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Analysis of Volatile Flavor Compounds Dairy Products by Headspace

Gas Chromatography-Ion Mobility Spectrometry
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Abstract: Headspace Gas chromatography-ion mobility spectrometry (HS-GC-IMS) was used to
analyze the volatile flavor compounds different dairy products, including two pasteurized milk,
five ultra-high-temperature sterilized milk and one reconstituted milk. A total of 29 compounds
were identified, mainly aldehydes, ketones, alcohols, esters, and others. Methyl hexanoate, ethyl
butanoate, 3-methylbutyl acetate, ethyl acetate, ethyl pentanoate, 1-pentanol, and limonene
constituted the characteristic peak region of pasteurized milk; furfural, benzaldehyde, methyl
isobutyl ketone, 2-octanone, 1-butanol, and isopropyl acetate constituted the characteristic peak
region of reconstituted milk; and new volatile compounds generated by sterilization constituted

the characteristic peak region of ultra-high-temperature sterilized milk. By means of principal



component analysis (PCA), the different types of dairy products were clearly classified. This study
indicates the usefulness of GC-IMS to discriminate different dairy products.
Keywords: Headspace gas chromatography-ion mobility spectrometry; dairy products; volatile

flavor compounds; PCA;
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1.2.2 GC-IMS% A+

GC%ff: FS-SE-54-CB-1B i34 (15 m>X 0.53 mm, 1 pm) ; F:IR60°C ; 43 M7 [E]30min;
BAAAN (AE=99.999%) 5 HATUEME T : WIAEHIES mL/min, {R¥F2 min: 8 min 4L
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% 54k pentanal 686 87 1.4248 0.12£0.04a 0.10£0.01a 0.0540.01a~0.40£0.05a 0.05%0.01a
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JX% pentanal

OV B4R hexanal

C.l% hexanal

FieE — R4 furfural

e furfural

PEE 4K heptanal

Pil% heptanal

KW benzaldehyde

i

LEES

Vil acetone

2-1 Wi 244 ethyl methyl ketone

2- 7'l ethyl methyl ketone

2-J%Hf 2-pentanone

2-JR i — A4 2-pentanone

4-FEE-2- TR % 4A methyl isobutyl ketone

4-H5E-2-/% 8 methyl isobutyl ketone

2-CV i =24k butyl methyl ketone

2-CF butyl methyl ketone

2-JEf — %44 2-heptanone

2-JJ¢flil 2-heptanone

2-3¢fii] 2-octanone

2-Fi 5/ 2-nonanone

2-F:fi 2-nonanone

687

796

797

835

836

906

907

963

497

599

600

675

676

731

733

786

787

897

898

997

1087

1088

88

147

148

179

180

258

259

346

49

60

61

83

84

107

109

140

141

246

247

413

668

669

1.184 0 1.23£0.16a 1.62£0.03a 0.60%0.01a~3.54%0.36a 0.55%0.02a
1.5649 — — — _
12559 1.69£0.09a 4.89+0.07a 2.94+0.62a~6.65+£0.67a 2.00£0.13a
0.084+0.01bc~0.13 £+
1.3353 0.04£0.01¢ 0.11£0.01b 0.2240.03a
0.01bc
1.083 7 0.25+0.02¢ 0.3940.01bc 0.5440.02b~0.78 +£0.06b 1.40£0.11a
1.6970 — — — —
1.326 4 0.75£0.02a 1.07£0.01a 0.8440.06a~3.29%0.11a 1.00£0.01a
1.1505 0.82+0.01a 0.42+0.01a 0.72+£0.04a~1.46£0.06a 1.18+0.11a
4.90£0.35 8.60+0.15 5.774£0.77~16.25+1.32 6.40+0.42
1.124 4 0.71£0.01a 0.64£0.05a 1.8940.17a~4.41£0.10a 1.71£0.09a
1.248 8 4.38+0.12b 7.4440.59ab 9.354+0.14a~14.394+0.31a 6.5940.01b
1.060 7 3.174£0.02b 6.9610.28ab 6.99+0.25a~13.08£0.15a 2.63%0.07b
1.1227 — — — —
13718 1.35£0.04¢ 2.86%0.19bc 8.40£0.45a~15.98+0.06a 9.8610.23ab
1.486 2 0.1640.03b 0.38%0.12b 0.3040.01b~0.5040.06b 12.034+0.24a
1.1790 0.284+0.02¢ 0.8540.14b 0.554+0.06b~0.9940.15b 4.63+0.01a
0.2440.06ab~0.77+
1.5072 0.06£0.01b 0.16£0.02b 0.84%0.01a
0.01ab
1.190 7 0.3240.02b 0.6540.03ab 1.2940.01a~2.66+0.03a 1.57£0.02ab
18.624+0.32a~31.97+
1.6328 2.29£0.07b 4.02%0.13b 24.8410.36a
0.13a
1.260 7 - - - -
1.3353 0.35+0.01c 1.0540.05a 0.50+0.06b~0.73 £0.04b 0.57+0.01bc
1.8814 0.30£0.01¢ 0.63£0.01¢ 1.00£0.07b~1.4310.06b 4.07£0.01a
6.41£0.10ab~10.65+
1.406 0 1.45£0.01¢c 2.4440.10bc 11.714+0.14a

0.39ab
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2-FIFEPIRE 24K 2-methylpropanol

2-HIIE Y 2-methylpropanol

1- 7B %4k 1-butanol

1- 7'l 1-butanol

1-J% [ 1-pentanol

LR OB R4k ethyl acetate

LR LT ethyl acetate

Jiii i 5t 1S isopropyl acetate

LIRS T isobutyl acetate

LPES T TR AR isobutyl acetate

T LT 54k ethyl butanoate

TR I ethyl butanoate

LR T 54K butyl acetate

L& Tl butyl acetate

LRSS 3-methylbutyl acetate

LIRS %44 3-methylbutyl acetate

TR 2T % f& ethyl pentanoate

JY 2T ethyl pentanoate

P2 T B 284K butyl propionate

A2 Tl butyl propionate

CUZH S methyl hexanoate

626

628

655

658

767

615

616

651

769

770

800

801

815

817

883

884

903

904

915

916

933

67

68

76

79

128

64

65

75

129

130

150

151

161

164

228

229

253

255

269

271

295

14.8240.37 36.85%1.71 55.5441.70~97.56+ 1.49 81.05%+1.20
13626 0.08%0.01b 0.06%0.01b 0.0540.01b~0.0840.02b 0.8140.10a
1.170 6 0.1040.01b 0.26+0.01b 0.2840.01b~0.3940.07b 324+0.21a
1.3773 0.03%0.01b 0.07%0.01b 0.0740.01b~0.11%0.01b 0.75+0.24a
1.180 6 0.2840.01c 1.20%0.06b 0.4440.01c~0.61£0.09¢ 2.25+0.17a
0.2340.05bc~0.53+
12527 0.49+0.01b 2.4140.09 0.14+0.03¢
0.04bc
0.9840.05 4.00%0.18 1.0740.09~1.7240.23 7.1940.75
1.340 1 2.354+0.0la 0.3940.07b 0.1640.01b~0.3240.05b 0.35+0.08b
0.40%0.02bc~1.25+
1.098 5 2.3340.02a 1.1240.08b 0.1640.02¢
0.04bc
1.1617 0.1240.01a 0.1840.01a 0.324+0.01a~1.21£0.01a 0.62+0.05a
12319 4.0140.01a 1.05+0.01b 0.2940.03¢~0.62%0.08¢ 0.1640.02¢
1.6173 3.03£0.01a 0.16%0.02b 0.1740.01b~0.24%0.01b 0.05+0.01c
1.5642 — — — —
1.2079 3.59+0.02a 0.8740.03b 0.8040.056~0.9940.01b 0.54+0.06¢
1.623 4 2.9840.01a 2.9740.03a 0.1740.01b~0.34%0.03b 0.08%0.02b
12375 4.0640.02b 6.9240.11a 0.3340.01¢~0.80%0.06¢ 0.2740.01c
13044 6.0940.03a 4.454+0.01b 0.2140.0c~0.580.01¢ 0.2840.02¢
17520 6.9340.03a 0.2740.02bc 0.2040.01b~0.36+0.01b 0.10+0.01c
1.6856 0.1540.01c 10.8540.09 0.33+0.01b~0.584+0.08b  0.27%0.01bc
12627 — — — —
1.725 7 0.1240.01b 2.2640.06a 0.2240.01b~0.3940.06b 0.1340.04b
1.2846 0.2440.01c 7.3240.03a 0.4440.06b~0.56+0.13b  0.39+0.12bc
0.1840.03bc~0.33%
1.2875 1.08+0.01a 0.21+0.01b 0.0840.01c

0.01bc
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J'B2 Tl butyl butanoate 1001 425 1.3406 6.231+0.06b 6.9540.09a 0.42+£0.05¢~0.79£0.23¢ 0.37£0.01c
JHZ THE 284k butyl butanoate 1002 426 1.8274 0.25+0.01b 0.4710.04a 0.07£0.02¢~0.13£0.01c 0.03+0.01¢c
0.454+0.10bc~0.99+
IECER 4 21k ethyl hexanoate 1005 434 1.8032 11.13£0.082a 1.1340.06b 0.21+0.04¢
_ _ 0.01bc
IE VR T ethyl hexanoate 1006 435 1.3370 12.5740.02a 9.1940.09b 0.78 £0.06c~1.62+0.28¢ 0.54+0.04c
0.7140.03ab~1.32+
TR%EE pentyl butanoate 1059 576 1.408 7 8.07£0.07a 1.31£0.05b 0.30+0.03¢
- N 0.10ab
IR IK G %R pentyl butanoate 1060 577 1.943 9 1.66+0.01a 0.44+0.01bc 0.35+£0.03b~0.68£0.10b 0.17£0.01c
&t 76.9940.46 58.514+0.92 7.00+0.56~14.10£1.32 5.10+£0.62
ot
0.2440.03bc~0.49+
¥} limonene 1028 488 1.2182 1.14+0.04a 0.3940.01b 0.13+0.01¢c
- 0.17bc
Frighi — % 44& limonene 1029 489 1.293 6 1.1740.03a 0.40+0.01b 0.314+0.07b~0.484+0.02b 0.13+0.01¢c
&t 2.31£0.07 0.79+0.02 0.55+0.97~0.97£0.19 0.26+0.02

2.3 GC-IMS 188U E#E 43T
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