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Abstract

This study investigated the quality characteristics of beyolmijang prepared with corn (steamed and roasted corn) with different
pretreatments and simultaneously added starter (Bacillus velezensis JH1). pH decreased, whereas total acidity showed a tendency to
increase. The moisture content decreased slightly according to the fermentation period. In color, the L and b values decreased in
all samples, whereas the a value showed a tendency to increase significantly. In microorganisms, sample D had more lactic acid
bacteria, whereas the mold content was lower. The total polyphenol content was highest at six weeks in sample E, and other samples
showed a tendency to decrease over eight weeks. Antioxidant activity increased significantly. In particular, the content in sample
E was significantly higher. Reducing sugar showed a tendency to increase as the fermentation period increased. The highest content
was found in sample C containing roasted corn at six weeks of fermentation. Amino nitrogen and ammonia nitrogen content increased
in all samples. As a result of electronic tongue, sample E prepared with steamed corn, roasted corn, and lactic acid bacteria showed
a low salty taste, sour taste, and high umami taste and was considered a good material for the development of byeolmijang.
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Table 1. The mixing ratio of raw ingredients for byeolmijang

A" (control) B (steamed corn) C (roasted corn) D (starter) E (A+B+C+D)

Meju (g) 3,200 3,200 3,200 3,200 3,200
Steamed corn (g) - 500 - - 250
Roasted comn (g) - - 500 - 250
Starter - - - 1x107 1x107

Salt content (g) 1,000 1,000 1,000 1,000 1,000
Added water (g) 5,100 5,300 5,300 5,100 5,300
Total (g) 9,300 10,000 10,000 9,300 10,000

Y A: control, B: added with steamed corn in byeolmijang, C: added with roasted corn in byeolmijang, D: added with starter in byeolmijang,

E: added with starter, steamed and roasted corn in byeolmijang.
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Table 2. Changes in physicochemical characteristics during byeolmijang fermentation

Fermentation period (weeks)

Sample”

0 2 4 6 8
A 5.95+0.02%4% 5.9120.01% 5.88+0.00° 5.78+0.01°° 5.26+0.01
B 6.15£0.01** 6.0120.00" 5.97+0.00° 5.7120.00° 4.94+0.00"
pH C 5.94+0.00° 5.94+0.00% 5.91+0.00% 5.76+0.00° 5.63+£0.01°°
D 6.18+0.01* 6.040.00" 6.02+0.00™ 5.84+0.01%° 5.39+0.00"
E 6.17+0.01°* 6.04+0.00°" 5.99+0.01°C 5.85+0.00%° 5.16+0.00%
A 0.25+0.01°° 0.810.00* 0.8120.05"¢ 1.19+0.00°® 1.45+0.06*
Total B 0.33+0.05"° 0.74+0.00° 0.79+0.02"¢ 0.96+0.01"® 1.48+0.01*
acidity C 0.34+0.04%" 0.79+0.01°¢ 0.77+0.05¢ 1.18+0.01*4 1.05+0.01%®
(7o) D 0.310.02 0.76:0.01°° 0.840.01° 0.98+0.01* 1.19+0.01%
E 0.30+0.02%F 0.75+0.01° 0.84+0.03% 0.95+0.028 1.35+0.01°*
A 56.92+2.25% 59.66+1.39 59.60:£0.43** 58,550,748 59.39+0.13*
. B 57.84+1.46* 58.44+0.40" 58.80+0.38"" 58.05:0.44" 58.52:+0.81"
MO(LZt)‘“e C 57.50+0.88° 58.8440.14% 58.55+0.21° 58,660,134 58.56+0.23"
D 58.45+0.84°" 58.76+0.52*8 59.54:£0.44%* 59.11:£0.49*8 59.17+0.27°48
E 58.32+0.40°" 59.05+0.75%8 59.360.46™* 58.87+0.40°48 58.85+0.10°48

D A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in hyeolmijang,

E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
*EValues with different capital letters small letters within a row are significantly different by Duncan's multiple range test (p<0.05).
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713t B Bujoll A EA vehgon Alazt §ol4l 2t
olE WEH ATH(p<0.05).

SH5FFO W 27] 56.92~58.45%0 4] W& W”*Oﬂ
58.52~59.39%= HA| Algo|A Harizhd d AzE {2
29l Zfol= UERiA] ekgttt. o] Yoon F(2019)4 TEA
9] g0l A 27] 58-69%CNA T7] 52~64%= HWFH O &
Haohs A2 Bl Anots Aok ggtow, ¥a &
ZHo] 2711 Qg AHo| 7l E Qo 73t 1ta}
£ o]g3t ¥&9] Aol Ax|5}0(Cha S 2017) 9+ gt
BLE, A7l RAR 5o gt glloz fEeSe
Hslol= A wdEh
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A7Fsl Hu|Are] M5l Table 37}
7 ¢ FYE(L ghet FAZb ghe AA
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oo w2t Aol o} = HS z‘rcdé}%wwpm 05), iz &
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H ATarizt § 7H B2 42 UErSiH 4% A
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1:}7} 9ty 85Fafo] 18.28~20.37% Tha Z715H= ATA
Hyou AA TR/ AH foHoR Fastgrt
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Hg2 2o dojubA HH Y= Aty ATt &
7FstA ==t Chang 5(2010) E4o] ZHEHA H2A
9] Ax7} Z7sl7] wlEolgta 12SEY I, Kim DW(1990)
o zo] gl A3} AHo| B o] AAEHE g} ofu| Ak
3FoHE-E-Ql mallard ¥H-g-of] 2J3t ARisto] 7] ARl 5H3l=
o, & Aol ol o]fe} tlEo] HA 7 tE Sl
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3. 0|ME 2

S 9 TS Hroto] Axg EojRe] v PE Ht
= Table 49} Zth. 44 AR 5 8.46-9.08 log CFU/gO.

Table 3. Changes in color values during byeolmijang fermentation

Fermentation period (weeks)

Sample”
0 2 4 6 8
A 55.7240.44*% 52.44+0.05° 50.96+0.25% 50.32+0.48% 50.1140.16™°
B 53.22+0.31% 50.22+0.72® 47.97+0.44€ 47.7440.39% 48.30+0.21%
Va%ue C 54.57+0.33% 51.49+0.14" 49.46+0.28™ 48.37+0.19 47.55+0.19°
D 53.1940.46%* 49.94+0.15" 48.51+0.48 47.82+0.06 47.92+0.08%P
E 53.24+0.45% 50.29+0.38® 47.99+0.42¢ 47.69+0.55"P 47.12+0.44%
A 8.61+0.18"¢ 9.37+0.18"® 9.37+0.13" 9.38+0.238 10.38+0.02°*
B 8.51+0.30° 9.38+0.09" 9.2240.06°" 9.50+0.07° 10.7340.17*
Va’i‘ue C 7.78+0.15° 8.42+0.13 8.600.065¢ 8.72+0.20°" 9.00£0.17°*
D 8.71+0.21°¢ 9.65+0.06™ 9.600.11°8 9.51+0.22°8 10.26+0.30°*
E 8.25+0.16* 9.32+0.02°* 9.27+0.15% 8.78+0.21°® 9.28+0.15%
A 21.73£0.26* 21.40+£0.27** 20.40+0.10° 19.71+0.07°¢ 20.37+0.25%
B 21.49+0.52 20.44+0.31%8 18.89+0.41™ 18.52+0.44%¢ 19.91+0.34%"
V:l’ue C 20.85+0.62* 20.09+0.10® 18.98+0.09 18.58+0.32 18.37+0.24C
D 21.27+0.74* 20.67+0.26™ 19.34+0.24"8 18.68+0.25" 19.27+0.43%8
E 21.47+0.30* 20.53+0.14°8 18.89+0.42 18.20+0.56" 18.28+0.41°C

D A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in byeolmijang,

E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*dyalues with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
*EValues with different capital letters small letters within a row are significantly different by Duncan's multiple range test (p<0.05).
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Table 4. Changes of total cell count, lactic acid bacteria and mold during byeolmijang fermentation

Sorot FEE 2T ARE W) Y 54 63

(log CFU/g)

Fermentation period (weeks)

Sample"

0 2 4 6 8
A 9.08+0.03*? 8.410.07°° 8.43+0.03°° 8.72+0.09*C 8.85+0.01°8
Total B 8.48+0.03 8.22+0.10°" 7.86+0.04° 8.12+0.05 8.43+0.10°*
cell C 8.660.04** 8.1240.05° 7.74+0.09° 8.35+0.08" 8.68+0.01**
count D 8.46:+0.09° 8.16£0.03°¢ 8.100.02% 8.84+0.07** 8.46+0.10
E 8.68+0.08°* 8.33£0.07"" 7.96+0.00°° 8.37+0.00° 8.13+0.10%
A 7.06+0.05%° 8.03£0.01* 7.78+0.07*® 7.82+0.11°8 7.61+0.03*
Lactic B 5.71x0.00" 6.43+0.03" 6.47+0.04 6.31:0.03" 6.78+0.07"
acid C 6.02+0.04 6.60+0.07° 6.15+0.02%° 6.42+0.07°® 6.32:0.03%
bacteria D 5.86+0.05P 6.81+0.06** 6.73+0.05** 5.99+0.04° 6.40+0.03®
E 5.99+0.06™ 6.78+0.06** 6.50+0.04® 6.33+0.01°C 6.15+0.05°°
A 5.17+0.03** 4.74+0.06 4.61+0.04° 4.44+0.06°° 4.29+0.03F
B 4.98+0.04°* 4.66+0.05® 4.31+0.07°° 4.44+0.02°C 4.63+0.09"8
Mold C 5.18+0.04*8 5.31+0.09** 4.66+0.03* 4.65+0.05* 4.96£0.21"®
D 4.10£0.02 3.78+0.01%¢ 3.89+0.02" 3.7940.035¢ 3.6440.19
E 5.06+0.02°4 4.89+0.01°8 4.37+0.04 4.49+0.11°¢ 4.37+0.09°

Y A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in byeolmijang,

E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
AFValues with different capital letters small letters within a row are significantly different by Duncan's multiple range test (p<0.05).

2 YERGa, @a 852Kl 8.13~8.85 log CFU/gC. 2 G-A}S}
AY ta Aastes A4S Bt 27 A Eugn "
S48, B2 S5 2 S92 71k E EelAE AlQshd
Autd o2 Wskrt 32 k=t B. subtilis 455 ©]-85
of Joln] G- AL Lee 5(2015)2] AFoA e YR
2 F S FAEJTL BAska, A7A Y AsH
A2 A Lee 5(2020)2] A= FARE FFE U

QA FSE= Ea 27] 5.71~7.06 log CFU/goll A &R 8F
2} 6.15~7.61 log CFU/gC. 2 RE Hu|ZojA §ojzxog =
7¥ol itk (p<0.05). E5] o2 Hue] HgtETh W S5
A71et B EulgolA 27|Hoh a 84 oF 108] ol &
At 7 SR AL 2 A 43 F pH 2 SAE A2
e} AF/go] o tE BAE H7tET W 57t 1)
&0l o]&st7|7t &olt BRIt F7Fsto] AAtap AL
59 F71ARE Aot ZAkto] S7Foto] Akl fAE
7t A ASEAH L wE ShAIRE oS FEQF AR
B H7lo| o AEAY £4 A+ (Lee 5 2012)2} ThFet
AZo|A Az FF9 A7 &4 T FHS AR A4
(Choi 5 2016)° X &= TR AF7} F7HEFE FANISTE 3

;

)
o

43t ch Baslo] B AL
of, A7 WAErE B 59 F4 I
AEZA A7 ol AE, S D EF 84 5 ot 9
o7 7 Aiglo] 7|EATFe} thE 4 Qo B E & EAg|of
ote Fa% Ametal Azt

upx|eko 2 Zxo] 4= 27] 4.10~5.17 log CFU/gO. 2 L}
Ehgton ezt Mg wet TR 65730l 3.79-4.65
log CFU/go.2 UEltoL}t Brg 8o thA] J71sto
3.64~4.96 log CFU/gO. 2 YEh} Autz oz dar|7t 5 7
ahs APS UERH. 53], S99 J7sHA ¢,
S H71eE D EuPEe e 7MY B2 S8l
Uetio] & Fwto] WA A+ aIE YetleaL
Holt}. Aspergillus@} B. subtilis TR Z o]-&dfo] A x3t
o] Fgo] = RALE SF9S W(Kim § 2011), F+F 7}
7F SHA] @2 =gl vlsf 108 A 2pol(1 log CFU/g)E
g Aot Aottt dRtEo g HAEHEAoM ax
T%0| = EaE 27RO Bavt SUHESE S7sto
a7} TYL w5 log CFUg 52 §A3 T Bk o
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Table 5. Changes in total polyphenol and antioxidant activities during byeolmijang fermentation

2018) % 3} ]
& A sing S°) 5
i G DHIHE ole 2L o3 Shelsteit.
L2

S U g A7t Eug

O

Fo] ABTS &z &7 5=
Asl7] Y5te] BE A RE 158 S]45ke] 2t A}
44.54~63.41%2 VFEPEO W BHE 652} 75.58~
S BTyt WE 8FA; 57.76~
Eojvs &
AlQJstal H7bto A= B2 S
A= 2 F7KsE C EulgoA 7 2
A= A0 = Yeth. DPPH S|z &2A59] 39, Erl%
ARE 128 3dste] SAs1PET],
64.03% H Y= YEPoH, Brart
o] F7Fst L

WwE 7] 4546~
g wat AAEA

23] Z7Feks0.

FYAQ Aol&
2017), &
2018) @ Bo ga=
2022)9] AFNME RARES HFo] F

% Z9 9= $F, ABTS 9 DPPH

Fermentation period (weeks)

Sample"
0 2 4 6 8
A 220.56+18.179% 479.20+7.76° 577.26+17.54™ 596.99+9.82"8 626.33+17.26™
Total B 317.83+2.81°P 520.83+6.50™ 573.31+11.19" 660.96+16.93** 668.51£19.31°
p"clzﬁie;;"l C 284.4443 51°F 491.17+13 .83 637.07+14.00° 615.53410.43" 710.42413.15*
(mg%) D 307.86+10.85" 560.36+11.95% 642.64+17.07* 619.76+7.11" 654.1147.63"*
E 331.18+4.28¢ 530.77+13.80™ 616.12+15.92** 617.05+31.57°* 645.28+19.84%4
A 44.54+1.55F 69.33+1.54C 72.02+1.22" 75.58+0.98" 65.22+1.67°
ABTS radical B 59.23+1.96' 73.91+0.79" 75.50:£1.58*4" 76.50+0.53" 57.76+0.89"
scavenging C 51.69+0.94°° 72.10+1.35% 74.200.68™" 76.50+0.12°* 75.03+1.32%48
activity (%) D 60.35+0.61°° 76.76+1.03* 74.56+0.70™ 78.04+0.20% 63.4941.43°C
E 63.41+4.78%° 73.17+0.73°5¢ 75.90:£1.58*8 78.30+£0.59** 70.01+1.00°¢
A 45.46+4.230 58.12+3.89C 71.96+3.37 71.44+3.33%8 78.92+1.31%
DPPH radical B 61.77+6.04* 71.97£1.15"" 81.98+3.43* 82.30+3.22* 86.68+1.46*
scavenging C 54.05+2.49*C 69.46+1.21°8 82.64+1.15* 81.01+1.10* 84.17+3.70*
activity (%) D 63.0343.18C 76.0042.68" 82.89+0.81* 83.9322.74 85.20+1.48%
E 64.03+3.728 68.10+5.51" 80.45+1.14* 82.02+0.95** 85.43+0.57*

D A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in byeolmijang,
E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*dyalues with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
AEValues with different capital letters small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
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Table 6. Changes in reducing sugar, amino-and ammonia- type nitrogen during byeolmijang fermentation

Tl Hustled & AT AR Ha 85 oS Y
279.15~320.84 mg%E UrEltth R 7|7hE 83 EQ HE
Almo| A A|&H 0 g Fho] F71et Ao = Hol Wa7|7to]
85 o4} XY= ofn| g F49
2 o= Farzt et iR A9 gfol 7MY =4
YERd 22 2 Ao rlgEo] 7Y Eol As3e] Axt
(Table H= WYE BT a4 P9 FFS UGkt &
e

e Eo ol A deaminationo] 2Jsf A3/ H= Y
ofe] daw W 4 Al R ZAHEE dutFow &
FoME Hy = ol ac] A uZ AREE AR THLee

qdFS H S A2

Fermentation period (weeks)

Sample”
0 2 4 6 8

A 0.98+0.05™2) 2.23+0.05® 2.53+0.02 2.110.03<C 2.13£0.06%

Reducing B 0.92+0.06™* 2.7140.03* 3.35+0.04* 2.96+0.17°" 2.3240.03

sugar C 1.05+0.06™ 2.54+0.02°° 2.67+0.07°C 2.87+0.03** 2.760.03"®

(o) D 0.82+0.08° 1.73+0.03® 1.97+0.05% 1.76+0.04% 1.25+0.01<¢

E 0.96:0.04™F 2.28+0.01° 2.82+0.06™ 2.69+0.03°" 2.39+0.03

A 191.16+4.41% 208.64+0.29° 264.64+1.42 307.20+1.00°® 320.84+6.05*

Amino-type B 169.16+2.02° 190.96+3.36"" 228.24+3.05% 247.06+1.30°° 279.15+£3.28%
nitrogen C 190.96+1.74°° 194.23+1.52°° 240.53+1.30° 263.10+1.50™ 297.49+5.17°A
(mg?) D 151.96+1.87 189.1441.42° 243.70+0.60" 265.99+3.21% 301.9143.93*

E 148.89+6.00° 187.3143.40°° 233.23+0.88% 248.024+2.20° 289.04+4.47°4
A 349.44+10.86C 416.61+14.94"° 517.44+14.12°¢ 590.41+12.27 676.80+24.74°

Ammonia-type B 346.22420.95% 420.60+10.36" 430.74+12.52°¢ 514.05£18.41 715.64+8.47°
nitrogen C 353.02+13.27% 395.64+6.29™P 476.66+1.77°¢ 544.90+13.24" 578.49+16.13%*
(mg?) D 345.78+17.19% 395.12+10.18*P 458.16+14.42%C 527.62+2.42%P 802.25+17.72*

E 325.62421.30 390.52+14.82° 479.55+4.78%¢ 542.85+10.80°° 625.29+8 324

D" A: Control, B: Added with steamed corn in byeolmijang, C: Added with roasted corn in byeolmijang, D: Added with starter in byeolmijang,
E: Added with starter, steamed and roasted corn in byeolmijang.

? Each values mean+S.D.

*“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
*EValues with different capital letters small letters within a row are significantly different by Duncan's multiple range test (p<0.05).
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5 2016), A= AETH A FAAEZ AFREA geth
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Fig. 1. Changes in organoleptic characteristics during
byeolmijang fermentation by electronic tongue. A, Changes
in organoleptic characteristics of byeolmijang by electronic
tongue; B, Changes of intensity scale in organoleptic
characteristics of byeolmijang by electronic tongue. W
Control, ©: Added with steamed corn in byeolmijang, [
Added with roasted corn in byeolmijang, V¥: Added with
starter in byeolmijang, x: Added with starter, steamed and
roasted corn in byeolmijang.
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