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Abstract: To identify the tastant compounds contributed by 13 commonly used spices to stewed beef products, reveal the effects of these
spices on the taste of stewed beef, and provide technical data supporting the scientific formulation of spices to best preserve stewed beef and
optimize its taste, this research analyzed 13 spices, including Chinese pepper, clove, and licorice using beef shanks. An electronic tongue
(E-tongue) was applied to record the impacts on taste of cooking stewed beef with each spice. High-efficiency liquid ultra-high performance
liquid chromatography-mass spectrometry (UPLC-MS/MS) was conducted to identify taste compounds in spice mixture extracts and cooking
sauce extracts when stewed beef'is cooked with spice mixtures and brine. The taste compounds that each spice contributes to stewed beef have
been identified and quantitated. The E-tongue results reveal that licorice, cinnamon, star anise, chili pepper, and cloves contribute most
prominently to sweetness; cumin can, to some degree, enhance savoriness; angelica dahurica, grass fruit, and bay leaf exert obvious effects on
bitterness. The UPLC-MS/MS results suggest that the spices impart 22 classes of non-volatile compound to stewed beef, among which 8
compounds are associated with distinct tastes. Neohesperidin, glycyrrhizin, and acetophenone impart a sweet
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taste; naringin, isoquercitrin, hesperetin, chuantong, and astragalin impart a bitter taste. In short, spices can impart different tastes to stewed beef,
including sweetness, savoriness, and bitterness. The effects of different spices on the taste of stewed beef vary. The taste compounds that spice
mixtures impart to stewed beef are mainly flavonoids, including neohesperidin, glycyrrhizin and isoquercitrin.
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75 b8 P B 9.04 C12HsO4 216.042 16 HaF X
76 R AL 9.21 Ci6H140s 286.083 84 HaF £
77 FHHE R P B 9.34 CisH1604 260.104 80 HaF X
78 7-5 T AR E 10.28 CisH1405 230.093 99 HaFE X
79 AL A B 10.50 CiHi1007 314.043 02 i
80 FAREm 11.41 CiHeO4 202.026 57 A
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81 BRAT 3 & 11.41 CisH1404 270.088 90 HaF X
82 FECAT & 12.23 Ci6H1404 270.088 91 a4k
83 HhFHE 15.31 CotH04 338.151 63 ek X
84 Brgh 1.50 CsHsNs 135.054 52 EXV TS
85 BB ok 1.60 CsHsNsO 151.049 51 EXVEES
86 K& A 2.07 CioH1sNO 165.11546 EXIES
R
B3 ot AR A% 8 B¢ 18] /min 2T X S»¥=E i £ A
87 N- 7 A I 2.44 CiHisN2O 204.126 26 XY TS
88 IR AR 4.10 CioH21NO;4 327.146 79 & ek
89 R Z 708 4.19 C20H23NO4 341462 71 EXVT TS
90 F A, 434 CioH23NO4 329.162 45 EXVI S
91 F I AN 5.09 CioH17NO4 323.11555 EXVIES
92 2 BR 5 A A%, 5.37 CaoH24CINOy4 150.067 88 LRI
93 AR 5.65 Ca0H1oNOy 337.13113 EXVT TS
94 F AR K 6.23 CioHisNzO 301.121 34 XV ES
95 Z A AR, 6.46 CaoH1sNOy4 333.09984 Ak
96 AN E A 6.98 CoHisNOsCl — 347.115.58 LX) ES
97 7 fih Ak 9.80. Ci6H2sNO2 263.188 20 EXVE TS
98 M E 10.46 Ci7H27NO3 293.198 86 EXVEES
99 R AR#RME 10.64 CisH27NOs 305.198 86 EXVE TS
100 F R TR, 10.80 CigHisN;O 287.105 62 EXVE TS
101 ZASME 1137 CigH29oNO;s 307.214 44 EXVY TS
102 %ot ZHER 245 CisHaO12 432.12713 £
103 JoL % B 3.07 C15H2004 264.13595 £
104 KEEF L1 3.20 C32HaOg 570.279 00 ES
105 P e 393 C16H2009 356.111 13 XS
106 IR IR 4.16 Ci6H24010 376.137 24 £
107 258k A By 6.06 CisH1604 260.104 83 £
108 RAREE 7.19 CisH20, 236.177 45 ES
109 (AR ABE 7.98 CisH150» 230.130 57 ES
110 HE KRR 8.52 C30H4604 470.339 22 £
111 FHA5HFIA 8.87 CsiHe2O13 808.425 41 £
112 HEEE 9.47 CasH3008 516.200 09 5 £
113 A i 9.90 CioH160 152.120 11 £
114 BRmE 12.44 CisHi605 244.109 81 RS
115 o- % I BR 12.86 CisH»0 218.16701 ES
116 REFE 13.36 CaoHa604 330.183 19 £
117 ARARER 16.09 C30Hs02 440.366 08 £
118 JRFF 1.40 CoH12N206 244.069 49 (RS
119 M 1.51 CioH13N5O4 267.096 62 FATES
120 B3 1.60 CioH13N5Os 283.091 59 LA
121 JA3F 229 CioH14N20s 242.090 36 LA
122 BEFF 3.50 C15H2409 394.148 08 RS
123 FH B R A 4.07 C2oH2s012 460.158 72 B L
124 3 F R AR 4.66 C27H30014 578.164 00 AR



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.10

125 A E W F-6-0O-8 H 6.67 C23H24012 492.126 89 RS
126 AR TER T B 3.81 CsH;sOs 184.036 24 Bg &
127 & K A B 11 5.15 CisHy005 248.141 03 RS
128 KHE A B 8.08 C30HuO4 486.334 55 RS
129 5,245 Py Bg 8.31 CisH1605 244.109 77 LEES
130 FNE BT 9.06 C30Hu05 454.344 79 LTS
R
Vi At o A £ & 8 1) /min HF K STE i £ A
131 R T HB CRBS 10.84 Ci2H1405 206.094 23 RS
132 AZAHABR P B 12.04 C17H30, 316.261 44 LEES
133 FEARA A B 12.08 CisH200, 232.146'18 RS
134 Xt A P ARER LB 11.17 Ci2H1405 206.094 29 mig &
135 ARFL P 2.62 CoH,1003 166.063 02 7 %3
136 Xt AR P 10.63 CsHz0, 136.052 50 %3
137 P AEER 11.17 CoHsO 132.05753 i3
138 AX S 11.17 CioHy003 178.063 00 7S
139 AE R 1.63 Ci2H;60- 272.089°80 Bk
140 JRILE R 3.03 C7H¢O4 154.025 44 £
141 | 20 B 3.44 C17H2409 389.168 40 B £
142 H-ILEE 3.70 Ci5H1406 290.079 10 Bk
143 JURAR 4.15 Ci5H1406 290.079 06 By k&
144 X FEy 491 Ci1sHi206 288.063 10 By k&
145 A 5.02 C14H4Os 302.006 40 B £
146 L A E-3-0-2 A 454 5.18 CoH30015 594.158 70 Wk
147 ES w3 5.52 CisH1007 302.042 39 By k&
148 A T A 6.27 CiH110, 178.062 06 B £
149 TR By 8.73 CoH,00s 166.062 92 Wk
150 (R 3.61 Ci6H1509 354.095 08 BBR &
151 JR) LA B 3.73 C7HsOs 138.03041 BER &
152 e T 4.03 Ci6His09 354.095 33 NS
153 o3k 4.18 CoHsO4 180.041 77 NS
154 FRER 133 C7H100s 174.051 80 B AR £
155 AFARER 1.44 CeHzOy 192.026 13 HIUBE £
156 Xt 72 25 PIARER 1.50 CoH30s 164.047 34 HIUER £
157 BRTE 2.14 C7HOs 170.020 49 HAER
158 xR F B 2.24 CHeO;3 138.03041 HHUBR £
159 P AR 2.39 CoHs0» 148.052 46 HAER R
160 4-F B I KGR 2.75 CsHsO4 168.04129 HHBR £
161 H B TR 3.57 C7H1206 192.062 46 HHBR £
162 4-FEAARCH 3.63 CoH1003 166.061 88 H AR R
163 KA B 6.42 C7H4O3 138.030 41 HAER R
164 HF 8.52 CHeO16 822.404 73 HAER
165 o- T Bk R 15.62 CisH3002 278.224 39 HAER
166 L-B& £ 8% 1.50 CyHiNO; 181.073 96 ALK
167 L-5z £ B 1.64 CsHisNO, 131.094 68 ALE K
168 L-/i# AR 2.03 CsHoNO, 115.063 63 ALE X
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169 L-3K 7 A8 8.02 CoHiINO, 165.079 00 AL E
170 EHE 1.15 Ci2H2011 342.116 60 ERR T
171 EA% AR 1.92 C7H1sNO; 161.105 15 Ay £
172 St 5.94 CoHi604 188.103 98 A £
173 K¥&kF 7.88 CisH100s 270.052 82 H A £
174 (H)-A2 5B 10.10 CaoH206 358.141 55 HpeAr £

*2 EAEFNMTESFAIHER EIRER

Table 2 The identification of the non-volatile substance difference in the sauced beef with different spices

@ AR
s Wbt 3K are O ke metEHotE  mK4EM
HHRR IR A A HIRIGE A A RIRIUR
1 Xt #2245 AR ER CoHsO3  164.047 34 1.50 14 617 520.78 1.970497.30 -
2 TR CsHsO  120.05751 1.96 13 739 830.70 519 507.33 -
3 E R CaHxOn  448.100 56 3.46 3763755.05 11.285.73 -
4 K Z A, CoHuNOs  341.16271 4.19 92 523 322:99 684.657.07 -
5 ﬁjﬁ Eg:%%%?é CaH30013  550.168 64 4.87 21 641 300.63 246 673.71 -
6 ES V& CyHO01s  596.174 12 490 21728 490.49 259.555.44 -
7 FA B C2HxO12  464.095 48 4.99 109 399,327.60 976 211.04 -
8 w33 C2H200  418.12638 5.01 147768 324.62 310119.83 -
9 E A CyHnOu  580.17921 5.26 14 150 586.57 151287.14 -
10 A E CisHpOs . 272.068 47 5.41 29.694.305.22 59124437 -
11 A 3 CrHxOw  580.17921 544 98811 639.05 1 806 643.57 -
12 B CaiHa0O11 | 448.100.56 5.52 54530 143.16 390718.53 -
13 #E A CsH34O15. 610.189 77 5.55 33315395.68 611 959.56 -
14 s A3 CsH34O1s  610.190 41 572 66 905 860.55 868 309.76 -
15 FH 2 C2iH»00  418.12638 6.18 15 008 696.75 16 459.59 -
16 thF B CiHeOs 202,026 61 7.20 45 637 031.00 196 991.05 -
17 FAE S ER Ca0H2007 372120 90 8.43 10955 455.46 79 868.11 -
18 HHHE S CaoHO7  372.120 66 9.16 71867 772.87 909 982.90 -
19 IR CoH»nOs  402.13147 9.87 122 537 485.20 1905 025.38 -
20 FpuhE CiHi20s 19607356 10.11 23725629320 367 446.87 -
21 HRE CoH0;  372.12090  10.64 68 591 921.28 544231.82 -
22 ATPAAAMBCE  CoHuOs 20609429 1117 63970223470 1127 692.14 -

Er R TAARN B Z AR

T R 36 o 2 P I AR R A o 475 T 2
VIR A SRRV . AR5
e ACBRE B T VI g TR A T R T R A B R R Ak A
Wy, HAEAE A, ASERAL R S 2 RO
ANTR] R R 6 1 2 P AR SR R 2R A P 0 At B
T OB R BRBCH . MR, HEE . A
. FEERAE =TS, R RZHAA K,
B3RS R B AR S /R R AT A i b B — S AR
M, EEENRERER 950 £, HIRIBRIGHR, W] EHEN
TSR Bo, R G2 B R T
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SASINFI, (ER AR BRI B
TERM, fih i mHEN 5 mg/kg, REZEWIGER
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Fig.4 Clustering heatmap of non-volatile compounds in
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different treatment groups
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