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SENSE FEEL YR SYEANEE e lENEY
Abstract This study aimed to investigate the quality and microbial population
changes for 90 days under two fermentation conditions, outdoors and indoors (35C),
with starters (single or mixed) in soybean paste. Bacillus velezensis NY12-2 (S1),
Debaryomyces hansenii D5-P5 (S2), Enterococcus faecium N78-11 (S3), and their
mixtures (M) were used for the makjang fermentation. The content of amino-type
nitrogen among the makjang samples was highly shown in the indoors, followed
by M, S3, and S2. The glutamic and aspartic acid contents in the M sample
fermented in the indoors showed the highest values of 867.42+77.27 and
243.20+£15.79 mg/g, respectively. By the electronic tongue analysis, the M sample
fermented in the indoors exhibited lower saltiness and higher umami than the
others. Consequently, we expect that using mixed strains, such as Bacillus,
Debaryomyces, and Enterococcus, under constant conditions showed potential to
the quality improvement of soy products.

Keywords fermentation locations, makjang, quality, starter
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Table 1. The mixing ratio of raw ingredients for makjang fermentation

)

Groups' Meju powder Salt content Distilled water Proportion (%) of starters inoculated in makjang
(%) (%) (%) ) N )

B. velezensis D. hansenii E. faecium
NY12-2 D5-P5 N78-11

Control 40 12 48 - - _

S1 40 12 48 0.1 - -

S2 40 12 48 - 0.1 -

S3 40 12 48 - - 0.1

M 40 12 48 0.1 0.1 0.1

"Control, no starter during the manufacture of /makiang; S1, manufactured using only B. velezensis NY12-2; S2, manufactured using only D. hansenii
D5-P5; S3, manufactured using only £ faecium N78-11; M, manufactured using all of S1, S2, and S3 strains.
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o] et 4% FormolHS AHgsto] ATt SH+
10 mLo] A& 5 mLe} pHE 8.3°% % formalin 10
mLE A7, 0.1 N NaOHZ #A5}0o] pH 8.4(1]5A)
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FeA skt O™ o2, €9 A(0.1% triethanolamine
(TEA), 6% CH3CN, 140 mM sodium acetate(NaOAc),
pH 6.1)°l §fA1A YAlEesto] AsHe B, 0.45 pm
Syringe filter2 of¥}3t ¥ A4 A2 2 ARSI AHE:
H detectore= UV detector(HP Agilent 1100 HPLC,
GMIL, Ramsey, MN, USA)o]1, AHE Waters Nova-Pak
Cig(4 p#m, 3.9x300 mm)= AH&SFA] 254 nm 7ol A
A&, ols/d2 8 A% 81 B(60% CH;CN)E
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agar (Becton, Dickinson and Company)°ll €A% =&
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ek

2.8 O/4Z7E 24&(next generation sequencing, NGS)
MiSeq™platform(Illumina, San Diego, CA, USA)Z
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(Macrogen Inc., Seoul, Korea)ol| ]&sto] Hdgstict. ot
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3|41 DNeasyPowerSoil kit(Qiagen, Hilden, Germany)
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0]9] 494 Duncan’s multiple range test® B3t
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Table 2. Changes in of physicochemical characteristics during makjang fermentation

Groups Items Fermentation  The makjang samples manufactured using single or mixed starters”
periods (day) "o o s1 2 $3 M
Outdoors ~ Moisture 0 52.23t0.29%9  51.63:0.06°* 51.4040.16> 51.59+0.11% 51.69+0.01°
8 30 46.80£0.73%® 44.7620.71%® 43.45+1.53" 44.2041.12%¢ 43.410.97*
60 45 61+0.06° 43.7240.12% 44.87+0.20% 46.770.05% 46150598
0 45.09+0.20™¢ 44.77+0.16" 44.78+0.38"™ 45.3610.77°5¢  46.00£0.40°
Salinity 0 12.16+0.06%° 12.34+0.06°P 12.46+0.02°° 12.67+0.13%C 12.53+0.03%°
) 30 13.54+0.05%C 13.9240.26° 13.81+0.10°¢ 14.0040.03® 13.40+0.02°
60 165.61£0.01°* 18.3320.10° 14.65:0.16% 14.7740.25% 15.76+0.02%
20 14.53+0.04® 15.1840.12°% 15.47+¢0.18* 14.774¢0.31% 14.04+0.07®
pH 0 5.84+0.01° 5.86£0.01%% 5.86+0.00% 5.85+0.01%4 5.85+0.00°%
30 5.6810.01% 5.69+0.01% 5.6910.01%C 5.66£0.01% 5.6910.01%¢
60 5.7610.00 5.66:0.01° 5.71:0.01® 5.65:0.01 5.70£0.00"®
0 5.50£0.01%° 5.4610.01 5.50+0.00% 5.59:0.01% 5.47£0.00%
Acidity 0 0.70£0.01% 0.88£0.01%° 0.8140.01°¢ 0.774¢0.01°° 0.65£0.01°°
%) 30 1.5440.01%® 1.430.01°C 1.42+0.01°® 1.65+0.02%° 1.39£0.01%
60 1.5310.01% 1.7240.01%8 1.49+0.00°8 1.49+0.01°C 1.56£0.02%8
0 1.73£0.03™* 1.77£0.01% 1.670.06™ 1.69£0.00%* 1.710.00°*
Reducing sugar 0 5.47+0.04° 5.72+0.15%° 5.330.02° 5.64+0.04° 5.630.07°°
) 30 15.550.84% 14.560.24% 14.66£0.41°® 16.39+0.30% 14.88£0.14%
60 14.44+0.74% 16.27+1.10% 15.17+0.99* 14.2+0.78® 15.3240.11%
0 8.4310.05% 8.2710.18% 8.3610.11°¢ 7.28+0.14% 8.2210.07°
Amino-type 0 149.40£2.96°¢  122.75+0.99% 133.27+0.00° 148.00£2.98"° 155.012.96%°
b 30 3693077 352104198 349304397  33176:2.98°  364.03:0.99°
60 485.37+1.98 476.95+0.00% 502.90+2.98* 455.910.00% 458.72+1.98%®
ey 4839745.95%  47274+1587*  483.26+10.91°  474.85+12.90%  484.67+0.99%
1060 https://doi.org/10.11002/kjfp.2023.30.6.1056
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(continued)
Groups Items Fermentation  The makjang samples manufactured using single or mixed starters”
periods (day) o ol s1 $2 3 M
Indoors ~ Moisture 0 52.23t0.29* 51.63£0.06™ 51.40£0.16> 51.5940.11% 51.69£0.01°
(%) 30 45.09+2.13% 48.15£1.63%8 49,1841 .25% 464240598 49.48+0.76%
60 38.8210.26%C 33.6540.48 38.83£0.43:¢ 38.270.36 38.57+0.04C
0 40.01+0.26 38.6240.24 38.76£0.19° 37.39+0.60° 39.37+0.58%¢
Salinity 0 12.16+0.06° 12.34£0.06°° 12.46£0.02°P 12.670.13%° 12.53£0.03%P
(%) 20 14966030 15274005C  1536:0.04C 15441012  1503:0.07%
60 19.26+0.17404 18.600.16%4 18.37+0.43 19.48+0.002 18.73+0.06b
<o) 16.08+0.21° 17.13+0.43® 16.30£0.07>® 16.78+0.05°® 16.60+0.02°"®
pH 0 5.84+0.01° 5.86£0.01%* 5.86+0.00° 5.85+0.01%* 5.85+0.00°
30 5.6840.018 5.66+0.01%® 5.67:0.01:® 5.67+0.00°8 5.66+0.00°
60 5.50£0.00°C 5.49+0.01C 5.53+0.00°C 5.50£0.00 5.58+0.00°C
0 5.28+0.00°P 5.29+0.01°° 5.38:0.01%° 5.27+0.01° 5.38:0.01%°
Acidity 0 0.70£0.01® 0.88+0.01%° 0.8140.01°° 0.7740.01°° 0.65+0.01°°
%) 20 1,660,010 1.67£0.00%¢ 1.74£0,00 1.60£0.01< 1.50£0.01%
60 1.900.0208 1.930.01258 1.83+0.00°8 1.9440.00¢8 1.7640.01¢8
0 2.0740.03° 2.25+0.10% 2.2040.04%* 2.37:0.06* 2.1240.03>*
Reducing sugar 0 5.4710.04° 5.7240.15% 5.33£0.02° 5.6440.04° 5.63£0.07°
) 30 14.68+0.52 16.2540.73" 14.99+0.08% 13.66+0.00% 13.03+0.14%
60 14.03£0.57" 15.180.35°® 10.49+0.35® 9.7810.60%® 9.87+0.35%®
0 7.3980.11%¢ 7.0240.21%¢ 6.70£0.05° 6.33£0.14% 6.020.00°
Amino-type 0 149.40£2.98°C 122.75+0.99% 133.2740.00° 148.00£2.98° 155.0142.98°
nitrogen
(mg%) 30 469.94+0.00° 542.18+2.98% 572.34+0.00° 530.26+0.00° 512.72+4.96%
60 582.16+13.89  580.06+0.99™ 617.93+2.98% 602.5018.93%8  615.83+19.84
<o) 582.1645.95% 579.36£2381%  589.18+13.89°  625.65¢11.90%  668.430.99%

"Control, no starter during the manufacture of /makiang; S1, manufactured using only B velezensis NY12-2; S2, manufactured using only D. hansenii
D5-P5; S3, manufactured using only £. faecium N78-11; M, manufactured using all of S1, S2, and S3 strains.
Il values are meantSD and the outdoors and indoors groups were compared using Duncan’s multiple range test.

I Dyalues with different capital letters within a column are significantly different by Duncan’'s multiple range test (9¢0.05).
*Values with different small letters within a row are significantly different by Duncan’s multiple range test (p¢0.05).

¢ Ao] 42 $E3 Aol Wsls FRFLA
oAEl AT S UEhton, ol w7|7to] A
Aol wat o 2 Aol2 ek
3.2 pH % Z4t Hs

SagAe £ Gsto] AxS B RS pH

oF FAtS] WskE &7gsto] Table 20 Wetlth. 2789

https://www.ekosfop.or.kr

Az A% pHE 5.84+0.01-5.86+0.000]%10.H, L9]9}
oA Z+Zt 5.46+0.01-5.59+0.013} 5.27+

]:ﬂ'_g_/\ “§j_.
0.01-5.38+0.01& §-992Ql $F(p<0.05) 2.2 A5t
A% A5 w2 0.65+0.01-0.88+

B4 39,
0.01%9] WS UERIOL, WE 902 Fo] Lol

1.67+0.06-1.77+0.01%, ¥aAA= 2.07+0.03-2.37 +
0.06%% F938o2 Z7FstAtHp<0.05). °ol&gt &a 5
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9] pH 749} Az o] Z7=
o] BT |74 Wi TS AoE FWHEHAn 5,
1987; Kim 5, 2011). 3} 0|9} 22 W3l= E4o] ¥y
220 & FF= =t Kim 5(2008) #1204 Has
o pHO| A4a7t A2olA dad i) o =24 APH
tha B skl e AoA A3t 9ol ofQjoflA LaAIZ]
SPETH B W2 pHE Hol 2 A7Ae} fARSHI

S, S Aol wE 99| pH WHIte Yag4et
717kl met f-oJu|ek Aol Hoith F4te] o= At
& Y S79 FHSHA Seol|lA HaH 909 A iR
B A REL 1.67+0.06-1.77+0.01%2] HYZE JZ2F
(1.73£0.03%)2} FARRE g2 Elet. 1o wsf, daio]
A &3t AlEQI S13F S32 ZH7F 2.2540.10%%F 2.37+0
00%2 =2 = UEHoY, 1 99 & Aas2
2.07£0.03-2.20£0.04%2] HH= ¥ 2 F2 G
HATH(p<0.05).

iﬂ"“’ﬂ*ﬂ WA it

3.3 =25 25 Hef

Z¥7Yo] e} AlmEolA F e o]-&sto] A

o} 3RS ZA5}0] Table 20 AAsIGITE 93 A

o= Qs FHH Fstai(amylase) 280l
o]eksto] o] 4ol 5.33+0.02-5.72+0.15%% o
A Gokou, W 309 Aol B3tass] E4go] Bl =
A Uehd g gieFo] 9)9f Bra oA Z+7F 14.56+
0.24-16.39+0.30%2} 13.0340.14-16.25+0.73%=
S Uttt 1 & 9gol ASoks vdEY 4
¥, Maillard ¥+, ¢3Z&3} F714F EEo] 7142 ol
o]- 8] %7] wiEo] wa 90Y Aol T Fgo| 229t
g AoA Zk2 7.2840.14-8.43+0.05%2}F 6.02+0.00-
7.3940.11%% Ax} 89&8 07 74599 tHp0.05). ©]
£ 98 39719 gdgo] Skttt 1 3 AAE
= Byun 5(2014) ¥ Choi 5(2016)2] A+27et fAFSH
o:h;]..

S, S+t Ao I WHske IR 90Y A} SLjek da
Alof A ﬂh?«l AT Fhol 27 8.43+0.05%%} 7.39+
0.11%= 7%=t o]et Blusto], GUAFF(S3)2t &
AR M= QoA 242 7.284+0.14%%} 8.22+0.07%
2, daAAE 247} 6.33+0.14%2F 6.02+£0.00%%

T 35

5] o
oF 2hdl
X A5

gl

rl

X
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1o

Aol +E0 2 Hol5 HEHUTH(p0.05).

2 AFATofA GLAFF(S3) EJA—AFM)= &
Q|9 ra oA 909 Aol fojFow W2 ol FdE
HAHp(0.05). °ol= B8ALE HFH E faecium
N78-11°] F= &Eoliok= o] 583 &2 3 A0 = Hof
A, o] sl T AB|7} "WEhA ST o] dagt
AOE AtmHTh

3.4. OH/=AF 2 2 Hisf

P AR A dagaet St A2lo] wet s/l A

= S AR 7] Ydlo] ofu|i At A A(NH;-nitrogen)
g SA5to] Table 20 YetQlth ofw|iAl die
o5 TR AR gt} gulo] 42 Aol Jow &4 3
o 4 52 ¥ 5 e ARAEY FEAEE, A
9 protease?] -&o] oJsto] Tl o] o] Ake] E]
2 EoEe ALE Uetdthilee 5, 1992 Lee &,

2014). olo] A5AE EFEFAMinistry of Agriculture
& MForestry, 2007)° 1 7]%& 300 mg% Ol o.2
st Qi

WA, dagAo] BE opn|ieAt A T2 oY AR
215 122.75+£0.99-155.01£2.98 mgkol o, Hadl
oAl HHAIR w2 HFH 30Y8 Aol HRH469.94+
0.00 mgl)E Astar thF-E9] AFF+52 500 mg% ©]
2o T UEhd W, SejoA IEAlxl wHE
331.76+2.98-364.03£0.99 mghz TEAET FA3]
W2 FEZ BAHp(0.05). B A&7 ER7|Zo] A3t
ol whe} ofm| At A4 gL M Sk AR Y
R, IR 90 A o] 2R|A = Sejot wradolA 77}
472.74+15.87-484.67+£0.99 mg%2t 579.36+23.81-
668.43+0.99 mg%E ERH AT

M, S+ Ao T Wsk= 90Y o] F Wa A4 T

S T TUAEH(S3)L EFAFEHMY o
F AL T2 625.65+11.90 mgh?t 668.43+0.99
mg%= E. faecium N78-115 A3t AlFol|lA 594
o= 7P &2 gE UEItH(p<0.05). 1oj| ¥is, o
272} FUAIEHST, S2)= 600 mg% vt ks, &
QoA wrad w2 500 mg% "IRke] S Hoh
Park 5(1994)°] ©=H A oA ofm|icAl AA TFS

T o=
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FolE o gAY HELS giHoR Bejske et 3.5 045 +9 He

FH IRELETE F8 Q10 RA, JH3 45 At A TR0l A E9 Fve FHo 9T F= 8=
& 279 HATE BT HE HER opn|ieAt A4 F 0 WSS AuwE Y 1 Z¥E Table 3 AAISHAT
7V 71HE 4= Uokal Basto] 2 Ado)A ARRRE 45 HA AR T BE ARES 8.87+0.04-9.21+0.08
S F2279 wado] Ty Bafo] 344 93 log CFU/g ¥ SuE H3on, 90 7+ Zejeh &
uz FoZ AlgHtt, BAAA TaEE w2 ZH7F 9.6240.21-10.51£0.03

Table 3. Changes in aerobic bacteria, fungi, and lactic acid bacteria during makjang fermentation

Groups ltems Fermentation Viable microbial counts (log CFU/g)”
periods (day)
Control S1 S2 S3 M
Exterior Total microbial count 0 0.00£0.057°%9  8.87+0.04C 9.2140.08°%® 9.01+0.06*° 9.02+0.05°¢
30 9.0240.12° 8.99+0.06° 9.13:0.08°® 9.09+0.04°° 9.1540.14°
60 9.66:0.00" 9.10£0.03® 10.07£0.07% 10.05:0.07°® 9.97+0.03®
20 9.6210.21% 9.9140.01p% 10.03£0.11 10.510.03* 10.41+0.09*
Fungi 0 5.9120.12% 6.210.30% 6.2120.12% 6.2420.17% 6.00£0.00*
30 5.510.12%% 5.42+0.00"® 5.560.00°® 5.42+0.00%8 5.60£0.05%
60 5.42+0.00% 5.12+0.00°8¢ 5.1740.07%¢ 5.26:0.06°%¢  5.27+0.21%¢
90 4.97+0.21%¢ 4.9120.12%¢ 5.1110.16% 4.970.21%€ 5.3310.05°%
Lactic acid bacteria 0 7.82+0.05% 7.86+0.00° 7.96£0.03% 7.94+0.04%* 7.65£0.02%
30 7.19+0.14% 6.97:0.11%8 6.8310.08 6.29+0.10° 6.80£0.08
60 6.110.16™ 6.06£0.09™ 6.610.07°% 6.61+0.07°C 6.62+0.21%%
20 5.97+0.21° 6.02+0.28% 6.30£0.25° 7.05£0.02% 6.35£0.18°
Interior Total microbial count 0 9.00£0.05° 8.87+0.04°C 9.2110.08%8 9.01+0.06° 9.02+0.05°
30 9.13+0.01% 9.38£0.06* 9.27+0.04%%  9.2310.06*® 9.36£0.02%
60 10.11£0.01%  9.31£0.14% 9.3140.01% 9.49+0.00° 9.33:0.01°®
elo) 9.12:0.06% 9.09:0.01® 9.1740.01°6 9.23¢0.02°® 9.830.01%
Fungi 0 5.91+0.12° 6.21+0.30* 6.21+0.12% 6.24+0.17% 6.00£0.00*
30 5.2610.06® 5.00£0.00°® 4.9110.12%® 5.06+0.09% 5.21£0.12%8
60 5.110.16%® 5.48+0.17° 5.1540.21%% 5.5240.06® 4.9110.12°¢
%0 5.39:0.04° 5.45:0.04°® 5.15£0.21% 5.4410.11% 5.36£0.09°
Lactic acid bacteria 0 7.8240.05° 7.86+0.00° 7.96+0.03* 7.9440.04%* 7.65+0.02%
30 6.850.01% 6.730.06° 6.6310.05° 6.82+0.00°8 6.80+0.00°%8
60 6.180.26™ 6.60+0.00° 6.620.02% 6.380.12%¢ 6.46+0.14°°5C
9 6.170.07° 6.21+0.12°C 5.82+0.00° 6.26+0.06 6.23+0.34%

Control, no starter during the manufacture of makiang; S1, manufactured using only B, velezensis NY12-2; S2, manufactured using only O, hansenii
D5-P5; S3, manufactured using only £ faecium N78-11; M, manufactured using all of S1, S2, and S3 strains.

IAll values are meantSD and the outdoors and indoors groups were compared using Duncan’s multiple range test.

9 Dyalues with different capital letters within a column are significantly different by Duncan’s multiple range test (9¢0.05).

“Yalues with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
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log CFU/g® 9.09+0.01-9.83+0.01 log CFU/g2& &
Q9] A7t 27 w0} ol B9 AnTt ¥ErE F
#57F EoAtH= Mok 5(2005)9 219} GARH], &
AFME £09] Jrrt AHoR Wok7]o] fARRE 73
TS e AN £ A Har|7to] SRkl wh
2t ZAEJATt B Lee $(2015)F Jeong 5(2018)
o] Axe} AR Aoz, B AdoME g Ax 25
7.65£0.02-7.96£0.03 log CFU/gl2 HAZFHUY, &
a7 90¥ Fol= 24 5.97+£0.21-7.05+0.02 log
CFU/gC.&, wa A9l 5.82+0.00-6.26+0.06 log CFU/g
o] HYRE fANE 7 FYSEoRE A At
(p€0.05), 53] ZLol|X 9] fAkt7t AHH O R 2 gt
S YERQITE 3%0] = 2ha 90Y & L0} vra Ao
A 4.91+0.12-5.33+0.05 log CFU/g# 5.15+0.21-
5.45+0.04 log CFU/g= UEfo] HazgAe}t FastA
H[5F T, o= Mok 5(2005)9] Aol B4 Hi
F71(20C)01A 10-125 HEAIHLS wfe} vl 10%-10°
CFU/g9l #2208 HEHUHT.

g, IE 90 A BEH AY AIFEMY S5
Z2ol4 10.41£0.09 log CFU/g¥ HaA A=
.8340.01 log CFU/g2& TAAF(S1, S2, S3)°fl H]
3 BAFCE GOt 2 7S YEFATHpC0.05). °]
£ A7 EdSdt 719] AsAgo] dagA(Zele Ha
A9 334 Apolo= Etotal, uAFES] Y EE-S
SXNZ ACR WS 5= Qlv}. AN 429] W3E AT
B AT, E faecium N78-11 4571 A7t GAAE+
(83)2t EAIAFM)= tHE(5.97£0.21 log CFU/g)
tiE] H8 909 & 2ol 27+ 7.05+0.02 log CFU/g
7} 6.35+0.18 log CFU/g<, HRANA = 2H6.17+
0.07 log CFU/g) H¥] Z+ZF 6.26+0.06 log CFU/g%t
6.23£0.34 log CFU/g& YUY, ddidos =74 &4
sodct. olgfgt fAFe] S-S Byun(2014)2] A-ol|A]
AFH Hie} o], fAkto] AYAbol= 34} nisino] A+t
9 294 9 %S dAlold, HE AEY FH P4

A E5& & ZoE Algdr}

o
0]

3.6. Ro[0t0[A Bt Hisf

AFAE0) Yt Yot ZHolx] St BrhE

1064

£ 84 F o da F s 84aE] s BA4E
Frejotw] Aty B0l Qltk(Jeon &, 2015). & AFolA
= W Alx Al Fagy} S+to ot HarizhE R
otu| A 0] A FHLE heatmapl@ YERHR
ThFig. 1). Az 2§ 9] Fopn|ieAt ko] 1,166.89-
1,527.12 mg/g Mo, 9097 TaMoA] was gt
B2 3,661.71-4,644.04 mg/gO2, Q|04 ¥ray ot
73(3,150.73-3,615.08 mg/g)°ll B3l &2 S UEFH
o}, 9 9t & glutamic acid, lysine, leucine, serine
59| Sajotu|Ato] £x}FoR =2 S HY o,
glutamic acid®] S 592.20+£8.90-867.42+77.27
mg/g? 7P B FoE FEHUL, ol AEEHZA
ZHABRS F= glutamic acid’} aspartic acid®c o @
o] Z43ttt= A+(Jung¥ Roh, 2004)2t Aol &
glopu|iite] AdoflA glutamic acid7b 7HE Bkt
(Jeon &, 2015)= A}t FA5Ht E3], £ Atolx=
glutamic acid®} aspartic acid @&o] Tadofx z+z-
654.56+79.98-867.42+77.27 mg/g¥ 107.14+28.28-
243.20%15.79 mg/gs, Z9oIA 242 592.2048.90-
683.57+£16.99 mg/g¥ 46.94+7.76-124.18+36.04
mg/gl & Ao E YaA XA =2 FHFer J
SH =, ol2fet &S Zpol= Yang 5(1992)9] B
ToMAYE Bt 7|2 E At o ¥F= & AR

15.70 mg/g, 181 867.42+77.27 mg/g 243.20+
15.79 mg/gl &, tRF9 glutamic acid(654.56+
79.98 mg/g)?} aspartic acid(116.48+17.79 mg/g)°]
]3] 2 RS YERHGEY], o] 22 AR Aols I5F
H7tol| Qo] 384 YT vl AoE Alrdt) Eal o
32 Fofsh= glycine T2 t27(50.44£1.95 mg/g)
o] Hlg] BE X EoJA 51.82+7.53-73.2247.38 mg/g
o] MR &2 Fgo g AEF e, 53] BEIAEHM)
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Fig. 1. A heatmap shown the amino acid compositions in makjang fermented at outdoors and indoors locations before and after
fermentation. It was plotted in a green-red color scales with red indicating lower levels and green indicating higher levels.

L 73.2247.38 mg/gl & 7P} B skkS Hrh

3.7. Bt& A[29] alpha—diversity

oY E A E4gelEl7t 1.009] 233 Good's Lib.
coverages UEH o] ZF AlmoA AojA read 7} 1|4
£ 74 2 40 BAHCE Fw5AHTable 4). of
oAl A4, ST 5o 4 B/l YAzt i Fsist
A AolE Hl 3% M AIEFE H4C® alpha-
diversity 24& Z skt

A Zejel Bra oM 90 &<t
AE 2o tigt Fxo 5A48S 24T 2%, A=A
9] A% & FHL(richness)= &4 41.00-55.17, &
BAAE= 41.33-65.20& UEHHo] SoofAEet Had
oA TAAX] 9ol AHHC R £ AoE BAEIT
£2.919] = thoFA T} #-5A(diversity and evenness)S Zt
7} 3.40-3.529} 0.85-0.889] gt H L, TaAAME
3.42-4.007+ 0.87-0.92& ©o|& A$E &= F
Zfolof| o5t =35k #skE Ho|A] gIotet HiH, A
o] B, &0l F FHE7F 21.00-28.00&, EEA
A= 24.00-26.005 U0l Aldt=t5 ] Z¥e} 4ol

oy
o,
2o

s

https://www.ekosfop.or.kr

SHAl S0l 27 =2 g2 UERIT E3 T ok
I #53NNE 4 &4 2.21-2.813F 0.66-0.79
£, FgAoAE 0.61-1.277F 0.14-0.342 YER} 89
A9 FrEo] LaA Hlo) AH R 2 AoE £4
=t} Cho 5(2017)9] Aol W29 H4g9] Ao A9
g oAE 24 B4 d3h i & TERE, o9y, 2
w573 AFAA Ztol s hH o R Eof, HAoA
AlatEo] zlstol Hlsh Eot o thofolal 551 RaLof
Uokal Busto], E AgoA ARg o A= 93
o =EH S Hof Mtol, 35C F2249] TdFA A=
Aol Adoz Bras FEPS Ao JiHr)
S, S A7l wE o] Al HIE ATE
A3}, g2 EFAETE M2 2209k Bra oA 41.00-
43.009] AR BHEE BHYANH GAAFTF 32 29
oA 55.00, TAANHE 64.009] EREZS YehH A
HoR =2 e Bk v, AdRo] FE, 9UAl
T 3 BEFAE S M2 904 & o 28.002, €&
Ao 2+ 26.003} 24.009] EHEE ) 23(21.00)
Hrh 29 2 @2 U & ohdat wEiske, o
22.2D)2 v T RS |, SQfollA $3(2.47)2 M(2.81)
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Table 4. The results of sequencing and diversity analysis in makjang between outdoors and indoors locations after 90 days of

fermentation
Groups Sample  Total reads High-quality reads ASVs? Chao1? Shannon? Simpson® Good'’s
coverage®
A B A B A B A B A B A B A B
Outoors Control” 111,932 129,540 109,800 127,923 43.00 21.00 43.00 21.00 340 2.21 087 0.66 1.00 1.00

S3 125,669 124,441 123,942 122,761 55.00 28.00 5517 28.00 352 247 088 0.75 1.00 1.00
M 81,400 145483 80,066 143,890 41.00 28.00 41.00 2800 336 281 085 0.79 1.00 1.00
Indoors ~ Control 120,293 - 118,690 - 41.00 - 4133 - 342 - 087 - 1.00 ~
S3 94,830 152,880 93,325 151,086 64.00 26.00 6520 26.00 4.00 1.27 092 034 1.00 1.00
M 101,661 169,079 100,197 167,131 43.00 24.00 43.00 2400 347 0.6 087 0.14 1.00 1.00

"Diversity indices of are compared between the bacterial (A) and fungal (B) communities in makjang distinguished into outdoors and indoors.

2ASVs (amplicon sequence variants) are the inferred unique sequences after correcting for sequencing and PCR errors.

9Chao1 was calculated to estimate the richness based on the ASVs.
“Shannon was calculated to estimate the diversity based on the ASVs.
9Simpson is the inferred value of the diversity and evenness of species based on the ASVs.

9Good's coverage estimated the proportion of species represented in the sampled data based on the ASVs.

Control, no starter during the manufacture of makjang; S3, manufactured using only £, faecium N78-11; M, manufactured using all of S1, S2,

and S3 strains.

B2 AFE Eou, ZaAolAY S3(1.27)9F M0.61)> Aoz 4 W 54 %
g er ¥ AE Uit & 4544 B3 Hl 2E 540 932

ot AR Hol, d270.66)°0 HIs) &M= 0.75-
0.798 °F7F =2 7k el At %}woﬂxﬂh M(O 14) 3.8 &HAte 24
o] A3 WAL S3(0.34) % ¥lwH W2 £AE HAth

Az os Tad SgolA EAIHTE MY l d= AR o] WeH a9l A
A 2HF T 54 At JA verd A2 HJET s AAHE S0t 1

o A f 84
E3tFFEo] YA FARANA %ol FH o] B
W A5 =01, o2 Qs & ndEEY 4L o
+ -
3 A 4 5 6 ’ 8
Salt
4 - 6 7 8 9w 10
Sour
, & Y
4 *\) 6 7 8 9
Umami

2 Aol Fagact

oy
8EEEY

-’H(Zhang , 2022) ¥a 9

2 Az,
42 Festo] 90Tt L
g, A%, T1el3 A% %

AIE Fig. 2°] YERR AT
TaAoA &A% AFT S39 M AIREY] AT 4k
(CTS)= 3.6137} 3.472, h26.99)9+ v wato] e Zk

ntrol
ntrol
 E
I

| E
|

ZZ

E
X

Fig. 2. Changes in organoleptic characteristics during the makjang fermentation using electronic tongue analyzer. A, Control (the
makjang fermented for 90 days at outdoors without starters); @, Control (the makjang fermented for 90 days at indoors without
starters); B, S3 (the makjang fermented at exterior using only £ faecium N78-11); *, S3 (the makjang fermented at interior using
only £ faecium N78-11); @, M (the makjang fermented at outdoors using all of B. velezensis NY12-2, D. hansenii D5-P5, and

E. faecium N78-11); W, M (the makjang fermented at indoors using all of those strains).
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k-

B} §HE, SQoA LFAT $39 M| A|REY]
9 6.93% 7.092, f27(7.09)2F F3gk o] glo] &
Ao NEERT JHHoR w2 712 Bt A
FHNMS)ZH AISHAHS) At} g2, Hg oA 443
S33+ MO wFg A|5E9] gk 77 8,173 8.2620%
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o,

Aol & F1 & 5 29t Fig. 3(A)IA= S
9] A ojFel FstA F14 &9 ol ofw]Aba of
50| wXEsto] ot & Aol & FF=
5 ol Aol gt SHA+ 5 &
ASFM) AHEZ B velezensis(11.98%)t B. subtilis
(15.03%) &9 Bacilligol, AR DGAA(SI)E=
Weizmannia(W,) coagulans3.14%)%}, E. faeciund4.28%)
59 Alt=o] sk, oo FHSHA 719532 Al
ARSEIL QUet. WHA, Zolol A BraAlYl B2 Aspergillus

o]E-
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Fig. 3. The multiple factor analysis plots showing the relationships among the changes on components and fermentation locations
of makjang fermented with starters for 90 days. Solid line, the makjang samples indicated to consider ‘outdoors’ and ‘indoors’. Dotted
line, the samples indicated by microbial community profiles among the single (S3), mixed (M), and control treatments.
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(A.) tubingensis(5.08-7.50%)2+ A. niger(20.38-31.79%)
7} F14 89 wakol YA tE L, D. hansenif2.54%)%+
Zygosaccharomyces(Z,) rouxif4.52%) 59 SHE7}
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