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Changes in Physicochemical Properties of Low-Salt Doenjang
during Fermentation

Seul Lee and Dong-Han Kim*
Department of Food & Nutrition, Mokpo National University

Abstract The effect of additives on the quality of low-salt doenjang was investigated. The amylase activity of the
mustard added group decreased during the fermentation period, and the number of yeast and bacteria was also decreased
during the fermentation period. The oxidation-reduction potential was low at the later fermentation stages for the mustard
and mustard-garlic added groups, and water activity decreased considerably for the alcohol added group. The L-value of
alcohol added doenjang decreased with increases in the a-value. The pH was 4.84 in the mustard added group. The
reducing sugar content was 10.15% in the alcohol-garlic added group, and the alcohol production was limited by adding
mustard. The amino-type and ammonia-type nitrogen were high in garlic and mustard added groups. Alcohol and alcohol-
garlic added groups exhibited significantly improved taste and overall acceptability of doenjang.
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Table 1. Mixing ratio of raw materials for preparation of doenjang (unit: g)
Soybean Meju Wheat koji Salt Water Ethanol Mustard Garlic
Control 1360 - 900 500 2240
T - 2260 - 500 2240
E 1360 - 900 300 2040 200
M 1360 - 900 300 2190 50
G 1360 - 900 300 2040 200
EG 1360 - 900 300 1840 200 200
MG 1360 - 900 300 1990 50 200

T: traditional doenjang, E: ethanol added doenjang, M: mustard added doenjang, G: garlic added doenjang, EG: ethanol and garlic added doenjang,

MG: mustard and garlic added doenjang
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Table 2. Changes in amylase and protease activities of doenjang during fermentation at 20°C (Unit/g)
Enzyme F ermentation Doenjang
time (weeks) Control T E M G EG MG
0 1.72+0.03 0.39:£0.06 1.83+0.19 1.80+0.07 1.78+0.03 1.72+0.12 1.81+0.05
2 2.60+0.02 0.30+0.03 2.56+0.06 2.5140.06 2.47+0.05 2.43%0.12 2.5120.10
““E‘L“lyol)ase 4 2.69+0.06 0.29+0.05 2.49+0.07 2.53+0.09 2.55+0.06 2.3240.10 2.60+0.07
6 3.84+0.04 0.22+0.01 2.454+0.10 2.40+0.02 2.53+0.10 2.3620.10 2.25+0.06
8 3.56+0.05 0.55+0.03 2.57+0.06 2.32+0.04 2.66+0.06 2.33+0.08 2.36+0.13
0 1.56+£0.22 0.52+0.01 1.60+0.23 1.72£0.31 1.73£0.41 1.64+0.35 1.55+0.42
2 3394035 0.71£0.28 3.18+0.40 3.01£0.47 2.92+0.38 2.85+£0.42 2.82+0.33
%‘j‘%ﬁfe 4 3004068 074:006 316069  3.08£045 3024060  3.02:056  3.0740.67
6 2.50+0.23 0.30+0.14 2.33+0.30 1.89+0.38 2.01+0.50 1.86+0.51 1.89+0.43
8 1.48+0.49 0.20+0.09 1.58+0.25 1.50+£0.37 1.65+0.44 1.53£0.31 1.53+0.18
0 3.84+0.09 0.59+0.09 3.88+0.27 3.930.19 4.10£0.41 4.0120.50 3.82£0.49
o 2 4.730.52 0.88+0.12 5.15+0.59 4.65+0.36 4.58+0.29 4.5240.45 4.01+0.37
p?octl(gal;e 4 5.37+0.36 1.02+0.18 5.32+0.45 5.78+0.43 5.36+0.48 4.86+0.48 5.60+0.35
6 4.8840.29 2.28+0.34 5.82+0.42 5.50+0.51 5924045 4.98+0.49 5.37+0.63
8 4.70+0.40 3.70+0.21 4.77+0.46 5.08+0.27 5.59+0.52 5.02+0.69 5924045
0 1.51£0.16 0.31£0.08 1.87+£0.26 1.66:0.25 1.57+0.16 1.43+£0.27 1.60£0.21
2 2.60+0.13 1.24+0.26 3.37+0.49 2.49+0.47 3.1120.72 2.19+0.61 2.67+0.46
gsgs‘le 4 1.23+0.34 0.94+0.23 1.79+0.40 1.83+0.24 1.65+0.31 1.69+0.47 1.52+0.27
6 1.35+£0.22 0.86+0.26 1.38+0.36 1.34+0.14 1.33£0.27 2.99+0.47 1.89+0.38
8 4.39+0.63 2.38+0.17 3.92+0.26 3.33+0.32 3.03+£0.47 4.48+0.45 3.1540.32

USee footnotes on Table 1.
PValues are meantSD (n=3)

Table 3. Changes in viable cell counts of microorganism of doenjang during fermentation at 20°C

(Unit: log number CFU/g)

Fermentation Doenjang

time (weeks) Control T E M G EG MG
0 3.72+0.35 3.55+0.57 3.38+0.85 3.45+0.79 3.08+0.81 3.00£0.68 3.00£0.82
2 6.03+1.04 5.40+1.04 3.81+0.67 3.5140.43 3.50+0.36 3.56+0.57 3.45+0.42
Yeast 4 6.7120.67 5.211.09 3.32+0.62 3.11£0.69 4.89+0.89 2.84+0.54 2.95+0.81
6 6.42+1.13 6.21£1.15 3.51+0.89 3.36+0.63 3.69+1.12 3.11+0.77 3.19+0.79
8 6.55+1.01 6.38+0.86 3.15+0.85 2.78+0.68 3.28+0.49 2.90+0.79 2.69+0.99
0 7.58+0.39 8.16+0.84 7.77+1.02 7.88+0.90 7.9140.62 7.45+0.58 7.13+0.95
. 2 8.94+0.58 9.23+0.42 9.58+0.66 861113 9.52+0.048  9.68+£0.49 8.31+1.14
ﬁ:crt‘;';:; 4 8.19+0.62 9.77+0.47 9.55+0.41 8.25+0.98 8.89£0.79 8.55+0.99 8.51+0.71
6 8.31+1.14 9.09+1.21 9.19+1.10 7.91+0.84 8.1140.89 7.91+0.67 7.89+0.85
8 8.01+1.16 9.02+0.81 9.24+1.12 8.01+0.74 8.09+0.88 8.12+1.13 8.03+0.71
0 6.51+£0.26 6.81£0.71 6.810.87 6.51:0.98 6.51£1.29 6.58+0.65 6.460.84
) 2 6.65+1.18 7.95+0.41 7.38+0.89 6.81::0.88 7.70+1.21 7.69+0.64 7.37+0.89
A;‘;i?rgc 4 7.71£0.21 7.89+0.68 8.01+1.09 8.01+0.84 8.100.80 8.01+0.51 8.10£0.47
6 7.54+0.62 6.81£0.65 7.83+1.03 7.062£0.70 7.52+0.72 6.71+£0.96 7.11£0.63
8 7.19+0.68 7.74+0.65 7.68+0.91 6.97+0.69 7.15+0.86 6.41+0.44 6.58+0.69

USee footnotes on Table 1.
YValues are meantSD (n=3)
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Table 4. Changes in oxidation-reduction potential and water activity of doenjang during fermentation at 20°C

Fermentation Doenjang
time (weeks)  Control T E M G EG MG
0 189.6 174.0 190.1 2224 218.8 223.4 2352
2 224.7 211.9 213.6 268.7 367.7 275.6 286.5
(_OHI}\I;) 4 226.5 212.4 219.0 436.6 3772 266.6 421.7
6 432.9 237.3 229.7 259.3 223.2 266.9 251.0
8 280.3 196.9 206.4 237.5 215.7 225.4 2282
0 0.832 0.817 0.859 0.869 0.872 0.853 0.871
2 0.821 0.804 0.843 0.859 0.863 0.846 0.864
Water activity 4 0.808 0.796 0.841 0.843 0.852 0.838 0.848
6 0.804 0.787 0.831 0.840 0.847 0.833 0.845
8 0.803 0.782 0.821 0.833 0.845 0.832 0.841

USee footnotes on Table 1

Table 5. Changes in Hunter’s color values of doenjang during fermentation at 20°C

Fermentation  Color Doenjang
time (weeks)  value Control T E M G EG MG
L 56.03£0.63 44224074 5543051  55.58+042  5336x031  5435£021  53.01+0.41

1.84+0.29 9.25+0.06 1.95+0.16 2.08+0.22 2.38+0.31 2.21£0.22 2.35+0.16
21.314£0.25 22.11+0.32 21.08+0.23 21.0740.33 19.49+0.07 20.37+0.42 19.30+0.16

52.90+0.27 41.57+0.50 51.40+0.28 50.64+0.18 51.03£0.41 51.29+0.40 50.87+0.43
2.67+0.29 9.46+0.08 2.40+0.11 2.57+0.29 2.89+0.12 2.64+0.22 2.60+0.35
21.93+0.23 21.43+0.12 20.85+0.30 21.68+0.20 20.87+0.12 21.00+0.31 21.48+0.16

a
b
L
a
b
L 51.73+0.23 40.31£0.31 49.15+0.07 49.01+0.42 50.85+0.39 48.84+0.12 49.74+0.40
4 a 2.57+0.18 9.15+0.12 2.19+0.19 2.96+0.37 2.92+0.31 3.04+0.19 3.29+0.26
b
L

a

b

L

a

21.714£0.41 20.68+0.19 20.86+0.31 21.78+0.30 21.3940.22 20.73+0.13 21.90+0.33

50.87+0.28 40.18+0.28 47.19+0.34 48.86+0.29 49.19+0.34 47.30+0.22 49.07+0.47
3.88+0.16 9.21+0.31 3.71£0.22 4.19+0.30 3.95+0.08 3.95+0.19 4.16+0.31
22.31+0.15 19.48+0.34 20.184+0.32 21.77+0.57 20.19+0.40 18.23+0.27 21.68+0.09

50.92+0.23 40.23+£0.31 47.11+0.53 48.36+0.48 49.03+0.34 45.69+0.40 48.22+0.46
4.93+0.11 10.25+0.14 4.67+0.19 4.96+0.19 491+0.31 5.05+0.09 5.08+0.16
b 22.99+0.18 18.96+0.16 21.05+0.45 22.09+0.19 22.2740.40 19.30+0.12 21.50+0.15

USee footnotes on Table 1.
YValues are mean+SD (n=3)
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Table 6. Changes in proximate composition of doenjang during fermentation at 20°C (Unit: %)
Fermentation Doenjang
time (weeks) Control T E M G EG MG
Moist 0 54.65 50.02 58.15 56.75 57.45 56.30 56.94
oisture 8 57.87 50.50 60.09 58.91 59.89 58.58 59.22
Total 0 30.81 31.90 30.45 3045 31.54 30.81 30.09
otal sugat 8 21.75 27.92 27.55 26.46 2755 2936 29.00
Total nit 0 2.00 2.19 1.97 2.08 2.04 2.07 2.02
ot nitrogen 8 2.02 2.17 2.02 2.10 2.07 2.07 2.02
NaCl 0 10.76 10.64 6.08 6.29 6.22 6.28 6.20
& 8 10.64 10.76 6.08 6.30 6.20 6.21 6.21
YSee footnotes on Table 1.
Table 7. Changes in pH, titratable acidity and acid values of doenjang during fermentation at 20°C
Fermentation Doenjang
time (weeks) Control T E M G EG MG
0 5.84 5.60 5.89 5.84 5.88 5.89 5.85
2 5.69 5.54 5.79 5.76 5.72 5.80 5.76
pH 4 5.60 5.51 5.71 5.59 478 5.76 5.39
6 5.49 5.51 5.74 4.86 476 5.73 4.84
8 5.44 547 5.70 4.84 493 5.66 492
0 16.6 235 16.4 17.8 17.1 16.9 16.8
Titratable acidi 2 30.9 293 29.0 34.6 342 24.1 29.5
1tratable aci lty
(0.1 N NaOH mL/10 g 4 332 30.4 27.1 35.6 40.7 249 343
6 33.0 31.7 27.0 49.0 482 27.0 22
8 326 324 25.7 46.1 46.1 213 432
0 313 304 25.1 31.8 28.7 27.9 30.5
_ 2 33.8 445 37.6 50.4 479 35.4 59.1
Ac(‘r‘rll;/al;les 4 262 24 213 311 26.0 20.8 35.4
& 6 27.1 235 255 314 27.6 19.5 30.0
8 27.8 24 244 329 31.8 202 31.1
YSee footnotes on Table 1.
do] Erhal Hye ub Utk Aoyt 438 HA7IE A$ole pH 57022 pHS W3}
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o] Fof ZASHA "tk £4 T 39 Fae tiERTol vt X8R Aol ofdrt AZE) ol AT ATt
o] gFZoly AR, mlES WIS AA9 HFdA HeH S A Hage] 23 g o] AHE EHLo] 4ko
OlES EF UK A FT #ae A ol olE MUt 2 sbglEle] Aatee A4 150 F435] S718IRE Leest
T ERgvE A GEE Aol AU 7)eleit) A Mok(17)2] B39} FAFSFA T
o} A9 dFe AN FHEo] ZUIEIIAT FHlAE B Ao xo] RafjElo] AR FexwAt st
po|7t Qo] &4 WFe] Wl AT Algte] Aol gigith Fe 243 ke S4 25 HIo E8ly I o]F o=
283t AdFele Ax B vls J2oF €528 Ho)
pHe} HEAT AT} AT Eokow, WF BAo] slFad vty A7t Wk
2 4 F uAEd o8 e 25 AV de= th. 3 Joo F(6)S kejiEth HIFES EETAN A Eol
pHSF AAAE o] Msh= Table 73 7Tl pHE $Ao] 2 EE]US_ WARZE Bl 99o] Hglon HAdo] whE HAeME At ¥
A AtE e, AlgT7tlle gzl H|ste] Axtel mles sk Adetdtial Hastnt
A7Ve AAG o] 85 &4 T 7b7; pH 4.84, 493E A o}ﬂ
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Table 8. Changes in reducing sugar and ethanol contents of doenjang during fermentation at 20°C (Unit: %)
Fermentation Doenjang
time (weeks)  Control T E M G EG MG
0 8.54 3.81 8.33 8.60 8.60 8.33 8.44
. 2 11.96 5.98 12.14 11.60 11.60 11.42 11.96
Rﬁ;i“g‘r“g 4 1431 9.24 13.59 14.14 14.32 13.41 12.33
& 6 9.70 8.52 11.78 10.88 11.06 11.96 11.24
8 7.25 6.53 9.79 8.70 9.24 10.15 9.88
0 0.09 0.08 3.60 0.08 0.09 3.69 0.11
2 0.11 0.09 3.05 0.09 0.11 3.14 0.09
Ethanol 4 0.30 0.11 2.93 0.11 0.15 2.85 0.13
6 0.74 0.22 2.96 0.13 0.18 2.89 0.16
8 1.28 0.86 3.08 0.77 0.85 3.04 0.91
USee footnotes on Table 1.
Table 9. Changes in amino- and ammonia-type nitrogen contents of doenjang during fermentation at 20°C
Fermentation Doenjang
time (weeks) Control T E M G EG MG
0 0.21 0.19 0.20 0.22 0.21 0.20 0.22
Amino-type 2 0.36 0.20 027 0.46 0.45 0.35 047
nitrogen 4 0.45 0.22 0.43 0.58 0.51 0.41 0.53
(%) 6 0.48 0.26 0.47 0.62 0.58 0.45 0.56
8 0.55 0.25 0.55 0.63 0.68 0.54 0.66
0 1.40 1.96 1.40 1.40 1.40 1.40 1.40
Ammonia-type 2 1.96 1.68 1.40 1.12 1.62 1.40 1.40
nitrogen 4 2.68 1.42 1.96 1.40 2.24 1.40 1.68
(mg%) 6 2.80 1.54 1.68 1.80 2.16 132 1.40
8 1.96 1.40 1.40 1.12 1.68 1.13 1.40
USee footnotes on Table 1.
RGN LIS EAME
HAe] oot JRoR FQao -2 Table 8% o] &4 e w4 Foll ddo] fEjohv it PR o]
477 F7ksh 2 o] Fole AAHeH §F 4 T Y et BhE Wivh AURA] EalEE RV oM die] FUEE bt
T FEFe GEE e viE H7F @0 UL ol £ HABHA] 2 Fu7F ok olu|iibd AAE= Table 99 2ol
EGTolA 10.15%2 AY =dc) 22y W3 J42 GaA] 2 4 Fol STl WF E#8E AQslale A 85 AY =
4 o] w2 AR Y T Wikt JF A T kow, AAH @go] gz vlE) ofwmibgd A Fhgol
T3 RG] AAhe HERENEA] SRt vAES9) ol uks H71elA 0.68%E AY =9k Lo g ARlnls,
AARNETE =9 GAAFE Asion olfdx dAge] Al AR RH7HE elith. A, WIS BAE koji T WFHE A
A 5 BEAY 8l o AT T B <4 F g &3te] dFe] H7F vl&o] EFolE B3l 025%= Al
A ko] HuXE ZAd wel zjo)7p Wol 27k <A 10Y Sot=tl o] protease E(Table 2)0] ¥ A wEo|ch B
(8), 504 @), 105(12) 522 BHIHIEY o= ki TF ¥l YEG] A 4 50971A] olv| A Aae dAE] FUtst
&Y Zo] wZ]l AoE AT U 2 o]%oll= E3EAL@), EIHAE WF9 10% HA ™
e g3 FEe 95 ¢EES HUke A 54 2 7het S opmibd A gz Hlsle 2R w2
71el= 3ol ot ZAaHAO A F7] o]Fo) Sk vt 4014 mg%e] AT B (7)E H} Qith
H U] AEFES 54 Fo AA3] SreidTh <4 34 Be] v elA] g2 Fret AdE & e dEYed A
oA ExEe] AL T AY Bol 8F &4 Fol= 2w vF gL AYstae 480 JPHAA Frhste] 4-6
1.28%° g oy AR miss H7kek Afole et o ol Faze] diom 2 o]l ARSI AlET el ARt
£ o5 AFFAA BRIV AUY Rl 7Idgh "] & o} dFgmls Hrt HAA FUAL T2 AL Bol A
g AP 40Y 4 F 026342%= koji SOl wEE 2ol Aol ®\e AzE u A} IS HArpebH FRol Al
b ASREE Bas) Bk ook mekd A4 B ARA A ) A% 28T S gle] ey dae) AYL YU 4 9
ket mlEe Hrkes 438 Ha s JAsle] 4 ol Co, A S 202 AAHA ol gk A Leet Mok(17)8] 219 =
e AR AT & UL AR AAHUTH L7} S E I 9r1dAY] e 54 1677 ASHHL
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Table 10. Sensory evaluation of doenjang fermented for 8 weeks at 20°C

EZ38k5)A) 2| 44 WA 5 F (2012)

Doenjang Taste Color Flavor Overall acceptability

Control 3.70+1.30 4.70+1.26 4.45+1.50° 4.15+1.18
T 2.10+0.719 2.40£1.18" 2.75+1.379 2.05+0.89°

E 5.05+1.28% 4.70+1.03¥ 4.35+1.579 5.45+1.36

M 3.40+0.99" 4.45+0.94” 3.40+1.04" 3.80+1.06”

G 4.80+1.549 5.05+1.36Y 4.70+1.179 5.10£1.48Y
EG 5.10+£0.91% 5.10£1.527 4.70£1.03” 5.20£1.05Y
MG 5.05+1.00V 4.35+0.93 3.95£1.27% 420£1.15”

DValues are meantSD

YMeans with the same letter in column are not significantly different by Duncan’s multiple range test (p<0.05)

ISee footnotes on Table 1.
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