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Changes in Phenolic Compounds and Radical Scavenging Activity of
Doenjang Prepared by Fermentation with Bacillus Subtilis HJ18-9

Kyung Ha Leel, Jin Songz, Yeon Jeong JangZ, Eun Jun Lees, Hyun Joo Kiml,
Sea Kwan Oh!, and Koan Sik Woo'

!National Institute of Crop Science and “National Academy of Agricultural Science, Rural Development Administration
gDepartment of Hotel Culinary Management, Chung—Woon University

ABSTRACT This study was conducted to investigate changes in isoflavone composition (glycosides and bio-active
aglycones) and evaluate the quality characteristics of doenjang prepared using different Bacillus strains (KACC15935
and HJ18-9). After 60 days of fermentation, B-glucosidase activity of doenjang fermented with B. subtilis HJ18-9
was higher than those of other samples. Contents of aglycones (daidzein, genistein, and glycitein) in B. subtilis HJ18-9
significantly increased up to 703.90+11.09 pg/g. In addition, total phenolic content and 2,2-diphenyl-1-picrylhydrazyl
radical scavenging activity increased markedly during fermentation. These results suggest that fermentation with B.
subtilis could be used to increase B-glucosidase activity with a view towards development of functional foods.
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phosphate buffer(pH 7.0)°l 5 mM p-nitrophenyl-B-D-
glucoside(Sigma-Aldrich Co., St. Louis, MO, USA)7} &

EF Azxsgink o] 71489 0.6 mLel| AlZ5FE 0.2 mL
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ol 1 mLel 1 mL 2 N Folin-Ciocalteu reagent(Slgma—
Aldrich Co.)& 7Fato] 5i3F 2ol A WA Ak 3t
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Fig. 1. Change in B-glucosidase activities during doenjang fer-
mentation by different Bacillus strains.
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Fig. 2. Chemical structures of isofavones.
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Table 1. Change in isoflavone contents during doenjang fermentation by different Bacillus strains

3 1272 EA7F A= ATHEFig. 2). 28°CellA]
60Y FoF HaAl @ 12F9] isoflavone -2 Table
1oll, g 1 2429 =S v 7HA FEHE YR RS
Fig. 3o Yelyddch #a FsA8A 60¢ T,
KACC15935, HJ18-9 A2 7-9] isoflavone YA =
& 747} 122.10+0.11, 137.78+1.12 ¥ 703.80%£11.09 ng/
go 2 Uephgt} ol g 109 A 942 njulgA] ko]
44.66+14.43, 73.26+£2.02 % 68.52£3.18 ng/gdl Al
vlsle] 247y 2,74, 1.88 ¥ 10.27v) ¥ AS&S HlY,
TS 2 Ao AgATollA HI18-9 #F5 HE3sh 4
=4S A 23S v isoflavone HWi A ko] 187.00

(ng/g dry basis)

Fermentation time (days)

Isoflavone Strains 0 20 30 40 50 0
Control 13.60£4.24%"  21.40+0.99™  23.05£0.78*¢  27.45+0.64%  32.30£0.28°  45.55+0.35™
Daidzein ~ KACCI15935  20.45£1.34*%  20.30+0.85"°  26.85£7.00*™  31.15%6.72%  34.10£0.14®  52.1520.78"™
HI18-9 22.18+1.34%  30.23+8.10"  31.43x1.80*  96.80+0.94"°  191.37£0.14"" 302.04+4.29*
Control 26.10£7.92%  44.30+0.14*  43.35£021%  51.752021%°  57.80£0.14%°  65.30+1.13%
Genistein ~ KACC15935  45.15£0.49*"  44.80+1.41*  47.75£0.78""  52.45+2.05%  59.85+1.77%  72.10+£0.28"
HI18-9 38.80£1.65"%  45.1940.04**  50.67+1.58*"  109.66£0.78"°  201.35+1.12"° 326.68+5.92*
Control 4954233 7.70£0.42°%  8.05£0.35"° 9.50+1.27%"  10.50+£0.71%*®  11.25+0.64"
Glycitein ~ KACC15935  7.60+£0.14*"  7.40+0.85"  8.15+0.35%¢  8.70+0.28"™  9.85+0.64®  13.55£0.07™
HI18-9 7.56£0.20*° 8.54£0.54%°  11.56+0.73""  38.31x043%°  65.02+2.28""  75.09+£0.88"
Control 505.65+7.00%  508.95+5.30™  484.2048.91%"  496.25+10.82** 499.20+18.53" 488.50+9.19™
Daidzin KACC15935 509.40+£8.63**  512.60+£8.91%* 511.10+6.36™  511.40+1.56™  502.30£4.24"*  494.90+13.01™*
HJ18-9 476.53420.44%* 477.59+28.80™ 457.13£63.01™" 413.26+41.04%® 353.93£22.95%" 210.76+£26.16
Control 845.10+24.615%° 917.5042.97*  868.55+1.20%° 907.35+7.85**  920.80+1.84**  894.80+5.23®
Genistin KACC15935 912.75£5.30*  907.95+6.15*® 904.45+4.45*® 905.40+11.03*® 893.30+1.56%"  899.40+0.42
HJ18-9 882.69+6.99°%" 914.89+4.88*  907.87+13.29%" 837.70+0.08%°  742.83+2.55Y  529.45+4.795¢
Control 115.0543.61°"  114.5524.17*  108.00£4.10**  108.85£7.00™  106.90£10.47*" 105.70+5.52"°
Glycitin KACC15935  117.30+1.98™  113.95+5.16™° 113.50+3.68™ 113.95+2.62*" 110.95+2.90"* 105.60+7.07"°
HJ18-9 106.00+11.56™ 102.95£15.87*"  88.83+31.90™  59.28+19.57°" 34.1249.93%™  9.494+13.42"
Control 12540355 2.10£1.56  3.90+1.27* 0.85+1.20"° 0.000.00*° 0.85+1.20"
M-daidzin KACC15935 4.60+1.27* 2.40+0.85% 0.40£0.57 2.65+0.92 3.15+4.45% 0.00+0.00™
HJ18-9 2.7740.99°%  1.69£1.15*° 4.32+6.10%° 3.64+5.15%° 3.4124.82%  14.90+£0.64™
Control 0.00£0.00** 0.70£0.99 0.00+0.00° 0.00£0.00* 0.00£0.00** 0.00+0.00°
M-genistin  KACC15935 0.00£0.00™*  0.00£0.00**  0.00+0.00° 1.60+2.26™ 2.55+3.61™  0.00£0.00°
HJ18-9 7.99+8.65 7.5146.614 0.00+0.00° 7.84+11.08"  0.00+0.00™ 0.00+0.00°
Control ND” ND ND ND ND ND
M-glycitin ~ KACC15935 ND ND ND ND ND ND
HI18-9 ND ND ND ND ND ND
Control 45.65:1.06™°  44.85+0.49"°  59.90+1.84%"  45.45+13.65°  35.30+£0.00"%"  32.05+0.21*"
A-daidzin  KACCI15935  51.05£0.49™  47.25£0.07""  54.75+17.04™ 4220+0.42™  48.85+12.37 3525+4.31™
HJ18-9 47.05£10.05™  40.23£9.44™°  30.54+0.59""  26.10+0.67*  22.98£0.28%  19.08+0.35™
Control 78.40£8.91% 93451021  81.754£0.07%  79.75%0.64%  77.95+0.49"%  74.40+0.71%°
A-genistin ~ KACC15935  102.15£0.92*  97.70£0.42""  92.70+2.12"°  89.35+2.33"°  83.75+1.34*  83.50+0.28"
HI18-9 90.37+£0.33*®  86.8042.55"  76.92£0.91°°  74.2320.83™  71.79+3.44%  61.03£0.03“
Control 13.95+0.07*% 15304042  14.60£0.57*  14.50+1.27* 14.65£0.21*  14.20£0.28"
A-glycitin - KACC15935  16.00£0.71™  15.50+1.13™  14.65£1.06™  12.90+4.38™  14.20+0.99"*  13.70+1.27™
HJ18-9 13.55+0.97%  13.66£1.83*  12.50£1.59*  12.10+£0.52*®  12.3620.66>®  10.60+0.10%°

YResults are expressed as the means of three replications. Means with different lower case (row) and upper case (column) superscript

letters are significantly different at P<0.05.
IND: not detected.
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Fig. 3. Change in isoflavone contents during doenjang fermenta-
tion by different Bacillus strains.
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Table 2. Change in total phenolic acid contents during doenjang fermentation by different Bacillus strains

(ng/g dry basis)

Fermentation time (days)

Phenolic acid Strains 10 20 30 0 50 0
Control 1.00£0.16™"  1.79£0.33%  2.34£0.43% 225041  1.67£035"  1.61£0.47*"
Gallic acid KACC15935  045+0.04%  1.08£0.03"  1.64£0.04™® 1.0120.01%  1.1420.19"®  1.12+0.34"°
HJ18-9 0.49+0.03%  0.62+0.01%¢  1.14+0.12%®  1.80+0.08*"  0.68+0.07"° 0.64+0.032¢
Hvdroxvbenzoic  Control 7.49£0.40%¢  6.64+0.08%  10.21£0.13%° 13.25+0.23%* 93842424  8.1240.42""
oo YPSIEOIE T RACCISO3s  1029£0.07%  8.840.14%  10.58:0.87% 888117 4255075 4.66+1.10%
HJ18-9 0.99+0.03%  3.55+0.49%°  6.73x0.95  4.49+0.10°  3.23+1.10™ 4.53+0.26%
Protocatechuic Control 2.3440.54% 2412035  3.66£0.13*"  4.16£1.20"°  4.77+0.93"° 3.6240.82°%
" KACC15935  3.57+0.19°*  2.70+0.33%®  2.47+0.49%  2.35+0.13° 2.79+0.58"B® 2 .87+0.434B®
act HJ18-9 1.13£0.15  1.06£0.24%  0.86+£0.28°  2.77£0.47**  2.37+0.06™ 1.55+0.13%
Control 0.28+0.01""  0.5120.04*%  1.00£0.15*  0.92+0.16™  1.17+0.12"*%  0.99+0.27*%
Vanillic acid KACC15935  0.78+0.06™  0.73£0.16*™"  1.31£0.53*  0.62+0.11%  0.9120.04%"  0.58+0.13"
HJ18-9 0.43£0.38%  031x0.11%  0.40£0.16™  3.25+0.11"  1.28+0.06™" 1.68+0.23%°
Control 0.66:0.06""  0.49£0.00%"  0.91+0.04**  0.71x0.07""  0.74+0.06™" 0.5740.04"
p-Coumaric acid KACC15935  0.70+0.14*°  0.75+0.11*"  0.78+0.11** 0.64+£0.01** 0.68+0.10*"  0.45+0.18""
HJ18-9 0.46£0.02°  0.20£0.07°  0.57£0.01%®  0.43£0.06° 0.71+0.03"" 0.35+0.02
Control 0.66£0.16*™  0.62£0.12*"  0.31x0.10"®  0.80+£0.06™"  0.72+0.12"®  1.00+0.33""
Caffeic acid KACC15935  0.31£0.00%  0.54£0.06™  0.38+£0.16™® 0.55+0.07%*  0.5120.02*®  0.50+0.06""®
HI18-9 0.08+£0.01%%°  0.04+0.01%  0.1120.01*  0.15+0.04°™  0.18+0.03" 0.27+0.035
Control 2.62+0.18™  1.95:024™  1.14£0.00™  1.78£029™  0.87+025  0.33x0.04%
Ferulic acid KACC15935  3.8240.00" 2912027  2.69+£0.04*" 3.65+1.26"% 2.05+0.21%° 2.2140.23*°
HJ18-9 2.20+0.01°  2.40£0.16*™  2.5420.15%  4.40£0.14™  3.15+0.04"°  1.54+0.24™
Control 15.02£0.07%  14.41£0.43%  19.57+0.45"" 23.87+0.57** 19.30£1.52*°  16.25+1.45™
Total KACCI15935  19.91£0.21**  17.53+0.49™°  19.83+0.02*" 19.69+0.64%* 12.33£0.01%  12.38+1.48%
HJ18-9 576030 8162027  12.34+0.78%° 22.05+1.88*% 11.59+1.18%°  10.54+0.16"

YResults are expressed as the means of three replications. Means with different lower case (row) and upper case (column) superscript
letters are significantly different at P<0.05.

Table 3. Change in flavanol contents during doenjang fermentation by different Bacillus strains

(ng/g dry basis)

. Fermentation time (days)
Flavanols Strains 10 20 30 40 50 0
Control 5.2243.74%Y  43910.32% 7.63£0.47%  8.47+2.80™ 10.04+1.07%  10.69+3.63*
Epigallocatechin  KACC15935 15.80+2.83"  17.1542.47%  27.8520.35"" 27.40£0.42°"  31.60£0.28™  22.70+5.94""
HJ18-9 1.7040.54%  1.55+0.16™ 1.4540.16%°  3.78+£3.39™ 9.84+1.23%  13.03+0.09™
Control 832+1.46™  9.42+1.70™  11.5247.57*  13.94+2.00%%*  13.16+£2.60**  12.71£1.76™
Catechin KACC15935  7.75£035¢  8.45+3.18"% 13.60+2.12*" 16.35£2.62™  12.80+£0.57*"™  6.85+1.91%
HI18-9 4314327%  6.40+3.59™ 5.27+0.80™  8.64+2.09™ 6.70£0.47%  6.94+0.06™
Control 108.5244.01°° 112.25+16.20° 276.17+19.36™ 239.56+1.28""  273.3443.59"* 235.29+53.18"
Epicatechin KACC15935 67.85+12.66%" 94.50+6.51*% 140.50+7.35 111.15+11.53% 137.35+8.98%" 114.25+9.55""
HI18-9 64.51£2.88%"  75.06+7.41%"  114.68+4.10% 113.77+17.98% 172.20+6.75% 233.33+6.58"
Eniallocatechin  CONtrol ND? ND ND ND ND ND
511%1 " KACC15935 ND ND ND ND ND ND
g HJ18-9 ND ND ND ND ND ND
Enicatechin Control 29.6442.55%  30.30£4.26"%  21.20£1.12*°  16.87£2.17*  11.38+1.39*  6.15+1.39"
pllt KACC15935 23.45+1.06%  22.50+0.42%  21.95£0.49**  11.0043.54"™ 7.30+0.71%  12.50+1.13*°
gatlate HJ18-9 30.71£1.36™  33.40+0.93%  16.81+2.82"°  12.95+0.58" 9.86+0.12*%  5.84+0.43%
Control 594144 4.65:1.08"5" 4931041  3.9240.37"" 2.5040.06%  2.16+0.07™
Catechin gallate KACC15935  7.0540.64*%  5.60+0.14*"  4.95+0.07"°  5.00+0.85" 6.90+1.27**  5.00+0.57*°
HJ18-9 3.43+0.14%  3.40+0.10™ 1.82+£0.02%°  0.50+0.26" 0.13£0.00“*  0.00+0.00*
Control 157.63£0.08""  160.99+22.92*° 321.46+10.73* 282.74£4.28""  310.4043.51"" 266.98+49.11*
Total KACC15935 121.90+17.68% 148.25£6.29™% 208.85+5.30% 171.00£13.72% 195.95+8.70%® 161.30£15.27™
HJ18-9 104.64+7.11%  119.8144.50*"  140.01£0.34°° 139.63£13.34% 198.73+£6.11% 259.13+£6.99

YResults are expressed as the means of three replications. Means with different lower case (row) and upper case (column) superscript
letters are significantly different at P<0.05.
?ND: not detected.



Bacillus subtilis HJ18-92 A3k HA<] ¥

i

2
M
ps)

gz A 44 849

Table 4. Change in total phenolic contents and effect of radical scavenging activity during the doenjang fermentation by different
Bacillus strains

Fermentation time (days)

Strains 10 20 30 40 50 60
DPPH radical  Control 18.38+1.01°Y  21.9242.01*  24.97+1.39"®"  26.86+1.50*  26.52+1.82%  26.19+1.68"
scavenging KACC15935 18.16£0.40™  18.72+1.66™  28.59+1.93""  32.69+1.13™  24.35+0.93%  20.29+1.63%
activity (%)  HJ18-9 16.03£0.05%  15.76+1.55"  22.62+1.70%  28.91+2.36™" 33.74+1.61™  29.08+0.90"°
Total phenolic Control 279.18+20.65™ 286.76+15.71"° 354.15+20.23"" 421.23+22.73™ 427.07+18.01*" 274.76+16.01"
contents KACC15935 214.47+4.86% 223474823  244.93+4.52°"  247.14+3.68 249.35+0.99°* 248.41+4.74"
(mg/100 g) HI18-9 225.99+5.34%  250.46+4.40°  301.59+13.58" 288.97+6.26% 362.36+0.95% 378.14+13.96™

YResults are expressed as the means of three replications. Means with different lower case (row) and upper case (column) superscript
letters are significantly different at P<0.05.

ste HlEA 3FEES AR R 53] phenolic subtilis KACC15935, B. subtilis HI18-9 & starter
hydroxyl 717} &4ksl A1 23S 7Hvhar g2 3 th26). 2 HFete HaA 93] 4 543 isoflavone®] 3
Min(27)9] Huo mp2y #3e FEds FHF2 e ZF gaksl 2848 SA ST B-Glucosidase Eg-2

ol A 269.6 mg%h, 7S H7t

3k oA 332.4 mg% A 500 7 =2 a4 A4S BYon, HJ18-9 AT
= ﬁ"qﬂ"“ﬂr"’ Huslglsd], 7 ATl HI18-9&8 A 7F 2 E 3595 wart By AR frold o we
T AgA o =& TS JEhAY ©£3 Park 5 a4 A48 YETE 2aEsAEQd 60ddd "] Al
(28)9] ®ite] mEH ZH 9 533tES Yol e A Y o] &Eo] =& isoflavone BIMIEA FFES tiET,
EES 156% H7tete] Bastals w ol o] tixt KACC15935, HJ18-9 A 2]+7} 747} 122.10£0.11, 137.78
Bop 1.259 52 S dEhlidohar skl wheba 2 £1.12 2 703.80+11.09 pg/g o= YERTE o= wE 10
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