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Flavor Component, Fatty Acid and Organic Acid of Natto with Spice Added
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Abstract

Natto is a Japanese traditional food made from whele soybeans by the fermentation of Bacillus natio. This
study was attempted to improve the taste of Natto, garlic(2%) and red pepper oleoresin (0.2%) were added.
Conventional Natto (N-1), garlic Natto (N-2), red pepper oleoresin Natto (N-3), garlic and red pepper oleoresin
Natto (N-4) were prepared. Volatile flavor components, fatty acid, organic acid, pH and titratable acidity in all
samples were investigated. The experimental results revealed the presence of 62 volatile components in conven-
tional Natto. Among there, the major flavor compounds were identified to be 2,5-dimethylpyrazine, trimethyl-
pyrazine, 2,6-his (1,1-dimethylethyl)phenol. Seventy-one volatile compounds were detected in N-2, and major
compounds were identified to be methyl-2-propenyl disulfide, 2,6-bis (1,1-dimethylethyl}phenol and 2,5-dimeth-
ylpyrazine. The amounts of volatile compounds, 2-methoxyphenol and 1,2-benzenedicarboxylic acid increased
by addition of garlic, where as, 1,2-propanediol, 1-hexanol and 2,5-dimethylpyrazine decreased. The compoun-
ds, 4,5-dihydroxy-5-propyl-1H-pyrazole, 1,1,3-trimethylcyclopentane were identified in N-3. The compounds,
such as trimethylpyrazine, 3-ethyl-2,5-dimethylpyrazine increased by addition of red pepper oleoresin, whereas
1,2-propanediol, 1-hexanol and 2, 5-dimethylpyrazine decreased. Fatty acid compositions were mainly consisted
of linoleic acid (43.66~55.89%) and followed by oleic, palmitic, linolenic, stearic, arachidic, myristic acid. The
organic acids were identified to be citric (28.2~30.6), acetic (50.0~73.3) and pyroglutamic acid {2.1~3.7).
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Fig. 1. Total ion chromatogram of volatile components in Natto.
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Table 1. Volatile components of Natto fermented for 24 hours

Peak area (%)

Peak No. Compounds Rt" {min.)

N-1 N-2 N-3 N-4

1 Acetaldehyde 1.38 0.38 0.25 - -
2 Etharol 1.44 0.49 0.24 0.04 2.10
3 1,1"-Oxybisethane 1.52 2.25 3.02 1.04 3.20
4 2,3-Butanedione 1.74 0.70 1.33 1.02 295
5 Ethylacetate 1.84 1.17 1.19 1.00 9.22
6 3-Methyithio-1-propene 241 - 0.16 - 0.82
7 3~Hydroxy~2-butanone 2.53 2.74 0.58 2.06 G.43
8 3-Hydroxy-3-methyl-2-butanone 278 2.34 0.40 1.30 1.84
9 1,2-Propanediol 3.01 4.61 vl 1.82 1.62

10 I-Methylthio ethanol 3.2 0.27 - 0.18 -
1 Acetarnide 3.42 - 0.10 0.07 0.56
12 3-Methyl-2-butanoi 3.49 0.15 - 0.10 7.02
13 1,2-Butanediol 3.95 0.99 0.21 0.34 0.57
14 Hexanal 3.99 0.52 0.23 0.12 0.21
15 2-Propanol 4.19 0.16 0.09 0.16 0.33
16 2,4,5-Trimethyl-3-oxazoline 4.24 0.32 0.12 0.32 0.16
17 3-Methyl-3-pentanal 4.65 0.21 0.08 0.17 0.15
18 2-Furancarboxyaldehyde 4.89 0.21 0.08 0.14 0.37
19 1,3-Dioxolan-2-one 5.30 0,10 0.25 0.4 0.34
20 2Z-Furanmethanol 576 1.35 0.66 1.02 0.50
21 1-Hexanol 6.22 2.60 0.73 1.73 0.80
22 3,3" -Iminopropylamine 6.77 - 0.19 - 0.08
23 5-Methyl-2-hexanone 6.96 0.14 0.06 Q.17 052
24 2,5-Dimethylpyrazine 7.82 2462 9.77 18.36 11.97
25 3-Pyrrolidinol 9.45 - 0.12 - 0.06
26 6-Methyl-2-heptanone 9.85 0.29 017 012 6.08
27 Benzaldehyde 9.98 1.35 0.82 1.22 0.83
28 5-Methyl-2-heptanone 10.30 0.32 015 0.28 0.2
29 1-Octen-3-ol .14 3.28 1.80 2.59 0.92
30 2-Buten-1-ol 11.35 0.13 0.12 0.37 0.29
31 2-Pentylfuran 11.56 0.38 0.31 0.47 0.23
32 Phenc! e 1.64 1.94 1.21 1.40
33 Trimethylpyrazine 12.15 9.91 9.35 14.15 9.12
34 (E,E)-2,4-Heptadienal 12.56 0.22 0.08 0.06 0.03
35 Benzeneacetaldehyde 14.19 1.75 1.72 1.69 3.02
36 2-Decanone 14.88 0.45 0.65 0.52 0.45
37 &-Methyl-1-heptanol 14,93 0.06 0.14 0.15 0.16
38 4,5-Dihydroxy-5-propyl-1H-pyrazole  15.58 - - 0.60 0.43
39 1.1,3-Trimethylcyclopentane 15.70 - - 0.08 0.03
40 Methyl-2-propenyidisulfide 16.00 - 6.83 - 9.44
41 3-Ethyt-2,5-dimethylpyrazine 16.03 0.97 0.82 2.08 1.21
42 Tetramethylpyrazine 16.40 1.01 1.87 1.98 2,72
43 2-Methoxyphenol 16.59 0.46 1.09 1.01 1.08
44 3-Allylthiopropionic acid 16.63 - 0.85 - 0.18
45 3-Allyl-1 -thiacyclopentate 16.92 0.73 0.63 1.1 0.72
46 Nonanal 17.39 0.25 0.23 0.20 0.16
47 Methylcinnamate 17.66 0.22 0.49 (.35 0.22
48 Methyl-2-propenyltrisulfide 18.84 - 0.77 - 0.56
49 (E)-2-Nonenal 20.18 0.57 0.65 0.32 0.64
50 2-MNonanone 20.35 0.44 0.52 0.19 0.28
31 1-Nitrosoazetidine 20.84 - o.n - 0.06
52 5-Methyl-2-cyclohexanol 20.87 6.82 1.90 0.51 0.68
53 Methylbenzeneacetate 21.11 0.75 0.62 0.40 0.21
54 4-Methylbenzaidehyde 23.46 0.90 - 1.81 0.72
55 2,3-Dihydrobenzofuran 23.57 0.20 2.23 1.81 0.38
56 Ethylbenzengacetate 24.41 - 0.20 0.19 0.2
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Table 1, Continued
Peak area(%?
Peak No. Compounds Rt* {min.)

N-1 N-2 N-3 N-4
57 2-Tridecanone 25.03 0.25 0.38 0.43 0.20
58 (E,Z}-2,4-Decadienal 26.71 0.49 0.55 0.69 0.45
59 2,4,6-Trimethyl-1,3-benzenediamine  27.63 0.29 0.71 0.82 0.21
60 Decadienal 27.78 1.20 1.14 1.17 0.45
61 Dodecamethyl-cyclohexasiloxane 28.57 - 0.16 0.22 on
62 2-Methylpiperidine 2892 - 0.20 0.23 0.13
63 5-Pentyldihydrofuranone 29.85 0.27 0.51 0.44 0.30
64 2-Methyl-3-propylpyrazine 3417 0.76 017 0.93 0.18
65 3-Methyi-9H-fluorene 34.73 02 - 0.25 0.55
66 2,6-Bis (1,1 -dimethylethyllphenol 36.48 8.20 17.28 11.67 4.13
67 2-Methyl-3-octylpyrazine 38.48 012 - 0.44 .02
63 1,6-Dihydroimidazole 38.70 - 017 - 0.13
69 Pentan-1,3-dioldiisobutylate 39.78 0.51 - 0.47 0.39
70 Propanoic acid 39.87 0.23 0.53 0.24 0.55
71 2~Octanone 46.10 - 0.35 0.26 .21
72 2-Methyleicosane 47.46 0.20 0.14 0.40 012
73 Dodecane 50.93 0.63 0.08 0.12 0.09
74 Hexadecanoic acid 53.30 0.66 3.99 3.03 0.40
75 Trichioroeicosylsilane 57.97 015 0.36 - 0.16
76 Thipsulfuric acid 59.36 - 0.35 0.94 0.52
77 {Z}-9-Octadecenoic acid 61.30 - 1.33 0.86 0.62
78 Ociadecane 68.86 - 0.15 0.09 0.06
79 Hexatriacontane 66.23 0.16 0.1¢ 0.12 0.02
80 1,2-Benzenedicarboxylic acid 70.36 0.84 1.57 0.93 0.73

"Rt : Retention time 2 Tentatively identified by MS data
-1 1 Conventicnal Natio
N-2 : Natto added with 2% garlic
N-3 : Natto added with 0.2% red pepper oleoresin
N-4 : Natto added with 2% garlic, 0.2% red pepper oleoresin
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Tabie 2. Fatty acid contents of Natto fermented for 24 hours

{unit : %)
Type of Natto
Fatty acid

N-1 N-2 N-3 N-4
14:0 0.07 0.06 0.07 0.08
16:0 10.21 8.73 8.24 16.93
i8:0 3.69 3.28 2.94 3.73
18:1 20.27 17.36 7.30 21.50
18:2 54.26 46.37 43,66 55.89
18:3 6.23 5.08 5.42 6.23
20:0 0.43 0.42 0.37 0.44

See the Table 1 for the abbreviations
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24

Fermation time (hr)

Fig. 2. Changes in pH values of Natto during fermentation.
See the Table 1 for the abbreviations.

T-Acidity {0, IN Nast/m!)

Fermentation Time ¢hr)

Fig. 3. Changes in titratable acidity of Natto during fermen-
tafion.
See the Table 7 for the abbreviations.

Table 3. Changes in organic acid contents of Natto during fermentation (unit : mg%)
Fermentation time (hr)

Organic acid 12 24

N-1 N-2 N-3 N-4 N-1 N-2 N-3 N-4
Citric 514 52,9 42.4 385 8.2 28.5 30.6 29.3
Pyruvic - - - - - - - -
Malonic - - - - - - - -
Farmic - - - - - - - -
Acetic 46.7 56.6 53.3 46.7 53.3 50.0 73.3 73.3
Pyroglutamic - - - - 3.7 2.6 2.1 3.7

See the Tahle 1 for the abbreviations
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