547 % 5 13 4 i Tl B Vol. 47 No. 13
2026 4 7 H Science and Technology of Food Industry Jul. 2026

o 42 2%, ZEBTFR, R, 55, WS ZUHE MRS © 1 b 2R -ACHE” SERLAE SO A R 7 AR 35 e R A & 0 0 52 0 D], 0 ol BHEE,
2026, 47(13): 262—271. doi: 10.13386/j.issn11002-0306.2025040257

HE Jinxin, LI Kexin, LIANG Yu, et al. Effect of Additional Amino Acids on the Cysteine-Xylose Maillard Reaction to Form Volatile
Flavor Compounds[J]. Science and Technology of Food Industry, 2026, 47(13): 262—271. (in Chinese with English abstract). doi:
10.13386/j.1ssn11002-0306.2025040257

* ST -

BN ZEIRNT “ DR IR- ABE” DL
RFR A1 R B XUBR AL B I  Re

e, FWIK, R W, AR, HEE
(bR LA RFRSBEERFLR, £FEREMEHKE IR EELRE, LT 100048)

B EALARFmLAR., SRR, FRABANERAR-ABE £ EBREZAEXERARLSHG TR, A
PR ey dii, AL TR AREHH LRGN T, @AM EE UV 294, 420nm B0k, & £4E. pH.
A#ER 4, WERRIKAGEEBR L. &R BAMER/ DA &5 5% 5 Fo 4 5 ik A A8 & k- ) 47 5
AR DRI ESN, HHEARERM (OAV) 897k, WRARAKRR ZEANERER %KM F. EXEN,
A AR (BERREAFHAR 4E) B, RANERBREAZLNI G, LAR e KB GK R B TR
CRE, LARARmLRBASRBKR; KA AGELEMWRINES, LT mASABOKRE T A 5HA
Tbthm%, RAREHELSWOHERTRAXESANESY (OAV=1) 89 OAV ¥ megig R K. =4 &
AR T ERR, REAPEAXREANSWNEZREEE, i LA A @ FANSHYSE—A L, 2
AR A B A BRE T A 4 FRARKREN . HARO A 2 ZOFRARKEN, PEANSREAAEXES
AMbdhE& AR IEE, B2, ZAALRILE, Fies ABE T RS R 55 B = £ A K W& k4 B oA #lo
FER): KRR, R, LR, SRR, WAk, 2 BEBRA R ;
FESH2EE:TQ656'1 CHERARIAES: A X EHS:1002-0306(2026)13-0262-10
DOI: 10.13386/.issn1002-0306.2025040257

Effect of Additional Amino Acids on the Cysteine-Xylose Maillard
Reaction to Form Volatile Flavor Compounds

HE Jinxin, LI Kexin, LIANG Yu, HU Qingqing, XIE Jianchun’
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and Health, Ministry of Education, Beijing 100048, China)

Abstract: This study investigated effect of adding serine, glutamic acid, or glycine to the "cysteine-xylose" system on for-
mation of volatile flavor compounds via the Maillard reaction, aiming to provide guidance for meat animals breeding, meat
food processing, and meat flavorings preparation. For the different Maillard reaction systems, their reaction extents were as-
sessed by measurement of UV absorption at 294 and 420 nm, color difference values, pH, and the remaining xylose in the
reaction solutions. Volatile flavor compounds generated were comparatively analyzed by solid-phase microextraction/gas
chromatography-mass spectrometry (SPME/GC-MS) and aroma extract dilution analysis in gas chromatography-olfactome-
try (AEDA/GC-0O) in combination with partial least squares regression (PLSR) analysis and odor activity value (OAV) cal-
culation. The results showed that addition of each of the three amino acids in four times the molar concentration of cysteine,
the reaction extents of the Maillard reaction systems were enhanced. Addition of glycine caused the most browning of the
reaction solution, followed by that of serine and glutamic acid. On the other hand, formation of volatile flavor compounds
also increased as well with addition of the three amino acids. Especially, addition of glutamic acid produced the highest
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amount of sulfur-containing meaty compounds, where the odor-active compounds of them had greater dilution factors and

the key aroma compounds (OAV =1) of them exhibited larger OAVs. As the three amino acids were increasingly added to

"cysteine-xylose" system, amounts of sulfur-containing key aroma compounds generated in the reaction systems first rose

then fell, whereas amounts of the pyrazine key aroma compounds ascended all the way. As serine and glutamic acid each

were in four times cysteine concentration, and glycine was in two times cysteine concentration, the sulfur-containing key

aroma compounds were maximally yielded in the reaction systems, respectively. In conclusion, among the three amino

acids, glutamic acid caused the weakest browning reaction and benefitted generation of sulfur-containing meaty com-

pounds.
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Fig.1 Indicators for extent of the Maillard reaction in the four reaction systems
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Table 1 Volatile compounds detected by solid phase micro extraction/gas chromatogram and mass spectrometry (SPME/GC-MS)
in "cysteine-xylose" system and those with the three additional amino acids in 4 times the molar concentration of cysteine
fet R gy SRy
A 225 R BHR HaER
BRI A
3-Fi%E-2- T 1297 7.28+0.01¢ 28.56£0.06° 38.64+0.77° 14.56+1.02° MS/RI
2- PR3- I A e 1307 369.60£31.20°  6076.00£683.20°  9564.80£789.60°  1691.02£114.40° MS/RU/S
3-5i Jk-2- 1R 1360 1.68+0.02¢ 5.04+0.01° 20.72+0.42° 3.92+0.02° MS/RI
2- W 1433 3.9240.01¢ 16.2445.61° 21.84+2.80° 12.32+0.32° MS/RI/S
3-IEN} i e 1572 3320.08+145.60° 1204.00£95.23°  884.80+100.81¢ 1192.80+35.78°  MS/RI/S
2-WEWy P Pt 1593 / 879.20+46.21°  1338.40+41.40° 1226.40+34.79°  MS/RI
WL(2-FR -3 R I 5 ) — i ik 2150 274.40£34.39°  6059.20+431.20° 24130.40£2368.00°  9615.20+795.20°  MS/RI/S
2-FRE-3-[(2-F 3E-3-WEWR 3L ) A Rk 2420 33.60+0.03¢ 431.02443.12°  1534.40+151.21° 240.80+7.02° MS/RI
2,3-T&(-5- T HEA-[ (2-F 3E-3-mkmg ) —HUARIK 2442 16.800.02¢ 364.00+£9.17° 868.00+£57.10° 196.00+29.11° MS/RI
/N 4028.08 15063.44 38402.00 14193.20
WEMAAL Y
WE Y 1025 84.00+0.04¢ 179.20+11.19° 302.40+34.71° 184.80+5.59" MS/RI
2-H JLg sy 1095 61.60+0.02¢ 252.00+25.93¢ 879.02+98.07° 313.60+32.40°  MS/RI/S
TA-2-FHE-3 (2H) -BEW R 1528 95.20+16.51¢ 207.20+21.32° 425.60+44.79° 285.60+£18.56"  MS/RI/S
3-IgE sy A 1678 840.00+78.42°  3432.80+481.60°  621.60+18.64° 453.60+13.16°  MS/RI/S
2-WE R 1691 123.20+10.27¢ 498.40+5.01° 1562.40+£76.04° 1265.60£82.05°  MS/RI/S
5-FF 321wy R 1710 313.60+33.18¢  1047.02+61.62°  1030.40+100.80° 963.20+28.81°  MS/RU/S
3-HBE-2-WEm) FH 1809 812.00+212.80°  1881.60+162.40° 3533.60+218.40°  2917.60+274.40°  MS/RI/S
1-(3-WEMY L) - PN 1856 134.40£16.77°  537.60+44.81° 924.00+27.72° 812.00+24.36°  MS/RI/S
BEWY IF-[2,3-b]WENY 1873 884.80+:380.80¢  1260.00+134.40°  1873.00+91.11° 1747.02£173.60°  MS/RI
2,5- gy i 1910 / 1204.00+128.76°  1741.60+152.24° / MS/RI/S
WEMYFE[3,2-b]HEW} 1971 302.40+27.98°  812.00+78.36°  1080.08+72.76 912.80+27.31®  MS/RIS
I 3651.20 11312.00 13361.6 9856.00
ZHIBEY
anti-3,5- " F JE-1,2,4- =B A< 1600 / 1002.40+31.40° / 1030.40£29.41°  MS/RI
syn-3,5- " H 3E-1,2,4- =i 24 LA 1621 341.60+31.06°  3780.00+515.20°  716.80+21.50° 660.80+19.82° MS/RI
1,2,3- = Hi A5 1770 11.20+0.01¢ 397.60£11.72°  666.40+117.92° 599.20+240.80°  MS/RI/S
[1,2,3,4]0UEi 4 C 3 2080 / 666.40£67.20°  1400.00+£128.80° 873.60£16.77°  MS/RUS
Nay 352.80 5846.40 2783.20 3164.00
WEMRISAL B
2-H S g 1242 145.60+39.23° 156.80+28.04° 134.40+22.42° 128.80+5.60° MS/RI/S
WEmE 1252 44320+£151.20°  425.60+26.02° 543.20+39.20° 403.20+22.40° MS/RI
2-Z B g N 1647  7084.00£1080.80° 8747.20+739.20°  7548.80+£812.00° 13238.40+1293.06° MS/RI/S
I 7672.80 9329.60 8226.40 13770.40
TREEAMEY
it 1212 16.80+0.01° 257.60+£7.72° 285.60+8.56° / MS/RI
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Fig.2 Partial least squares regression (PLSR) analysis of the
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the three additional amino acids in 4 times the molar
concentration of cysteine
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