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Comparative analysis of sensory profiles of commercial cider vinegars from
Korea, China, Japan, and US by SPME/GC-MS, E-nose, and E-tongue
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Yong-Jin Jeong™, and Joong-Ho Kwon
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Abstract Solid phase microextraction and gas chromatography-mass spectrometry (SPME/GC-MS), electronic nose, and
electronic tongue were used to characterize the sensory profiles of cider vinegars from Korea (K1-2), China (C1-2), Japan
(J1-2), and US (U1-2). SPME-GC/MS detected acetic acid as the common volatile compound in all vinegars, in addition
to isovaleric acid, octanoic acid, and phenethyl acetate. Acids and acetic esters were the major components of Korean and
US vinegar samples, respectively. Chinese vinegars had high ethyl acetate content, while Japanese samples were
characterized by a low content of acetic acid. Principal component analysis (PCA) pattern provided a clear categorical
discrimination of Chinese vinegars by E-nose and E-tongue analyses. The instrumental sensory scores and the taste
attributes for flavor (+*=0.9431), sourness (+’=0.9515), and sweetness (*=0.8325) were highly correlated. Therefore, SPME/
GC-MS, E-nose, and E-tongue analyses may be useful tools to discriminate the sensory profiles of cider vinegars of
different origins.
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Table 1. Volatile compounds (Unit: peak area, %) of naturally-fermented commercial cider vinegars from different countries

RT Korean cider vinegar Chinese cider vinegar Japanese cider vinegar American vinegar
. Component
(min) K1 K2 Cl C2 I 2 Ul U2
Acetic esters
9.48 Ethyl acetate D 0.22+0.00  5.65+1.75 3.17£0.30 2.11+0.01  5.86+0.57 5.89+0.87 4.61+0.17
16.55 TIsobutyl acetate - - 0.10£0.01  0.05£0.00  0.08+0.04  0.20+0.01  0.10£0.00  0.35+0.10
23.05 Isoamyl acetate - 0.40+0.03  0.34+0.02  0.35+0.02 0.27+0.01  0.78+0.02  1.23+0.10  1.91+0.52
53.39 Ethyl phenyl acetate 0.05+0.01 - 0.09+0.02  0.07£0.01  0.05£0.00  0.08+0.00  0.21+0.01  0.07+0.01
54.52 Phenethyl acetate 1.3540.32  3.58+0.0 1.83£0.45  0.87£0.08  2.09+0.06  1.65+0.01  3.84+0.30  3.79+0.81
Total 1.40 420 8.01 4.51 4.60 8.57 11.27 10.73
Acids
14.32  2-Butenoic acid 0.23+0.07 0.1£0.01 - 0.07£0.01  0.04+0.00 - 0.07+0.00 -
39.34  Acetic acid 50.99+6.81 65.46+3.59 53.55+8.68 62.41+£3.65 59.15£0.84 62.47+1.58 45.934+2.86 48.07+7.21
44774 Propionic acid 0.14+0.01  0.07+0.01  0.38+0.15  0.93+0.11  0.15+0.01 - 0.17£0.01  0.17+0.02
46.12 TIsobutyric acid 0.35£0.02  0.16+0.01  0.14+0.01  0.11+0.01 - 0.17£0.11  0.19+0.01  0.26+0.01
48.39 Butyric acid 0.47+0.08  0.17+0.03 - 0.13+0.01 - - 0.25£0.02  0.21+0.04
49.81 Isovaleric acid 4.60+£035 2.10+0.33  1.15£0.19 0.61£0.06  0.47+0.01  3.02+0.04 4.72£0.25  1.32+0.23
56.75 Hexanoic acid 2344025 0.33£0.18 0.36£0.06  0.81+0.02  0.43+0.10  0.58£0.35 1.7740.19  0.36+0.24
63.65 Octanoic acid 5.7840.18  3.42+0.52  5.03+£1.26  0.65+0.13  5.91+0.23  1.18+0.15 2.84+1.99  2.18+0.45
68.41 Palmitic acid 0.11£0.04  0.10£0.06 ~ 0.11£0.10  0.06£0.01  0.14+0.01  0.11£0.03  0.21+0.04 -
70.60 Decanoic acid 4374218 236+129  3.62+0.94 - 4.07+0.45 - 3.55£0.25  3.80+0.78
79.77 Lauric acid - 0.53+0.04  2.85+1.08  0.23+0.08  0.07+0.01  0.75+0.16  1.83+0.08  1.99+0.24
Total 69.38 74.80 67.19 66.01 70.43 68.28 61.53 58.36
Alcohols
17.60 2-Butanol - - - 0.77+0.10 - - - -
21.74 Isobutyl alcohol - - 0.07£0.01  0.65£0.06  0.53+0.01  0.08+0.01  0.04+£0.00  0.18+0.05
28.06 2-Methyl-1-butanol 0.09+0.02  0.69+0.07  0.75+0.23  0.51+0.06  0.44+0.01  1.41+0.08 1.86+0.24  3.00+0.94
45.15 2,3-Butane diol 1.2440.05 0.31£0.10  0.13+0.02  0.27+0.01  0.06+0.01  0.10£0.04  0.67+0.06  0.05+0.02
57.87 Phenethyl alcohol 2.6240.70  4.50+0.72  2.29+0.51 1.20+£0.11  3.12+0.14  3.03£0.12  4.50+£0.27  5.96+0.12
59.71 2-Dodecanol - 0.10+£0.05  0.07+0.05  0.04+0.01  0.06+0.04  0.13+0.12  0.11+0.01  0.10+0.01
Total 3.95 5.60 3.31 3.44 421 4.75 7.18 9.29
Aldehydes
40.28 Furfural 3.48+0.23  2.02+0.24  4.03+1.24 - 1.92+0.07  2.68+0.23 - -
43.00 Benzaldehyde 3.51£0.01  0.89+0.05 0.51+0.12  0.18+0.01  0.65£0.01  0.63£0.05  0.21+0.01  0.52+0.09
78.01 5-Hydroxymethyl furfural 0.42+0.04 0.33+0.16 - - - 0.37£0.06  0.23+0.03
Total 7.41 291 4.87 0.18 2.57 3.31 0.58 0.75
Ethyl esters
13.24 Ethyl propionate - - - 0.12+0.01 - - - -
18.00 Ethyl butyrate - - - 0.17+0.01 - - - -
19.95 Ethyl isovalerate - - 0.10£0.04  0.05£0.02  0.09+0.01  0.07+0.02  0.10£0.01  0.10+0.06
29.44 Ethyl hexanoate - - - 0.03+0.01 - - 0.05+0.00 -
34.84 Ethyl lactate - - - 0.11+0.01 - - 0.29+0.01 -
5547 Ethyl laurate - - - - - - 0.15£0.01  0.10+0.01
62.54 Ethyl isovalerate 0.19+0.11  0.10+0.02 - 0.30+£0.04  0.07+0.01 - 0.39+£0.01  0.15+0.04
68.86 Ethyl palmitate 0.60+£0.18  0.21+£0.03  1.00£0.45  0.22+0.01  0.10£0.04  0.17£0.01  0.51+0.03  0.64+0.16
Total 0.79 0.31 1.10 1.00 0.26 0.24 1.49 0.99
Others
12.16 Dimethyl ether - 0.23+0.01  8.86+0.33  8.45+1.17 4.04+0.64 5.50+0.57 4.68+0.50  5.44+0.18
31.99 Acetoin 4.91+£0.70  1.73%0.07 0.7+0.18  2.75£020  0.83+£0.04  0.20+0.01  1.87+0.16  1.28+0.33
36.63 Isobutyramide 0.11+£0.02  0.05+0.01 - 0.02+0.00 - - - -
42.17 2-Acetyl furan 0.20+0.01  0.11+0.03  0.16+0.04  0.09+0.04  0.13+0.00  0.12+0.03  0.09+0.01  0.09+0.01
Total 5.22 2.12 9.72 11.31 5.00 5.82 6.64 6.81

YNot detected.
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Fig. 1. Odor profiles based on PCA with E-nose measurements of naturally-fermented commercial cider vinegars from different

countries.
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Fig. 2. Intensity comparison of 7 E-tongue sensors of naturally-fermented commercial cider vinegars from different countries (A) and

taste profile based on PCA (B) (BRS: bitterness, SWS: sweetness, UMS: umami, STS: saltiness, SRS: sourness).

Table 3. Comparison of sensory scores of naturally-fermented commercial cider vinegars from different countries

Sample

Sensory properties

Color Odor Sourness Sweetness Overall acceptance
K1 4.33+0.90™ 3.60+1.40° 5.80+0.41% 3.80+0.86% 5.33+0.72°
K2 4.07+0.96° 3.60+1.40° 4.40+0.99° 3.80+0.77% 4.27+0.70¢
Cl1 5.53+0.83* 5.40+0.83° 5.20+1.01% 3.80+0.68™ 5.20+0.56°
C2 4.00£1.00° 5.07+1.03* 5.40+0.74* 4.40+1.18° 5.13+0.92°
J1 5.00£0.93% 4.40+0.91" 4.60+0.83" 3.47£0.99° 4 47+0.74%
2 4.33+0.82" 4.60+£0.91"™ 4.20+1.26° 3.47£0.64° 4.33+0.90°
Ul 4.20+0.77¢ 4.13+0.74% 4.33+0.98° 3.80+0.77% 4.40+0.63"
u2 4.33+0.90% 4.27+0.96™ 5.13£0.74* 4.20+0.94° 4.93+0.80%

*dValues with different small letters within the same column are significantly different at p<0.05 based on Duncan’s multiple range test
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Fig. 3. Relationship between instrumental sensory scores and
taste attributes for flavor (A), sourness (B), and sweetness (C).
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