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Abstract

The objective of this study was to investigate the quality and environment properties of traditional Gochujang produced
by 56 rural farms in 8 regions of Korea for evaluating the relationship between the components and environmental
factors. Based on the regional means at the initiatory and after fermentation, the ranges of moisture content, salinity,
pH, and acidity of Gochujang were determined to be from 46.87+7.09% to 43.80+7.17%, from 7.52+2.21% to
8.53+£2.57%, from 5.01+0.30 to 4.63+0.34, and from 1.13+0.50% to 1.43+0.58%, respectively. The mean contents
of reducing sugar and amino-type nitrogen were from 16.46+7.63% to 20.48+7.57% and from 140.06+78.00 mg%
to 198.68+87.11 mg%, respectively. Hunter color values (L, a, and b) of Gochujang were from 26.16+9.27 to
22.49+9.02, from 21.87+6.31 to 20.14+7.58, and from 19.43+11.94 to 19.18+12.06, respectively. Total aerobic number
was increased from 6.50+1.29 log CFU/g to 8.15+0.88 log CFU/g, while the fungal number was steadily decreased
after fermentation. Next generation sequencing analysis to investigate the microbial communities revealed that
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the dominant bacteria in Gochujang belong to the phyla of Firmicutes and Cyanobacteria. Similarly, Aspergillus
spp. of the phylum Ascomycota was the predominant fungi in traditional Gochujang. Finally, according to principle
component analysis of the relationship between the quality and environmental properties of Gochujang, the contents
of amino-type nitrogen, salinity, titratable acidity, and reducing sugar had strong correlations with exterior humidity.
These results also suggest that the quality of traditional soybean sauces can be controlled by exterior environmental

change.
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Fig. 1. Change on the contents of moisture, salinity, pH and titratable acidity of Gochujang produced by 8 regional rural during

fermentation period (month).

GG, Gyeonggi-do; GW, Gangwon-do; CB, Chungcheongbuk-do; CN, Chungcheongnam-do; JB, Jeollabuk-do; JN, Jeollanam-do; KB, Gyeongsang

buk-do, KN, Gyeongsangnam-do.

Values represent the meanstSD. Any means in 8 region (a-d) at the same fermentation period followed by different letters are significantly (p<0.05) different by Duncan’s

multiple range test.
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Fig. 2. Change on the contents of reducing sugar and amino-type
nitrogen of Gochujang produced by 8 regional rural during
fermentation period (month).

GG, Gyeonggi-do, GW, Gangwon-do, CB, Chungcheongbuk-do; CN,
Chungcheongnam-do; JB, Jeollabuk-do; JN, Jeollanam-do; KB, Gyeongsangbuk-do, KN,
Gyeongsangnam-do. Values represent the meanstSD. Any means in § region (a-d) at
the same fermentation period followed by different letters are significantly (p<0.05)
different by Duncan’s multiple range test.
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Fig. 3. Change on color of Gochujang produced by 8 regional rural
during fermentation period (month).

GG, Gyeonggi-do, GW, Gangwon-do, CB, Chungcheongbuk-do; CN,
Chungcheongnam-do; JB, Jeollabuk-do; JN, Jeollanam-do; KB, Gyeongsangbuk-do, KN,
Gyeongsangnam-do. L, lightness; a, redness; b, yellowness. Values represent the
meanstSD.
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Table 1. Aerobic bacteria, coliform, B, cereus, yeast and fungi cell numbers of Gochujang produced by 8 regional rural during fermentation

period

lems  Fermentation Gochujang group (Log CFUJg)"
period GG GW CB CN B N KB KN Average
0m 6224132% 736094  7.86+0.88™  820:042%  7.78+0.82"  7.63:0.73"  7.60:043"% 586:2.17"®  6.50+1.29
Aeobic  3m  808132"  826+055%  772:081%  749:081% 751064  7.42¢079  7.43:049% 533179 6.92+1.23
bacteria 6m 8231.32%  8.08+0.53"  7.8040.84™  732+0.64%  747+0.74%  754+094M  8.09+038%  485+156% 7264133
2m  823:133*®  7.92:058% 7314103 7571053  725:066™  8.00:131%  7.92:046™ 7112063  8.15:0.88
0m 543123 0.00£000%  000£0.00  000£147°  0.00:000%  108+1.42% 0.84:221%  097:168"™  092+2.03
Coliforn 3m 271£0.00%  0.00£0.00*  0.00:000%  0000.00%  0.00:0.00*  000:0.00%  049+129*  0.00:000®  0.69:046
6m 17120.00%  0.00£000  000£0.00™  0.00:000®  000:000*  000:0.00™  055:147*  000:000™ 092052
2m 0.00£0.00%  0.00£0.00  000£000  000:0.00®  0.00:000*  000£0.00%  000:0.00*  0.00:000*  1.33:0.00
0m 300:0.514  110£139"™  2.60£142%  184:141%%  319:112%  2543144%° 22982334 1381141 179+1.58
2 cerens 3m 31451044 165EL7IA™  224:085% 117085 224:1.19"%  125£125A™ 149206 0.80:081"™  1.89+141
6m 200£147  L71:154%  200£118% 144156 1524145 157+L67M  1.89+209%  109+1.14%  2.14+148
12m 13761.60%  1.50+143%  253137%  173:142%  2.02:147°B  100£1.54%  227+181%  170:151% 2914149
0m L19£1.36%  3.57+046™  000:0.00%  404:150%  334x1.14*°  247:130"  340:104*°  078:0.83%  2.09:1.78
Veas 3m 0412138 2.13+1.82%"  2.80+1.37°B"  0.86+1.37%°  0924130%" 0.64£1.06™  241+1.69%  066£122*°  154x155
6m 0441119%  2424255%° 34251904  086:1.48%  0.60:0.86™  3.16:1.81%  368:162* 020053  231:196
2m 000:000%  2.641.82%°  2.15:1.42°%  123:1.89%  000:000%  332£1.68%  322£177% 037077 2.77:1.84
0m 000000  2.83:1.20  000:0.00%  146:1.92°  16410.16™ 1471147 263:247" 1512089 128%1.58
, 3m 000£0.73*  L14+147%  274:104°%  006:1.04%  337:694%  046:0.76™  203:2.50"  042:092 1474278
Fung! 6 m 000000  0.86+147%  000:0.00%  024+0.62%  0.09:021*  047:0.89  105:1.80*  0.56:1.11*  1.03+1.00
2m 000130 0.60+158%  201£138*  000:0.00®  000:000*  029:0.76™  L11+1.28*  050:0.85*  183+1.08

UGG, Gyeonggi-do; GW, Gangwon-do; CB, Chungcheongbuk-do; CN, Chungcheongnam-do; JB, Jeollabuk-do; IN, Jeollanam-do; KB, Gyeongsangbuk-do: KN, Gyeongsangnam-do.
YAny means in the same fermentation time (A-B) or region (a-<c) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.
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Fig. 4. Comparison of microbial community in Gochujang by using the next generation sequencing analysis. (A) Phylum and (B) Genus

level of fungi, (C) Phylum and (D) Genus level of bacteria.

GG, Gyeonggi-do, GW, Gangwon-do; CB, Chungcheongbuk-do; CN, Chungcheongnam-do; JB, Jeollabuk-do; N, Jeollanam-do; KB, Gyeongsangbuk-do, KN, Gyeongsangnam-do.

Four samples by region was analyzed.
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Fig. 5. The principal components analysis plots showing the relationships among the changes on components and exterior environment
of Gochujang produced by 8 regional rural during fermentation period.

GG, Gyeonggi-do; GW, Gangwon-do; CB, Chungcheongbuk-do; CN, Chungcheongnam-do; JB, Jeollabuk-do; JN, Jeollanam-do; KB, Gyeongsangbuk-do, KN, Gyeongsangnam-do.

Values represent the means+SD.
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