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Abstract

Various honeys from different sources were analyzed using an electronic nose based on a mass spectrometer. Various hon-
eys were separated with different mixing ratios. Wild honey and artificial honey were blended at ratios of 100:0, 95:5, 90:10,
85:15, 80:20, 75:25, and 70:30, respectively. Data obtained from the electronic nose were used for discriminant function
analysis (DFA). The DFA plot indicated a significant separation of honey from different sources. As the concentration of
artificial honey increased, the first discriminant function score (DF1) moved from positive to negative (DF1: 1*=0.9962,
F=490.6; DF2: 1’=0.9128, F=19.44). Furthermore, when acacia honey was mixed with artificial honey and separated with
the mixing ratios, the DF scores were: DF1: ’=0.9957, F=396.64; DF2: ’=0.9447, F=29.3. When artificial honey was added
to wild honey, it was possible to predict the following equation; DF 1= -0.106x(concentration of artificial honey)+0.426 (r*=
0.96). For acacia honey, the DF1=-0.112x(concentration of artificial honey)+0.434 (r’=0.968).
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Table 1. Responses of ion fragments of flavored materials
from honey samples at various amu values

Response by electronic nose (x10'") [A]

1y Chestnut  Acacia Poly Rape  Other Artificial
Amu hone hone floral hone hone hone
Yy Y hon ey Yy y y

41 3.81 9.52 9.10 37.32 7.07 7.54
42 25.17 3636  38.04 10343  32.63 33.23
43 1296  29.31 28.18 150.69  21.13  21.69
44 70159 579.89 602.31 883.14 647.43 922.29
45 11.55 2785 29.13 20540 2137  23.56
46 16.61 1945  20.65 78.05 17.95 19.14
47 0.40 0.52 0.59 2.05 0.47 0.60
49 0.25 0.31 0.25 0.30 0.29 0.26
54 0.44 0.48 0.44 0.60 0.42 0.44
55 0.39 0.48 0.38 0.76 0.35 0.36
56 0.37 0.51 0.41 1.06 0.37 0.36
57 0.25 0.30 0.28 0.57 0.24 0.26
58 0.71 0.95 0.78 2.58 0.59 0.61
60 0.28 0.45 0.45 1.06 0.38 0.39
64 0.73 0.77 0.67 0.65 0.90 0.82
69 0.18 0.18 0.17 0.21 0.17 0.17
70 0.18 0.19 0.18 0.31 0.18 0.18
71 0.14 0.15 0.13 0.16 0.14 0.15
77 0.20 0.21 0.19 0.21 0.22 0.21
78 0.17 0.18 0.16 0.18 0.19 0.19
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Fig. 1. Discriminant function analysis of the obtained data of honey by MS based electronic nose (the first discriminant function
score, DF1: r’=0.9773, F=395.78 the second discriminant function score, DF2: r’=0.9382, F=139.79).

200 iterations - Data normalized by 40.00

DFA2 _

206014
@ (@D
> i
2 P77 R NI NIN———— i - —
U .

20601
406011 :

Rape honey

20601

DF1

20601 40E01

Fig. 2. Discriminant function analysis of the obtained data of rape honey by MS based electronic nose (the first discriminant
function score, DF1: r’=0.9991, F=2434.7 the second discriminant function score, DF2: r’=0.9966, F=668.02). Honeys were

obtained from 7 companies.
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Table 2. Responses of ion fragments of flavored materials from honey samples at various amu value

Response by electronic nose (x10'!) [A]

Concentration of artificial honey in acacia honey (%) DF1=aX"+b 1
amu 0" 5 10 15 20 25 30
41 28.11 31.14 32.20 35.05 38.85 40.64 42.58 y=0.4931x+28.113 0.987
42 83.17 89.98 92.70 98.93 107.91 112.50 117.45 y=1.165x +82.901 0.989
43 91.75 102.88 106.97 117.05 133.35 140.31 147.85 y=1.9253x+91.145 0.984
45 110.42 126.02 131.09 144.88 168.26 179.78 189.60 y=2.7302x+109.05 0.980
46 50.06 54.93 56.51 61.17 68.96 72.78 76.32 y=0.9066x+49.364 0.980
47 1.30 1.46 1.52 1.61 1.85 1.93 2.03 y=0.0247x+1.3014 0.976
48 3.19 3.19 3.26 3.33 3.35 3.34 3.41 y=0.0075x+3.1836 0914
54 0.44 0.46 0.47 0.49 0.49 0.50 0.51 y=0.0022x+0.4487 0.969
56 0.66 0.70 0.72 0.76 0.81 0.83 0.87 y=0.0071x+0.6573 0.997
58 1.66 1.78 1.81 1.93 2.10 2.17 222 y=0.0198x+1.6565 0.973
60 1.01 1.12 1.17 1.22 1.30 1.39 1.43 y=0.0138x+1.0273 0.990

Samples were mixed artificial honey and wild honey at different concentrations.
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Fig. 3. Discriminant function analysis of the electronic nose
data for mixture of wild honey (W) and artificial
honey (A) at different concentrations (the first dis-
criminant function score, DF1: r’=0.9962, F=490.6;
the second discriminant function score, DF2: r’=0.9128,
F=19.44) (top), relationship between DF1 and concen-
tration of wild honey (bottom).
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Table 3 Responses of ion fragments of flavored materials from honey samples at various amu value

Response by electronic nose (x10'") [A]

Concentration of artificial honey in acacia honey (%) DF1=aX"+b 1
amu 0" 5 10 15 20 25 30
41 21.82 2443 30.54 30.58 34.15 37.62 39.34 y=0.5897x+22.365 0.970
43 67.00 75.02 95.98 96.24 109.22 121.92 129.26 y=2.0987x+67.754 0.975
45 72.54 83.42 110.73 111.26 129.13 146.79 157.28 y=2.8527x+73.087 0.977
46 40.64 44.07 52.69 52.72 58.30 63.82 67.10 y=0.8891x+41.852 0.976
47 0.92 1.00 1.26 1.27 1.43 1.57 1.69 y=0.0259x+0.9155 0.987
56 0.62 0.66 0.72 0.72 0.76 0.80 0.87 y=0.0076x+0.624 0.964
57 0.38 0.40 0.44 0.44 0.45 0.49 0.50 y=0.0038x+0.3839 0.965
58 1.21 1.32 1.61 1.62 1.76 1.94 1.98 y=0.0253x+1.2378 0.962
59 0.22 0.24 0.25 0.25 0.26 0.27 0.28 y=0.0018x+0.2261 0.970
60 0.86 0.92 1.10 1.10 1.16 1.27 1.34 y=0.0159x+0.8697 0.958
61 0.19 0.20 0.22 0.22 0.23 0.24 0.24 y=0.0018x+0.1927 0.931
70 0.20 0.20 0.22 0.23 0.23 0.23 0.25 y=0.0015x+0.2001 0.917

Samples were mixed artificial honey and acacia honey at different concentrations.
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Fig. 4. Discriminant function analysis of the electronic nose
data for mixture of acacia honey (C) and artificial
honey (A) at different concentrations (the first dis-
criminant function score, DF1: r’=0.9957, F=396.64;
the second discriminant function score, DF2: 1?=0.9447,
F=29.3) (top), relationship between DF1 and concen-
tration of acacia honey (bottom).
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