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Table 2 The volatile formation form the self-degradation reaction of ASA and Cys

ERC a7

RIY/RI®

Jr R /g L

pH45  pHS8 pH70 pHB8O pHO.S
ASA 1 24 Kok 1115/1086 140533  306.31 - - -
2 e 8% 836/836 777867 1264.86 295.95 - -
3 2,3-% 5 vk v 1021/1 005 14958 187.96  21.59 - -
4 2,2~ ok 1098/~ 478.2 112.28 - - -
5 Tk 3R B 1 141/1 140 - - 102.64 7336 168.86
6 LEE ST 931/920 - - - 7122 71.76
7 3,4,5-= W k25 K M1 1020/~ - - - 5498  76.58
8 2,5-= ¥ BEok 1101/1 076 - - - 72364 74774
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(&% 2)
et A% & Fe i RI/RT TR Ayl
pH 4.5 pH58 pH7.0 pHS8O pHIS
Cys 9 3z EwEe 855/366 11567 6372 10424 - -
10 3,4-=F ek 903/908 138.16 14191 329.87 110.13  49.62
11 2,5-= 2 k%% 1112/ 5319 5926 6979  40.16  298.63
12 5-Wh-2-vkw Wk 11471135 7854  167.61 359.14 76523 120648
13 (3, 2-bE 1241/1214 118881 167522 51337 32237  660.27
14 2-Z R H[2,3-blE 1 455/ 32362 55103 56904 1051.54 1313.05
15 kw2 mE 982/961 226267 20617 17832 - -
16 2-Wh-S-AmAE 1 234/~ - ~ 32879 86394 47285
17 2,5-=WE-3-ZEAED 1 334/- - - ~ 25954 8033
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Table 3 The volatile formation in Maillard reaction of ASA/Gly
A% bt RI* /RI" REH R g L

pH 4.5 pH 5.8 pH 7.0 pH 8.0 pH 9.5
18 3R B 810/832 2874.21 - - - -
3 2,3 jtkvh 1 021/1 005 56.58 28.2 - - -
1 2k H vk v 1 115/1 086 729.89 689.37 - - -
19 1-# Jh b v 1206/1 182 110.67 69.62 - - -
20 2-F Kbk 824/825 - - 442.14 466.61 393.06
21 2,5-= Ak 907/917 - - 1565.27 2 538.09 2374.94
22 2-TH-5-F Kk 998/1 002 - - 2529.17 3142.49 2719.98
23 1,5-= % & -1H-vb v 4 B 1 067/1 047 - - 111.92 97.82 88.71
24 2-Tk-3,6-=F bk 1 109/1 085 - - 164.04 235.44 269.71
25 2,3-= ¥ Hh-5-T hwtk 1 116/1 090 - - 699.01 1026.73 206.17
26 2,5-= T HkwAn 1 .084/1 090 - - 322.73 284.89 231.69
27 2% W AR -5-F bk 1121/1 090 - - 70.86 119.42 76.41
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(8% 3)
= o4 RI* /RI" R g L7
pH 4.5 pH 5.8 pH 7.0 pH 8.0 pH 9.5

28 3,5-= TR -2-F Ak 1 150/1 156 - - 189.92 387.35 215.27

29 2,3-= T -5-F Aabhk 1148/1 153 - - 213.66 206.17 1026.73

30 2,3-= W Kbk 944/922 - - - 314.16 277.03

31 2,3,5-= % Atk 1 030/1 007 - - - 382775 3332.95

32 2-Tk-3,5-= ¥ kakvk 1 076/1 085 - - - 513.01 372.89

33 2-T Bk -6- Jhvibve 1125/1 107 - - - 362.01 309.16

34 2-TBEA-3-T R 1202/1 170 - - - 295.5 235.62

MR 3 AT L-BiR IR 5 H A AREELPE  FA TR,
B LA A R V) B B A O e | WERE IR 2.2.2 L-BUIR MR /L Jbt R 26 F 7 5
FALFWoN B EZONMERMAY , W H pH  L-PREMRA KRS ﬁfif*ﬁﬁ”ﬁﬁﬁﬂé&ﬂﬁ
(EXF R R 35 R A B A S A AR . FEA B R AW BIE L,  PA ER R A R IR 32 B
R 2RI ERIERMT R R FEE RNER T S kG Y. ATE pH E
K H L-PUIR MR B A B8, AR ST 80T LY MR /L -1 e 28 R 26 437 78 52 7 A= h
i%ﬂﬂ%ﬁ@%*ﬂﬁA% RULILERRPE ST HZE BRI R 4 Fiox
A RE B Bt 6 A8 BN Il S AR TR, AR
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Table 4 The volatile formation in Maillard reaction of ASA/Cys
. B E R g L
Vel e RI* /RI®
pH 4.5 pH 5.8 pH 7.0 pH 8.0 pH 9.5

35 2- g 762/795 2196.62 826.28 438.75 - -

9 3-T A E 855/866 39.98 5391 59.08 - -

15 vE -2 - BB 982/961 667.59 96.39 619.57 - -

36 2- 1 JK 3wk v B BE 864/869 851.98 690.62 - - -

37 P AR LA 934/914 779.69 244.19 - - -

38 ZA-2-W A-3(2H)-E B 1031/1 011 152.26 - - - -

39 3wy ¥ B 1038/1 018 170.65 - - - -

19 1—# Jk b vk 1206/1 182 210.27 - - - -

10 3,4-=F & 903/908 41.59 66.41 155.47 65.33 56.23

12 RE L S Sl 1147/1 135 311.31 93.89 113.53 63.72 34.63

13 oy 5F(3,2-bE 1241/1 214 2764.25 245.62 184.39 1 837.85 28.02

40 3 B 1102/1 082 1975.64 2034.54 2 047.04 1780.54 1 543.49

41 2- LEEE 1 082/1 085 - - 807.36 740.24 687.05

20 2-F Kk 824/825 - - 358.25 535.14 264.54

42 2-T A -6-F Ak 1 018/1 003 - - 237.23 144.05 68.37

43 5-CHA-2,4-= W 1,38 1096/1 078 - - 31.59 21.59 14.64

44 3-TBEE Y 1131/~ - - 901.25 740.24 430.19

11 2,5-= T ARy 1112/- - - 117.99 58.01 29.45

17 2,5-= WA -3-T Ay 1 334/- - - 175.64 135.31 63.91

45 2-F A vE e 5H[3,2-bE e 1362/- - - 2271.95 1411.58 278.28
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(ZEFR4)

5 et RI /RI RER vl

pH 4.5 pH 5.8 pH 7.0 pH 8.0 pH 9.5

46 2,6-=Fhuwok 930/916 - - - 36.06 21.06
47 2wk 944/946 - - - 51.05 18.74
48 2-CEEe 1016/1 023 - - 379.85 23294 44322
49 2-(1-F A AR )EE 1 176/~ - - - 115.13 58.55
50 2-CE-4-F ey 1208/ - - - 26079  139.77
51 2-@EksEwy 1206/1 188 - - - 17297 116.02
14 2-T % H[2,3-blEw 1 455/ - - - 207.95 9.11
50 2,4,5-= 7 vk 991/990 - - - 221.88 85.51
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AT AW, TR A S Y R R A
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PERAF T RS A, e i A AR i
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Table 5 The volatile formation in Maillard reaction of ASA/Cys/Gly

Ji A g L

5 Lot RI* /RI®

pH 4.5 pH 5.8 pH 7.0 pH 8.0 pH 9.5
35 2 K rE ey 762/795 6 084.17 2336.57 1255.93 763.62 403.41
15 R 2B BE 982/961 922.49 646.35 564.42 221.71 58.73
40 3-F R A E 1 102/1 082 1 440.32 1614.53 6309.44 2763.01 2380.83
41 2-TBEE 1 182/1 085 211.34 675.09 1221.48 638.67 437.86
13 i 5t[3,2-bE 1241/1 214 3072.16 468.56 303.99 1137.94 32.84
14 2- T AR E e FF[2,3-b]E 1 455/- 223.31 905.36 1275.92 79.97 26.78
9 3-THE 855/866 121.21 205.99 - - -
36 2- Yk —3—vk wh B AE 864/869 1820.34 1401.94 - - -
10 3,4-=F ok 903/908 99.42 263.11 - - -
37 M AR LB 934/914 1 368.92 305.06 - - -
39 3y B 1038/1 018 30.52 - - - -
53 2,3-Z AR -2-F Bk 1132/- 381.28 - - - -
54 2,5-=F gy 865/878 - 689.19 294.17 187.96 83.18
49 2-(1-F R Rk )wiek 1176/- - - - 272.93 91.39
55 5— AR 829/846 - - - 38.21 15.17
56 5-W A2, 3-= Ak 817/- - - 200.81 88.54 114.95
57 2-C kR 864/871 - - 130.31 36.06 18.74
58 2,4-=F REE 889/885 - - 294.17 103.01 79.79
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(4% 5)
= e RI* /RI" B R lpgr L

pH 4.5 pH 5.8 pH 7.0 pH 8.0 pH 9.5
59 2,3-= Pk 908/~ - - 300.95 97.28 48.37
60 2 A AE 1002/~ - - 175.82 61.05 2231
42 2T R6-Fhuk 1018/1 003 - - 30416 12049 11334
48 2-C Rk 1016/1 023 - - 793.08 28167  213.84
43 5z AD2 4= FA-13-Ew 1096/1 078 - - 132.81 36.06 20.53
12 5-WRh-2 kv WE 1147/1 135 - - 119.06 32.84 26.42
61  2-TA-3-F ko 1 148/1 161 - - 661.16 45001 40252
51 2-mEkEe 1206/1 188 - - 27864 12281 81.04
17 2,5-= ¥ A-3-Z B 1334/ - - 30524 23865 20171
45 2-F hEwr (3, 2-bE 1362/~ - - 217913 65867 34343
46 2,6-= 7 huok 930/916 - - - 40.34 45.52
20 2-W Rk 824/825 - - - 52.48 72.29
47 -k 944/946 - - - 61.76 28.74
44 3-TE A 1131/ - - - 4554 437.86
52 2,4,5-= 7 ek 991/990 - - - 243.65 150.12
62  2-Ch-5S-AmkE 1 344/ - - - 53.91 34.99
63  2-ETHh-5-7 EvEw 1514/~ - - - 146.55 79.43
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Fig.1

Radar chart of Maillard reaction products under different pH values
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Fig.2 The volatile formation form the self—degradation of ASA and Cys and the reaction mechanism

between different products
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Effects of pH on the Formation of Flavor Compounds
in the L-Ascorbic Acid—L-Cysteine—Glycine System

Feng Liang, Yu Ke, Yang Yan', Liu Shuangshuang, Yu Ainong
(School of Chemistry & Environmental Engineering, Key Laboratory of Biological Resources Protection and Ulilization of
Hubet Province, Hubei Minzu University, Enshi 445000, Hubet)

Abstract The volatile compounds formation from the complex Maillard three —component reaction system, [ —ascorbic
acid—L—cysteine—glycine (ASA-Cys—Gly), was investigated under different pH (ranging of 4.5, 5.8, 7.0, 8.0, 9.5) con-
ditions. The headspace solid—phase micro extraction—gas chromatography—mass spectrometry (HS-SPME-GC-MS) technolo-
gy, internal standard and standard material were used to analyze and identify the volatile substances in each reaction
system. Meanwhile, the effect of pH on the formation of volatile in the three components complex Maillard system was
explored based on research of the volatile generation and distribution in the self—degradation and the two components re-
action system. The results showed that the volatile compounds generated from the three components complex Maillard re-
action system were various organic substances, such as thiophene, thiazole, pyrazine and mercaptans. There were many
kinds of thiophenes with high concentration under acidic and alkaline conditions, which were the dominant product in
that reaction system. However, thiazole and pyrazine were major produces under medium alkaline conditions. Mercaptans
were mainly generated under acidic conditions. According to the formation and distribution of volatile substances in each
system, the possible generation mechanisms of volatile substances under different pH conditions were proposed.

Keywords L-ascorbic acid; L-cysteine; glycine; Maillard reaction; volatile compounds



