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Fermentation of Kanjang, Korean Soy Sauce, in Porosity-Controlled
Earthenwares with Changing the Mixing Ratio of Raw Soils

Sun-Kyung Chung*, Kwang-Soo Lee', and Dong-Sun Lee’

Department of Confectionery and Baking, Changwon College
'Busan Regional Food and Drug Administration
*Division of Food Science and Biotechnology, Kyungnam University

Abstract This study focuses on investigating the effect of porosity-controlled earthenware on fermentation of kanjang,
Korean soy sauce. -Porosity of fermentation vessel was controiled by changing the mixing ratio of raw soils at
manufacturing earthenware. Earthenwares contented 0%, 40% and 60% of the mixture of red brown soil and powdered
soil (1 :1), respectively. The more contents of the mixed soil, the more porosity in earthenware. During fermentation of
kanjang in porosity-controlled earthenwares at 30°C for 4 months, physical, chemical, microbiological and sensory quality
attributes were monitored. Compared to other containers, kanjang in the earthenware that had 0% mixed soil showed less
water loss, salt content and pH. It also produced higher total acidity, protease activity, total nucleotide, and microbiological
changes which included total acrobic bacteria, lactic acid bacteria and yeast. Total nitrogen and free amino acids in
kanjang did not show the consistency with the mixed soil contents of fermentation containers, which may take more effect
of other factors as water loss than the porosity of vessels. However, the percentage of glutamic acid in total free amino
acids was a little higher in the earthenware that had 0% of mixed soil than other containers. These positive
physicochemical, microbiological changes also resulted in higher sensory quality.
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Table 1. The mixing ratio of raw materials for the fabrication of
onggi

. Mixing ratio (%)
Container name
Onggi soil RP soil”
0% RP soil onggi 100 0
40% RP soil onggi 60 40
60% RP soil onggi 40 60

YRP soil: the soil that contains the same amount of red brown soil and
powdered soil.
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Fig. 1. Changes in water loss of kanjang, Korean soy sauce,
fermented in earthenwares which have the different composition
of soils. See the container names on Table 1. A: 0% RP soil onggi,
(O: 40% RP soil onggi, [1: 60% RP soil onggi.
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Fig. 2. Changes in salt content of kanjang, Korean soy sauce,
fermented in earthenwares which have the different composition

of soils. See the container names on Table 1. 2: 0% RP soil onggi,
O: 40% RP soil onggi, [1: 60% RP soil onggi.
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Fig. 3. Changes in total nitrogen content of kanjang, Korean soy
sauce, fermented in earthenwares which have the different

composition of soils. See the container names on Table 1. A: 0%
RP soil onggi, O: 40% RP soil onggi, [1: 60% RP soil onggi.
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Fig. 4. Changes in pH of kanjang, Korean soy sauce, fermented
in earthenwares which have the different composition of soils.
See the container names on Table 1. A: 0% RP soil onggi, O:
40% RP soil onggi, [1: 60% RP soil onggi.
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Fig. 5. Changes in total acidity as lactic acid of kanjang, Korean
soy sauce, fermented in earthenwares which have the different

composition of soils. See the container names on Table 1. 2: 0%
RP soil onggi, O: 40% RP soil onggi, [1: 60% RP soil onggi.
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Fig. 6. Changes in protease activity of kanjang, Korean soy
sauce, fermented in earthenwares which have the different
composition of soils. See the container names on Table 1. A: 0%
RP soil onggi, O: 40% RP soil onggi, [1: 60% RP soil onggi.
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Fig. 7. Microbiological changes in a) total aerobic bacteria, b)
lactic acid bacteria and c) yeast of kanjang, Korean soy sauce,
fermented in earthenwares which have the different composition
of soils. See the container names on Table 1. 2: 0% RP soil onggi,
O: 40% RP soil onggi, [1: 60% RP soil onggi.
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fermented in earthenwares which have the different composition F he A FAA SUtstel ald A Rlsd pEen
of soils. See the container names on Table 1. 2A: 0% RP soil onggi, FRBHgTh A AAEg B AL =4 37iER 0% RP

O: 40% RP soil onggi, [1: 60% RP soil onggi. soil onggiolAl 205 mg%E Ho 7Pg =Tl Ed aAFA, v
AE Wst 53 vRHE 4 oA e RP soildt
ol vhe A FAdrE EA Ve

RP soil onggisollA] Hrl =& FREAE 8l A dd=go] zo}

A 2oy @] gl P JIE vi ZeF Al 2 falotn|ite] Hat
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A Hrh =2 AAE BASUch 94 7 54 of] dodsle & shafo] 1z} 4661, 5357, 5317 mg/100 g2 0% RP soil onggid)
T T2 Ugdanedd oEL f7g Tol on Ax A Zfejolu)ieal gafo] b e AiE \5Hth ol#d A=
HRE w dILHF 52 s 1] g2 Fdie w 3§ 7h ZE) Tl e ARoA gRede] A 40%e] o] 2R
Yo 2038 982 sl ®©Hok15). B AFN 7 w4 2 § H 40%9) 60% RP soil onggisolA] H& fejotr]wmAl Shaks B

Table 2. Changes in the free amino acids content of kanjang, Korean soy sauce, fermented in earthenwares that have the different

composition of soils (mg/100 g)
Fermentation time (month)
Amino acid Control 1 2 3 4
0% 40%° 60%” 0% 40% 60% 0% 40% 60% 0% 40% 60%
Cys ND ND ND ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND ND ND ND
Asp 193 479 532 546 266 253 316 652 776 780 678 705 706
*Thr 83 131 143 143 60 36 71 108 255 219 132 172 188
Ser 63 116 137 147 53 21 63 126 242 169 158 222 256
Glu 300 956 1,103 1,147 544 485 667 1,014 1,180 1,325 1,044 1,042 1,106
Pro 214 622 679 691 219 299 242 276 536 253 299 365 442
Gly 195 278 315 308 150 158 173 293 225 312 308 226 200
Ala 194 392 454 445 205 214 225 401 442 346 427 401 412
*Val 111 281 316 304 152 152 170 316 423 345 269 431 421
*Tleu 157 197 236 223 105 118 118 210 285 249 249 324 316
*Leu 149 315 367 341 171 171 186 354 369 386 301 324 288
*Phe 116 149 281 149 83 83 100 133 149 149 149 199 123
*Lys 604 528 557 616 438 453 497 496 596 566 467 603 596
*His 31 93 93 93 62 62 62 124 124 140 171 155 155
*Arg ND 122 140 157 105 87 105 191 236 246 191 241 261

Total aminoacid 2410 4661 5357 5317 2616 259 3,002 4698 5842 5492 4848 5434 5477
*Essencial aminoacid 1,251 1,816 2,133 2,026 1,176 1162 1309 1932 2437 2300 1929 2469 2348

UEarthenware that contains 100% of onggi soil.
?Earthenware that contains 60% of onggi soil and 40% of the mixture of red brown soil and powdered soil (1:1).
JEarthenware that contains 40% of onggi soil and 60% of the mixture of red brown soil and powdered soil (1 :1).
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Fig. 9. Changes in color of kanjang, Korean soy sauce, fermented
in earthenwares which have the different composition of soils.
See the container names on Table 1. A: 0% RP soil onggi, O:
40% RP soil onggi, [1: 60% RP soil onggi.

>

g

Q1 ¥ FoiFos we FREH) OF 28%F H9l 0% RP
soil onggig&oll A WaE g ot At Faks Hel A
2 FEZ a7t 9o oA FREH E IY9Y
Ue Aoz AGFH Ik vl 7 2| £ 7MY Bol AAE
= Zoz dEzl ol)=4k) glutamic acid7} THE AF(18)¢} v}
AR BE AN 7bg 2 F8g BT 7PgA 1)
oA o ke Holx opu| Akl cystein® methionindH -
& A¥olMe &S olsig. 91, 3 ke U= Bl
217 glutamic acide 74 LA FRalobelestel tiHls)
A1 B 0% RP soil onggiolA 21.5%=Z 40%2} 60% RP soil
onggis 747+ 192, 202%¢°] HI3] £& ¢S HATh

&

o] A% Wale Fig 981 2t} wlE Uep= Latd
= .7l 3

=]
agt, T2l bt EF AEL Xolx o}

W7k DBl Wk RP soil T WE WSHE Bk o)
& 49AE RP sl $Hol £2FE 2, 71380] £35%
A7k g Ao Uekdeh ol Yol Ho2 wrk B A
a7t RHGo A el Ao F%E HNE AR B
9it.

HsdAl ¥ SHRY

a5 A V1Y A, 7 ZeEd Pl gk A, g
7], gt 2 JA A 5= W #5AA] A Table 37
2t} 0% RP soil onggicdld] 448 7b3e] Mzl 7] 92 A
el ZEe QoA p<0.05 FEUA e Azl Hg
fFoaA e 2oz vepth ol AR olFsry 3l
oA 2e] W3le} YxiskE AxEA RP soile 3R & &
717} 7vd '] 3AF 9 Jeid & dvke 9HE T
et

(=] ok
el =

93871249 Folgle] HPFEEARS FHIY] A 98
A B7NE, FE} B ES wigHE 2t §719 7|3-&
2% o2l & A & ko] ol 1PEE oY
SANE 54 UEe olstehA]l W, pidE A
2 HEAAE 8719 713-g0] TR vXe 9% &
A&} steith 71e-g 2 S J8l R BHEE FH £
T EHRP soihe 27 0, 409 60%E S7IESH wiFsid A)
IR FFY golels ATt 420 30°C SN
Y B AYEnt. 7130l e ¥EE Bl AL RS
A, A3rEasl, pH 2 FAbE, ad Balas @4 sl wA
gl b Amuist 94 AsAl AR 71e-go] TP R
0% RP soil olglollr] &A4A171. 74l Bt 332 A
wHolon I thgo R zkzk 409 60% RP soits T3 o}
& ol Wi FAA 3] wHshke A wE
zolg & 47t gislen Ffelolueat e 24 LA
0% RP soil dela]ollX 4,848 mg/100 g2+ 40% RP soil X &+
5434 mg/100 g, 60% RP soil A2} 5477 mg/100 gl H)3} Foh
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Table 3. Sensory evaluation of kanjang, Korean soy sauce, fermented for 4 months in earthenwares that have the different composition

of soils
Composition of soils Color (STDEVA) Odor (STDEVA) Taste (STDEVA) Overé‘;l;]‘;‘ée{j;\a)b‘my
0%" 3.45°(0.01) 3.55°(0.03) 4.00° (0.04) 3.45°(0.02)
40% 1.91° (0.02) 2.00°(0.01) 3.82°0.02) 1.91° (0.01)
60% 173 (0.02) 173 (0.01) 3.91° (0.01) 173 (0.02)

See footnotes on Table 2.

*»: Means with the different letter in column are significantly different at p < 0.05 level by Duncan’s multiple range test.
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