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Table 1 The colors, smells and the amount of volatile compounds analyzed from the reaction products prepared in

different reaction temperatures by solid phase micro-extraction( SPME) and GC-MS
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Table 2 The main volatile flavor compounds identified
by SPME/GC-MS from the reaction products
prepared at 140 °C for 60 min

DB-WAX &4 HP-5 &4
e : .
RI &/ x10°ng Rl FHE/ x10°ng
LS
R R BiRE
2-Pentanethiol (2- [R5 RE ) 120 0.37+0.11
2 Methyl-3-foranthiol (23 H3BRWH |3 g pi101 g8 899233
)
Methyl-3-pentanethiol ( 2-F #-3-1%, 5% 135 5.40+3.60
B)
2-Furfurylthiol (2-$ 5 A% ) 1423 23.39+2.32 910 16.83+6.67
2-Thiophenethiol ( 2-BEM} 5 A% ) 153 16310.05 98 12.36x4.98
5-(Methylthio )-1H-1,2, 4-triazol-3-amine
_ 1589 35.80+0.18
G-HE-5-PME-1H-1,2 4-ZW)
4-Methoxy-benzenethiol (4- Fi g B H K i 119 L21+0.54
&)
2-Thiophenemethanethiol (2-BEM} FHE5AE) 1685  0.05+0.05

3,3Dithiobis-2-methyl-furan

2159 58339 155 64030
(2 53-5EHH ) — i) * *
2-[( 2-Methyl3-furyl )  dithio ]-3-
pentanone(2-( (2-F 3Bk W %) —H - - 1574 1.20:£0.71
#)-3-1%8)
3-Methyl-2, 5-bis ( methylthio )-thiophene 1586 0.48 0,08
- .48 +0.
(3-B -2 5-— gAY
2-(3-Thienylthio ) thiophene
1601  0.550.20

(2-(3-BEWER AL ) W} )

2015 FE A HBE ) BBE 335 m)l 67




o EoE gl U FOOD AND FERMENTATION INDUSTRIES 1

g2 HgER2
DB-WAX 5 HP-5 ikt DB-WAX {1t HP-5 (a4
ey d . ftan : ;
RI &/ x10’ng Rl fHHE/ x10°ng Rl fi&/ x10°ng Rl JiiE/ x10°ng
2-Furfuryl-2-oxo-3-pentylbisulfide ( 2-% 2, 9-Dimethyl-thiazole [ 4, 5-f ] quinoline
2 Tl . 0.17
0 FR R ) oo (2.9 Z R4 511080) S
2-Methyl-3-[ ( 2-methyl-3-thienyl ) dithio ] 4-Methyl-2(3H) -thiazolethione L85 0882038
furan(2-FE-3-[ (P EIEWHE) — 246 06792007 1715 1L97:1.13 (4-FH-203H) -HEVLHF) T
B | wkm) ANt 0.75 L.21
2,3-Dihydro-5-methyl4-[ ( 2-methyl-3-fu- & 151.00 97.44
ryl) dithio ] furan (2,3-— F-5-H #4- 2442 242:0.13 BRER
[ (2-BHE-3-nkm 2L ) B 1k ) 4 Hydroxy 6-methyl- (1) -pyridinone o000
Bis(2-furfuryl) disulfide ( “HERZHiBE) 2483 L14:0.22 1680 6.674.07 (4-F2BE-6- -2 1H) -1 B
2,2<Dithiobis-thiophene (2,2 ~BE#} — 188 1205 1H-pyrrole-3-ylacetic acid(IH-MEMEES- | 0 0y 0o
&) o Zm) B0
Difurfuryl sulfide ( 8RR - 185 218:1.30 1-(2-Furanylmethyl ) -1H-pyrrole 233 018 £0.06
Mt 103.95 60.06 (1-(2- Tk mg R 2) -1 H-WE g ) T
HEWR 3,5-Dimethyl pyridine(3,5- B Em ) - - 1565 0.27+0.16
2-Methylthiophene (2- B ZLIEWY ) 1088 L6061 777 143:162 1-Pentyl-1 H-pymole( 1 -1 31 H-ME W) - - 1247 019000
Dihydro-2-methyl-3 ( 2H )-thiophenone At 0.62 0.46
1518 0.62+£0.09 985  0.85+0.31
(~4.2-F 43 (2H) ) ot
2-Thiophenecarboxaldehyde ( 2-8 Wy H 1676 22240.33 %8 168 £0.91 Furfural (BER% ) 1448 21.55:4.32 834 3.4 2,37
&) o T 2-Furanmethanol (2-1§8%) 1645 0.15:0.03
;lﬁ;rr;_yt%;dé}h};drothiophene (R 1082 197097 4, 5-Dimethyl-1, 3-isobenzofurandione 240 0162004
T (4,5-ZF 13- Aok — ) S
2-Acetyl-3-methylthiophene ( 2-7, B #- .
3-FEEN) 175 061038 110 0602 2,2Bifuran(2, 228~ BEIE) - - 1035 0.41:0.2
5-Methyl-2-thiophenecarboxaldehyde ( 5- s " 0.97+0.46 2-(Methoxymethyl ) furan { 2-( i % 1166 0.08 +0.03
B30 W) RS ) 1767 0.4+0.16 13 .97 +0. ) 5Em) .08 +
3-Methyl-2-thiophenecarhoxaldehyde ( 3- 1% 179 £0.38 2-Propyl furan(2-PRukAH) - - 1316 0.13:0.02
B -2 B AT RS ) U (E)-2,25(1,2-ethenediyl ) bisfuran 137 L30+0.%
1-(2-Thieny! )-1-propanone ( 1-( 2-BE 4} 99 0535028 1178  0.8050.38 ((E)-2,2:(1,2-Z 83 BR k)
#)-1-FifR) B B 1-(2-Furanyl ) -2-butanone ( 1-( 2-Bk 1§ 1344 0.15£0.06
2-Methyl-6-propyl-thiophene ( 2- B %£-6- Lol 0.080.10 )2 TH)
THEL) R &it 21.86 421
Thieno[3,2-b | thiophene (B} [3,2-b ] B 173.48 102.11
1867 10.49+2.01 1203 12831523
Freeut) E- AR R,
2,5-Thiophenedicarboxaldehyde ( 2, 5-8E L006 1479227 1238 5.8026
W HEE) 3 R
Benzo[ b thiophene-3-ol (33 [ b ] BEM}- 1207 140038
) (1) £ pH 5.5 RIEJE 120,130,140,150,160 C
2-Methyl-thieno| 2,3-b ] thiophene . R . y .
(2 FESRAHT2,3-0 ) 1S 4T, b B - A M SR T B B0 36 0 28 0
3-Thiophene acetic acid(3-BEH}Z.18) 1298 1.60+0.58 l:l:] ]‘ﬁ] {2‘; 2_7'( ﬁ% 1553 [1% ﬁ_4_;§§ Q&'S _!::" Eié Hjlﬁ % &f’\‘ Amadort
5-Acetyl-2-methyl-3-thiophenecarbalde- L40  6.08 2% 0 A sy B ol e AT RS Amadord
Sl ) gt s 975 A7 4 AL, LTS 0B Amador
Thieno[ 2,3-b ] pyridine-N-oxide Lo 400007 fiﬁjﬁlﬂ]%%%@ H%,—A%EW/% V‘] E@*F\%Eﬁ'f&,
(3B (2. 3 N e L R L S 7 R 0 O A
4,6-Dimethyl-1H,3H-thieno [ 3,4-c ] thio- 15 I-E] Hﬂ‘é’é 3""« H':J /@ *iﬁﬂ /ﬁ—‘ %ﬂﬂﬁ .
phene (4,6~ B 1H JH-EWFE(3 4- 2084 3.08+3.83 = A
BET)) (2) X ErRARNATER =YK A
3 4-Dimethylthiophene (3,4- ZFIZEHEH}) 2414 0.61 +0.10 FARIE B EAMA SR ERSHIALGY N
it 3 o 48 1 140 °C R I 60 min N BB H KM, KAN
e IR
2-Imino4( 5H ) -thiazolone (2- T & %4 143 075 £0.32 m60 min B"sz%q:'%fétﬂ 53 ﬁ{t’%%,@?ﬁ 2—Eﬁ§—
(5H)-sEnER) T

68 | 2015 Vol. 41 No. 11 (Total 335)

3K MR EE 2R S TE NN E RS HAFY K 40



o SART ST, EELF S R, reaction of soybean peptide-xyl.ose system based on interac-
tion of L-cysteine and Amadori compounds[J]. Journal of

ide Science,2012,18; 342 - 349.
£ ¥ B Peptide s ,18.
z [10] Molnar-Perlt I, Friedman M. Inhibition of browning by

[1] Katsumi U, Hagi Y, Nakahara K, et al. Volatile chemi- sulfur amino acids. 2. fruit juices and protein-containing

. hemi
cals formed in the head-space of a heated D-glucose/L-cys- foods[J]. Journal of Agricultural and Food Chemistry

1990, 38(8):1 648 -1 651.

[11] Parker J K. The kinetics of thermal generation of flavour
[J]. Journal of Agricultural and Food Chemistry ,2013,
93(2):197 - 208.

[12] TANG W P, JIANG D S, YUAN P, et al. Flavor chemistry
of 2-methyl-3- furanthiol, an intense meaty aroma compound
[J]. Journai of Sulfur Chemistry, 2013,34(1) ;38 —47.

[13] BE,Refk. AAERMERFRAEFERLSDHXT LT
[J). &5 5B T I,2010,36(1) :61 -63.

[14] 2R/, van Boeke M A J S, Martins STF S, JBE X3
PR N KBR ], &8R4 ,2005,26(7) .63 - 66.

[15] Ames J M, Guy R C E, Kipping G J. Effect of pH and

temperature on the formation of volatile compounds in

teine maillard model system [ J]. Journal of Agricultural
and Food Chemistry, 1995,43(8) .2 212 -2 218.

[2] Mottram D S, Nobrega I C C. Formation of sulfur aroma
compounds in reaction mixtures containing cysteine and
three different forms of ribose{ J]. Journal of Agricultural
and Food Chemistry, 2002, 50(14): 4 080 -4 086.

[3] Hofmann T, Schieberle P. Evaluation of the key odorants
in a thermally treated solution of ribose and cysteine by a-
roma extract dilution techniques[ J]. Journal of Agricultur-
al and Food Chemistry ,1995,43(8) :2 187 -2 194.

[4] Cerny C, Guntz-Dubini R. Formation of cysteine-S-conju-
gates in the Maillard reaction of cysteine and xylose[J].
Food Chemistry, 2013,141(2) .1 078 -1 086.

[5] Hofmann T, Schieberle P. Identification of potent aroma cysteine/reducing sugar/starch mixtures during extrusion
, .

cooking[ J]. Journal of Agricultural and Food Chemistry,

2001,49(4) .1 885 -1 894.

techniques [ J]. Journal of Agricultural and Food Chemis- (16] g;&ﬁﬁ ] iy Kﬁﬂglf*ﬁ-ﬁﬁ@%ﬁ@ﬁﬂjfﬁ

try,1997 45(3) .898 - 906 ﬁ‘&ﬁi@ﬁ‘]%"ﬂ[ﬂ . ﬁ!ﬁl*"l’&72014’ 39(1):250
oC y ' -254.

[17] Bk, THE . ZRCHSERMEART]. €i%,2000,

compounds in thermally treated mixtures of glucose/cyste-
ine and rhamnose/cysteine using aroma exiract dilution

[6] Cermy C, Davidek T. Formation of aroma compounds from

ribose and cysteine during the Maillard reaction [ J]. Jour-

nal of Agricultural and Food Chemistry ,2003, 51(9): 18(5) :398 - 401. L
2714 -2 721 [18] Kerscher R, Grosch W. Quantification of 2-methyl-3-

[7] De Roos K B. In Flavor Precursors [ M] ( ACS Symposium furanthiol, 2-furfurylthiol,3-mercapto- 2-pentanone, and
2-mercapto-3-pentanone in Heated Meat[ J]. Journal of

Series). Washington (DC): American Chemical Society,
Agricultural and Food Chemistry ,1998,46(5) . 1 954 -

1992:203 -216.

[8] De Roos K B, Wolswinkel K, Sipma G. In Process and Re- 1958. .
action Flavors [ M] ( ACS Symposium Series ). Washington (19] Mottram D S, Madruga M.S' Some novel. meat lfke aroma
(DC) : American Chemical Society,2005:117 — 129. compounds from the reactions of alkanediones with hydro-
(9] HUAN;; M G. ZHANG X M Eri(; ’K et z;l. Inhibiting the gen sulfide and furanthiols[ J]. Journal of Agricultural

and Food Chemistry ,1995,43(1).189 —193.

color formation by gradient temperature -elevating Maillard

The effect of temperature on the formation of initial maillard intermediates and
volatile flavor compounds in cysteine /xylose model reaction system

CAO Chang-chun, SHI Jing-yan, XIE Jian-chun, SUN Bao-guo

( Beijing Laboratory for Food Quality and Safety, Beijing Key Laboratory of Flavor Chemistry,
Beijing Technology and Business University, Beijing 100048, China)

ABSTRACT The contents change of initial maillard intermediates, 2-xylulosylthiazolidine4-carboxylic acid, cyste-
ine-amadori, and cysteine in cysteine-xylose model at pH 5.5 under 120 °C,130 C,140 °C,150 C, and 160 C
were studied. The results showed that the contents of 2-xylulosylthiazolidine-4-carboxylic acid and cysteine were de-
creased with the reaction times at all temperatures, and the higher the temperature, the steeper the decreased curve
would be. At the temperatures of 120 °C ,130 °C, and 140 °C, the change curves of cysteine-Amadori were all bell-
shapad; while at the temperature of 150 °C or 160 °C, the contents of cysteine-Amadori were decreased markedly all
the time. Considering the utilization ratio of cysteine, the colors and the meat-like aroma of the reaction products, and
the amount of the volatile compounds, especially the sulfur compounds, it was concluded that 140 °C and 60 min were
better for the model reaction. The reaction product prepared using the above optimum conditions was analyzed by solid
phase micro-extraction (SPME) and gas chromatography and mass spectrometry ( GC-MS) on a polar column with a
non-polar column. Total of forty sulfur compounds, five nitrogen-containing heterocyclic compounds, and eight oxy-
gen-conlaining heterocyclic compounds were identified. The main compound were : 2-methyl-3-furanthiol, 2-furfuryl-
thiol, 2-thiophenethiol, 2-methyl-thieno[2,3-b ] thiophene, and 2,5-thiophenedicarboxaldehyde.

Key words xylose; Maillard reaction; 2-xylulosylthiazolidine-4-carboxylic acid; amadori; meaty aroma
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