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ABSTRACT: Objective To investigate the composition and differences in volatile flavor substances of donkey
milk powder in different regions. Methods Gas chromatography-ion mobility spectrometry (GC-IMS) was
employed to analyze the volatile flavor substances of 5 types of donkey milk powder. Results A total of 53 volatile
flavor substances were identified in the 5 types of donkey milk powder, including alcohols, aldehydes, ketones, acids,
esters, terpenes, furans, and sulfur-containing compounds. Donkey milk powder from Kashgar was found to
have 48 identified volatile flavor substances, while both types from Hami were identified with 47 volatile flavor

substances. Donkey milk powder from Shandong and Changji each exhibited 40 identified volatile flavor substances.
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2-methylpropionic acid was only detected in Shandong-produced donkey milk powder; butanoic acid ethyl ester was

only found in Changji and Kashgar-produced donkey milk powder; 3-methyl-1-butanol, 1-hexanol dimer, and

octanoic acid ethyl ester were exclusively detected in Kashgar-produced donkey milk powder, while 1-octanal

dimer, butyl acetate, butanoic acid butyl ester, and y-terpinene were only found in Hami-produced donkey milk

powder. The characteristic flavor regions of donkey milk powder from each origin could be screened out by

GC-IMS fingerprint patterns, and principal component analysis effectively differentiated the 5 types of donkey

milk powder. Conclusion Variations exist in the types and concentrations of volatile flavor substances in donkey

milk powder from different regions. The fingerprint patterns constructed by GC-IMS visually characterize the

distinctive flavor regions of donkey milk powder from different origins, which can provide a theoretical basis for the

evaluation of flavor quality and the identification of origin in donkey milk powder from different regions.

KEY WORDS: gas chromatography-ion mobility spectrometry; donkey milk powder; volatile flavor compounds;

fingerprint; principal component analysis
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Table 1 Sample information of donkey milk powder
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Table 2 Qualitative analysis of volatile flavor compounds in different donkey milk powders
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L1 L2 L3 L4 L5

1 LT 936.4 24.52+0.12° 20.00+0.38° 14.3940.17¢ 8.67+0.10¢ 6.97+0.08°
2 1A JE B 1026.8 0.42+0.07" 0.1940.02¢ 0.4440.03° 0.3440.01° 0.1840.00°
3 B -1 1089.8 0.47+0.10" 0.38+0.05" 0.10+0.01° 0.20+0.01° 0.12+0.00°
4 1- Tk 1136.8 2.68+0.11° 0.99+0.02¢ 1.3540.06° 3.04+0.16" 2.5340.04°
5 1- Tl Bk 1137.7 1.09+0.11¢ 0.78+0.01¢ 0.82+0.03¢ 2.46+0.06° 2.59+0.07°
6 31T 1196.5 0.600.08°

7 1= ) -3- 1154.6 0.56+0.01¢ 0.94+0.07° 1.78+0.11° 0.70+0.03¢ 0.62+0.01¢¢
8 113 J B 1247.7 1.95+0.11° 0.5040.02° 0.3940.00°
9 - R Ik 1244.9 1.19+0.10°

10 1-c B 1366.7 0.09+0.01° 0.09+0.01° 0.1940.01° 0.09+0.00° 0.06+0.00¢
11 A-Thf s P PR 1590.2 0.26+0.05" 0.23+0.01° 0.2440.01° 0.15+0.01° 0.1440.02°
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12 TN T BRI 773.8 1.57+0.10° 2.08+0.12° 1.35+0.04¢ 1.80+0.03" 1.47+0.03%
13 N Rk 774.4 1.25+0.14° 2.83+0.31° 3.71+0.15" 1.95+0.05¢ 3.18+0.05"
14 THE 898.5 0.75+0.04" 0.31£0.01¢ 0.65+0.06° 0.24+0.01¢ 0.62+0.00°
15 2-H R TRE 916.1 1.56+0.28" 0.28+0.03° 0.26+0.01° 0.1740.01°
16 1E G LR 985.5 0.10+0.01¢ 0.60+0.04° 0.16+0.00° 0.18+0.00° 0.1940.00°
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17 1E R TRk 975.7 0.27+0.02¢ 0.4840.05¢ 1.83+0.04° 0.79+0.03" 0.7840.01°
18 1-C LA 1095.9 4.11£0.08° 439+0.17° 4.22+0.18" 4.08+0.01° 3.23£0.06°
19 - Rk 1091.6 3.32+0.06¢ 5.10+0.24° 7.58+0.41° 4.49+0.08° 4.3940.02¢
20 (E)-2- 30 I A 1129.4 1.07+0.02¢ 1.03+0.12¢ 0.74+0.01¢ 3.10+0.06" 1.59+0.09°
21 (E)-2-Ja s — R 4 1129.4 0.1440.02¢ 0.25+0.01° 0.3240.01° 0.27+0.02° 0.3240.01°
22 ST RN 1173.6 1.09+0.03¢ 2.60+0.04° 1.19+0.06¢ 2.18+0.05° 1.86+0.04¢
23 PR IR 1176.2 0.2240.02¢ 1.41+0.07* 0.32+0.05¢ 1.15+0.05¢ 1.28+0.04°
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27 1-2E 1 Rk 1288.1 - - - 0.10£0.00° 0.07+0.00°
28 1T PR 1408.2 1.27+0.13¢ 2.07+0.06° 0.62+0.06° 5.13+0.03" 3.91+0.07°
29 1-T-RE Rk 1409.8 0.2840.01¢ 0.39+0.04¢ 0.21£0.02¢ 1.23+0.04* 1.000.04°
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31 2- T [l B4 898.1 1.17+0.16° 0.83+0.13° 0.42+0.01¢ 0.67+0.01° 0.3540.00°
32 2- T — R4k 898.1 1.05+0.00° 0.47+0.03° 0.29+0.04¢ 0.38+0.00° 0.20+0.00°
33 2-I% R 973.4 0.36+0.03° 0.27+0.01¢ 0.66+0.01° 0.34+0.02" 0.31£0.01°¢
34 1-J3 4 -3 - 1018.2 0.1340.03% 0.15+0.01° 0.1940.01° 0.1240.01% 0.1120.00¢
35 2-BEd — H Ak 1173.8 0.18+0.02¢ 0.30+0.02° 0.38+0.01° 0.26+0.03¢ 0.23+0.01¢
At 6 Fif
36 2-HIFEN IR 1503.7 7.0240.58" - - - -
37 LR AR 1518.8 6.76+0.52° 16.51+1.51° 6.46+0.65° 9.95+0.52° 9.42+0.33%
38 LR Rk 1516 11.27+0.75° 6.30+0.38° 1.50+0.31¢ 1.56+0.21¢ 2.054+0.23¢
39 )7L EREN 1665.4 1.15+0.08¢ 1.75+0.23¢ 0.91+0.07¢ 4.87+0.47° 5.48+0.33"
40 ]zt 20N 1666.8 0.16+0.01% 0.23+0.02" 0.12+0.02¢ 0.27+0.07° 0.45+0.06°
A1t 5 fif
41 LR TR 869.4 0.53+0.01¢ 0.5340.05¢ 7.55+0.63° 2.1840.05° 8.29+0.07°
42 N R TR 952.7 - 0.034+0.01° 0.09+0.02° 0.04+0.00° 0.03+0.00°
43 Z RN TR 969.8 - - 0.86+0.10° 3.44+0.03° 3.76+0.06"
44 LR T TR LA 1065.2 0.59+0.01¢ 1.10+0.07¢ 2.02+0.17¢ 2.47+0.15° 2.8640.05°
45 V79 e 1N 1069.4 - - 11.31+0.32* 1.28+0.13¢ 6.51+£0.33°
46 TR LT 1032.3 - 0.10+0.00° 0.11£0.02° - -
47 R T Tie 1134.9 - - - 0.90+0.11* 0.9340.09°
48 TR T HR 1203.1 - - - 1.2940.14° 1.1840.07°
49 2- TR C. g 1223.1 0.10+0.02° 0.28+0.01° 0.12+0.00° - -
50 R LT 1466.9 - - 1.060.03° - -
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51 - i 1229.7 - - - 0.51+0.01* 0.4340.02°
s
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52 2-13 e i g 1219.4 - - 0.18+0.01° 0.08+0.00" 0.0740.00°
s
(5] VI' 1 ﬁl
53 GRS 760.5 0.76+0.10° 0.88+0.07¢ 0.53+0.03¢ 4.86+0.11° 2.1840.05°
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Fig.1 Distribution of volatile flavor components in different
donkey milk powders
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Fig.2 GC-IMS two-dimensional spectra of volatile flavor compounds in different donkey milk powders
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