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Abstract The quality of Korean doenjang, which was traditionally
made for this study, was monitored for physicochemical properties,
antioxidant capacity, and sensory properties at six months
intervals for three years. The collected data were comprehensively
analyzed using the k-means clustering via principal component
analysis (PCA) to determine the optimal intake duration and
sensory factors associated with acceptance. Doenjang samples
were classified with every year interval based on PCA, and then
the classified doenjang samples were further grouped into cluster
one, two, and three based on the k-means clustering. In Cluster
three, doenjang that was aged for thirty and thirty-six months,
respectively, showed high total phenolic content, antioxidant
capacity, superoxide dismutase like activity, and 2,2-diphenyl-1-
picryl-hydrazyl radical scavenging capacity. Interestingly, along
with acceptance, the levels of free amino acids and organic acids
were higher in Cluster 3. The sensory factors found to be
associated with acceptance included umami taste and brown color.
In conclusion, this study proposes the intake of doenjang aged for
thirty months based on its antioxidant activity and sensory
properties although doenjang is usually ready after twelve months
of aging.
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Table 1 Proximate compositions and physicochemical propertiesof Doenjang

Doenjang (Aging period, month)

Initial phase Mid phase Final phase
Before aging
6 12 18 24 30 36
Proximate compositions (%)
Moisture 58.4+0.1a 54.0+0.1¢c 55.240.1b 47.2+0.2d 40.2+0.2f 43.3+0.2¢ 38.8+0.3¢g
Carbohydrate 12.8+1.0d 14.4£1.2¢ 11.8+1.2¢ 16.6+0.2b 18.5+0.2a 14.8+0.0c 16.6+0.9b
Crude protein 13.1£0.8¢c 14.4+1.3b 13.4+1.3¢c 14.1+0.4b 14.9+0.1a 15.1+0.5a 14.9+0.9a
Crude lipid 1.340.1e 1.0£0.1e 2.5+0.1d 3.7+0.1c 3.9+0.2¢ 6.3+0.2b 8.3+0.3¢
Crude ash 14.3+£0.0g 16.1+0.0f 17.0+0.0e 18.4+0.1d 22.6+0.1a 20.5+0.2¢ 21.440.1b
Physicochemical properties
pH 6.7+0.1a 4.9+0.0cb 4.8+0.0e 4.8+0.0d 5.0£0.0b 4.9+0.0cd 4.7+0.0e
Total acidity (%) 3.4+0.1d 6.9+0.6¢ 8.3+0.7a 7.3+0.5¢ 7.6+0.0b 7.5+0.0b 7.5+0.0b
Salinity (%) 12.9+0.0e 15.3+0.3d 18.2+1.6¢ 17.8+0.0c 21.5+0.1a 19.6+0.1b 19.5+0.0b
Free sugars (mg/100 g)
Galactose 0.39+0.05cA 0.46+0.03cA 0.38+0.04cA 1.58+0.68bA 3.98+1.04aA ND ND
Glucose 0.45+£0.02bBA  0.26+0.01cB 0.05+£0.00dBC  0.53+0.06abB  0.41+0.00bB ND ND
Arabinose 0.16+0.02bB 0.05+0.01dC 0.08+0.01cB 0.91+£0.00aAB ND ND ND
Total 0.99+0.07¢ 0.76+0.04¢ 0.54+0.05¢ 3.01+0.74b 4.46+1.06a ND ND
Organic acids (mg/100 g)
Citric acid ND ND 74.9+1.8bB ND ND ND ND
Malic acid ND ND ND ND ND 7257.1+111.5aA 5807.3+7.4bB
Oxalic acid ND ND ND 53.8+0.0aC 48.7+0.2bD ND ND
Succinic acid ND ND ND ND ND ND ND
Formic acid ND ND ND 169.1+0.5aB 161.5+1.5bB ND ND
Lactic acid ND ND 451.8+11.2dA 977.6+5.6cA 861.2+4.4cA 22705.5£0.1bB  27597.2+344.3aA
Fumaricacid 29.9+1.2bB 36.6+1.6aB ND ND ND ND ND
Acetic acid 148.0£5.2bA  316.4+10.4aA ND 59.3+0.4cC 66.5+0.1cC ND ND
Total 178.0+4.9¢ 353.0+8.9de 526.7+9.6d 1259.8+5.7¢ 1137.9£5.8c  29962.5+111.6b  33404.5£351.7a
Fatty acids (peak area %)
Palmitic acid 14.0+1.5aC 12.5+0.3bC 12.1£0.0bC 13.1+0.2abC 12.6+0.2bC 10.5+0.2¢C 11.1£0.1cC
Stearic acid 4.6+0.3aD 4.240.1bcD 3.9+0.1cdD 4.34+0.0bD 4.140.1bcD 3.4+0.2¢D 3.840.1dE
Oleic acid 20.0+1.0abB 19.9+0.1bB 20.7+0.1aB 20.4+0.1abB 19.9+0.1bB 18.9+0.3¢cB 18.7+0.0cB
Linoleic acid 61.0+2.8bA 63.1+0.4aAB  63.2+0.1aA 62.0+0.3abA 63.1+0.4aA 57.2+0.4cA 56.7+0.3cA
Linolenic acid 0.1£0.0cE 0.1£0.0cE 0.1£0.0cE 0.1£0.0cE 0.1£0.0cE 10.1+0.4aC 9.4+0.0bD
Arachidonic acid 0.2+0.0bE 0.2+0.0bE ND 0.2+0.0bE 0.2+0.0bE ND 0.440.0aF
Total 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0
ND not detected

Values are means + SD (n =3). Means with different lower case letters (a, b, and c) are significantly different between fermentation periods and
with different upper case letters (A, B, and C) are significantly different between compounds by Duncan’s multiple range test at p <0.01
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Fig. 1 Acceptance of Doenjang. Data (n =12) are presented in a box. The
gray bars represent the 25th to 75th percentiles. Center horizontal solid
line and dotted line indicate median and mean. The closed dot represents
outliers. Whiskers show the range of the observed values that fell within
1.5 times the interquartile range. Different letters (a, b, and c) are
significantly different between samples by Duncan’s multiple range test
at p <0.01
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Fig. 2 Principal component analysis (PCA) score plot (A) and loading
plot (B) of Doenjang. The variables consist of proximate composition,
physicochemical properties and antioxidant capacity. Cluster 1: DO
(Before aging), D6 (6 months aging), D12(12 months aging); Cluster 2:
D 18 (18 months aging), D 24 (24 months aging); Cluster 3: D 30 (30
months aging), D36 (36 months aging)
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