° 39651607 + 16426753 114499366+ 41844926° 72621266 + 18648113
100 100 100 100
2196580408+ 480931985 3009356093+ 621293472 3481012985+ 906970338® 3587427318+ 542622407
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Fig.1  Principal component analysis of flavor compounds in
Biceps femoris of different grades Jinhua ham
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