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Properties of Meju Fermented with Multiple Starters

Min Jeong Cho', Jae Min Shim', Jae Yong Lee', Kang Wook Lee', Zhuang Yao', Xiaoming Liu', and Jeong Hwan Kim'2*
'Division of Applied Life Science (BK21 Plus), Graduate School, Institute of Agriculture and Life Science, Gyeongsang National University,

Jinju 52828, Republic of Korea

A test meju (meju 1) was prepared by inoculating two strains of Bacillus amyloliquefaciens (EMD17, MJ1-4),
Pichia farinosa SY80, and Rhizopus oryzae into cooked soybeans. A control (meju 2) was prepared by inocu-
lating Bacillus subtilis KACC16450 and Aspergillus oryzae. Another control (meju 3) was prepared using
rice straw as the source of microorganisms. Three different mejus were fermented for 56 days outdoors.
Meju 1 and meju 2 showed higher pH values than meju 3, whereas meju 3 showed higher titratable acidity
than meju 1 and meju 2. Meju 1 showed the highest fibrinolytic activity. Bacillus cereus was not detected in
any mejus, but various microorganisms were detected in meju 2 and 3. Histamine was detected in meju 2
and tyramine in meju 3 at lower concentration, which were not detected in meju 1. It was concluded that
microbially safe, fermented soybean products could be produced from meju fermented with starters such
as B. amyloliquefaciens EMD17 and B. amyloliquefaciens MJ1-4.
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3o} FuJEES AAdST sATE o] A4 aflatoxin
FTHolu Bacillus cereus 2 A%
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=24 FFoIY B. cereusE A= A TS0 FA2
2 4% gigo] Gt old FFEL MTeho] 3T}
Y A2 FROR ASHE AR ATATI B
AUTH2, 3]. TdE°] FARF S THA 4 TLE § 1]
HoE Ea F felld $42 3A Hag 740]‘:}

TFol A= FRdE T FtEo] 53 B. amylolzqufacwns
MJ1-4¢} B. amyloliquefaciens EMD17 18|31 7P oA £
2]3t Pichia farinosa SY80Z} Rhizopus oryzae 459 &5
E A AT AFE AXSL F 56U TAAFHT. T
£ 7125 WEe] B4 WaE 240 BUTF Aol
A7 B 530 SEY UGN AT FTE 243
ATk, B. amyloliquefaciens MJ1-4= WS A B2t

2 aflatoxin B12 A dt= Aspergillus #+59} ochratoxm
2 AAStE Penicillium 43 4% dAscH11]. B
amyloliquefaciens EMD172 7t oA B H #+F=Z B.
cereus®} Listeria monocytogenes =412 73814 < A gt}
[12]. B. amyloliquefaciens MJ1-4¢} EMD17-2 surfactin
2L lipopeptides2 245t X+ S44E vebdith[12].
P. farinosa SY80T} R. oryzae= bacilli #3E9) 93 4
ol AAHA ¢ow P. farinosa SYS0-Z A & F7| 4=
52 W43 47 BLo] £L FFL 2T R oryzaes 7}
spalEs Byo) S5
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F W

B. amyloliquefaciens EMD173} B. amyloliquefaciens
MJ1-4= Luria Bertani (LB, MB Cell, CA, USA) v} X] 9]
HZE35lo 37°C AE i3t P farinosa SYS80, R.
oryzae 1211 Aspergillus oryzae= Yeast Mold (YM,
Neogen, MI, USA) Hj x| o] 3 Z&3}o] 30°CollA] v Fst At
Bacillus®t 8% & FAE 0.1% YEFE 0| &5}
10814 A 3] 43k 5149 100 WA & Z+2F LB gH A
2} YM 34 vl X] (chloramphenicol 150 ug & 7h o) =435}
o] 37°C&} 30°Coll A Z+Z} v Fsto] Fot it FFolE2
YM A uj R o] E5}o] 30°Co| A v R AHo] FH3| &
A2 Q8 7R s gt & B Abee AREShe] FA
£ 3gesto] At o] @ESITE AZRE ofmisto] dg of
o) 29| Z2}=L haemacytometer (Marienfeld, Germany)S
Agsto] Azt

A

ko)A YT AR (201294 9 kg2 Al HEta

15AZE SRl @7F 29 & =& wehd o 121°Co)lA
507t SARE & WSt F 1.5 kgoll |2 wjof?t B,
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amyloliquefaciens EMD173} B. amyloliquefaciens MJ1-4

FE dF SFH=E A 0.5% (viw) H7Fsgh P
farinosa SY80L 1% (v/iw) HE3 L R. oryzae? 7
0.5% (viw)E HA ATl YFsta vF:E5 4F P =
3 2 0.5% (viw)E F7tE HFSHA wlF 119
(1.5 kg) AZH B. amyloliquefaciens #4= 4 x 10° CFU
MJ1-49} EMD17 Z+Z+ 2 x 10° CFU), P. farinosa SY80=
4 x 10° CFUO| 1L R. oryzae= 4 x 10® sporeso|t}t. #FEL
% ¥ 9TE ssiel BIE TR T, 15x10x
20 cm 27| 2 A3ttt ol HAl o2 Bacillus 23 &
2ol FFol ZH 1F = 4F 2 JFT HFEF ) 2HE
A ZsETh ) 2F 2= B. subtilis KACC16450 (natto o+
29l A, oryzae KCCM 60166 2tz 4x10° CFU,
4 x 10% spore AEE HF @ F 2) 20 E AR3AT E ot
E dzxt2e FAYT 29 A AE HEeE i
YA EHAS 4 NRE AR A2 AFEF
3)7F Qitt. 3FFY vlFEL 3YT AAAxT § &%= 25°C,
S& 80% HiF7IoA 747 Fof AR EEE AT F A9
(12, 1¥)oll A o F G2t T35l mjgot F= WA eg 27
Ha s FYsglct

3= a3 pH, titratable acidity (TA) 73
3 dta F 7Y 7H4 02 ARE FH3lo] pHOt TAS &

AetArtk d2 10 g2 FHd2 979 0.1% peptone &=
90 ml2 4 9] stomacher (Seward, UK)E Al-&35}o] 287+
Faskslsict. @2919) pHE pH meter® 24513, 43

A 0.1 N NaOHRZ pH 8.3& U Oo2 so] AAst &
Ak FFE™, wiw) 2.2 FHitetgint.

98 3 Ads us 54

OA Ao F& WL 0.1% peptone 5= GAZHOZ 108
A sjHet 34 A5 °é% A4 (CFUIg)E &34t

100 A& LB $HA 8l 2] (bacilli), YM SHA v X (FFo], &
&) 123 Mannitol Egg York Polymyxin (MYP, Neogen,
Bacillus cereus) 33 v R of| Z+z} =¢stal 16417 5t

87°C, 30°C, 37°COIA 217t Hjoft & AL Fefeeo] 54
&2 Fool A48 TAAL ARY 33 MBS FF

A€ ot YER T

v 2 5 ohv e A FTF
HEA 29 ofn| e AAFEF rmol A Hoz =
A3IHTH10]. AR 5 goll FF74 100 mIE 71t &, 37°C 5
Zo A 1A17F wutEgTh YA R T d L2 AHS o
0.1 N NaOHE 7}3}¢] pH 842 A A3}t AR A4S

N 10 ml¥} =4 formalin 10 ml, $F 4 10 ml

LEER:
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ot =
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02 2% & thA] 0.1 N NaOHE 715t pH 8.47} 5
WS

(Vl—VO)xF><0.0014><D><

5 100

Amino-type nitrogen (mg%)=

V1: BEAE HA A F(ml), Vo: FAH &7 48] 5 (ml),
F: 0.1 N-NaOH &9 97}, D: 3|4uj4, S: A2 A (),
0.0014: 0.1 N-NaOH £ 1 mlo] Adats A (g).

W EE 3 28 sk us 24

stATH5]. A8 A 2 plasmin (P1867; Sigma, MO,
USA, 1 mU)& AHg3}9] fibrin platedtol| Al plasmine] ]3]
F9E Halg WAL 100% AL G2 FAGT
E93} fibrin plated] A WE AREG p)olA g Bagt
HAL 13 thS 0] plasmin] that A Al EAZH%)

BT 1 g2 75 20 mlof] T F 30°C 204 4X7F
Agskgich. 4°ColA 11,000 x g, 3027t AHEZTT &
(Supra 22K, Hanil Sci. Indus., Korea) ¥4 A5
Whatman No. 2 filter paper (Waters, MA, USA)Z o] 1}3}
odls aaS54E ARE Y. o, f-amylaset A, T
3, 8714 protease 4 5782 Cho Fo] 7|&g Widl &
3 S35HGTH2]. Amylase 84 4§ 7142+ 7HA A
239765, Sigma)e AHESIIT protease TY & 714z
= casein (C3400, Sigma)& A3} T}

|3 5§ % Biogenic amines 3 W3} 23

W F=9] histamine¥} tyramine $%-2 HPLCE o|&3}4]
=743} 9 t}. Dansyl chloride2 §-Z=A|3}5lo] E43F9 1
HPLC £4-2 Agillent 1100 series (Agilent Technologies,
Germany)E AF&3stgth Z ¥ © 2= YMC-Pack ODS-AM
Cis (YMC Co., Ltd., Japan) (4.6 mm X 250 mm)S AR5
ot $£2 1 m/min® E YL 40°CE $AAFA L. o]
ZAo 2 70% acetonitrilie2 AFE3}1L UV detectorS o8&
sko] 254 nmollA St
Zo Y nd

48 3 pHe TA 3}

Az o3 562t AN HA 7Y DAL AR
A& st pHEF AA=E S48 ith(Fig. 1). W5 19 pHE
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Fig. 1. Changes in pH (A) and TA (B) of meju during fermen-
tation. - ®-, meju 1; - A-, meju 2; - M-, meju 3.
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o 2A 4714 AAHE ol A4H}. Ak 2
o] FAto|uf 24 A8t FEOl g8l 27190 pHZL F
3] W 7kA o d a7t A= HA bacilligol 23 B4 =]
= YEYote} opdlRe] &8 pHE Asdt AP4tes
23t Ao Btk AFHAoR A2 b F 35 &
At A EES A Balo| S8t fAt- wlF 3%
of 24 10° CFU/g 0|4 A&HUL 1 A2 & 1 57]
Aetolv a R -Fgole A wF9 F8 nBEL JXE
A7 gt6]. TS AL vF 13} 29 AL JHAEY &
it FAlo] AAE A v 337 v E o pHE E3L 4
T Woldl o2 Azt Ao A #Re 12389 A
A HFE9 pHY AR E S AHE HH ARET
Zpo|7F A wa7E Gojuh= o] W Fhof % &
2% % 4 H15]. ol Risn & AT 2oES 1L
g o ﬂﬂT«l pHS TAE o FE0] 2 Aete A
et GRS & 4

F s F A5 s &4

ujF g 24 2 baciliSd A2 QF54E @a 7Y
7HA F4 3] 718kl o] R 2= YA sH wxlﬂﬂb} A
HozZ 7HAastHthFig. 2). WFE 19 bacilli 4% 27
3 x 10° CFU/go| A 7 & 8 x 108 CFU/g2.2 2664] Z7}5}
I §HE1x10° CFU/go A 2% 10® CFU/g2 2 9F 2,000
v Z715tgch ZHo]& 1% 10 spores/go] A 56 Y ol =
1x 10° spores/g 2 108 Z7}stAc}. w3 29 bacilli @4
= 3% 27] 4x10° CFU/glA 7¢ % 1x10° CFU/ge2
2508 Z7}3F & ANA o7 ZHAFle] 56U = 8x 10°

CFU/g& YERITE. A. oryzae= HE 27| #5304 2 ¥

shglo] Ha7|7E 5 48k FAH Ak w39 bacilli
TE AL 7497 343 $78ke 796 7% 10° CFU/gd
TYd 3 o]3 2 2FH 72l 56YUoll= 5 x 107 CFU/

g& Uehlsich Bl 2
spores/go| EE3% & 1
2.

B. cereus A2 ] 2] MYP StAH| | & AL-31o] W F=2]
B. cereus 2 G JHE ZABIF oY RE HFEA WA
712t 5 AEEHA U HF 13 2= F4F FESHAI
o AEHA &S AL2 A ¥ v 32 S

L AR Z2 ARSI A B. cereus AE0] JAE QoY A
S50 Q91T o ALST R B coreusrt EAA 5%
AL T .2 uk ZAfeko] ThE bacilli S2te] Ao
A 837 B % ek

ANHCZ B cereus?t Z2YH HF0l8 2LFAIZ A
A FdEol 93t Fald dAE AR vt ok
[2]. B. amyloliquefaciens MJ1-42} B. cereusE A sl=

87 1 7k Z7Hete] 7x 10°
ool WA ARHA £

rln
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Fig. 2. Changes in the viable cell numbers of meju during fer-
mentation. (A) meju 1. - @-, MJ1-4+EMD17; - ¥-, SY80; - ®-,
R. oryzae; - % -, B. cereus. (B) meju 2. - @-, B. subtilis (Natto strain);
-®-, A oryzae; - %-, B. cereus. (C) meju 3. - @-, total bacilli; - ¢-,
fungi; - % -, B. cereus.



ahe| 2] 9 Al ALl B. subtilis W42 & #37} 34 E4
o2 ALEHAGI]. THES FFT FFA B. cereus
ATCC11778%} ochratoxin A Penicillium sp.& ZtZ
1% 105 CFU/g, 1 x 10° spores/g 2 GA|Z] & 37°Col| A 3Y
e aAFe 1 Ad B cereus= 2% 10° CFU/gol A
6A17t ¥ 10" CFU/go 2 F713h o] 2| &H o2 7hAs)
o 72X 7k = 9.5 x 102 CFU/go. & 7HAe gl 3ol
24A|17F o] S 2= HEEA FUTH2]. = AHESHA] e
A o2 AT AGS AFA st 45 o
ol tfFol FEdtq B2 A HRTE AT
2o e LAAIT B. cereuset 50| =A7F LAY
7 F 3A A FHH2l

A=Y 227 =A A2 A FaRNA B. cereus
U o2 faltsY Lol dojurztE Ftol s f-3)
o F4 o] JAE o] ARA o2 w|PETH S A
gl AoZ AT 4= 9t HlF 194 FES bacilli 7+
gt T AR T w3 29} 3= HE FFEHSE 7
FH7L 2 =34, F2 A4S Ad o8 L g5l LA
iAo A HHEJAHET vAA). EFEALS FEE A
Foflait ofdet LA FAE EY F o] vAYETLH

AT FR{ AFE Az AP HFE &+
st ATt. o= B. cereuss X3S oY A=
}Elo] &3 B. amyloliquefaciens EMD17& £
A& 243 e A4= FAo| dAE Aoz FHHET12].

o & do [0 do

oSk mle
oot

w7 a5 ofuled) W st

W% AREQ ofulwe W4 Y Wit APHE §
o Z7SHsAekFig. ). W17 2 ofolie)] Ao TFS 21971
At the TSR BOAE 289 ol Relt 1 Rol7} &

600 -

Amino type nitrogen content (mg%)

0 7 14 21 28 35 42 49 56
Fermentation time (day)

Fig. 3. Changes in the amino type nitrogen contents of meju

samples during fermentation. - ®-, meju 1;- A-, meju 2; - M-,
meju 3.
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Table 1. Changes in the fibrinolytic activities of meju samples.

Fibrin plate (%)

Time (day) Plasmin (1 mU) = 100.0%
meju 1 meju 2 meju 3

ND? ND ND

3 ND ND ND
194.5+£19.8 196.7+£59 1106£13.8
15 243.0+16.0 181.1+88 238.2+20.2
21 3438+ 12.1 330.7+18.1 269.3+10.8
28 325.8+£18.0 2533+%52 221.5+15.0
35 319.9+11.6 238.8+18.0 231.3+153
42 302.6+13.2 205.8+23.5 215.0+14.6
49 280.2+11.0 238.2+20.2 209.0+24.7
56 285.6+17.3 265.8+16.3 221.5+15.0

3ND: not detected.

ool AT £94 Aol goith. FROE HE
3 A oryzaed] BHA B0l $otelA] 270k HF
2 oful g A s P EAAT ARto] ATTSF o

A X8| Z2x8tgich(Table 1). W5 19 @H-E850] 2149
343.8 £ 12.1% = 7}A =¢k3 9 F 2= 330.7 £ 18.1%, H
2 32 269.3+10.8%% 7P Wokth waE 56Q0) wF 1,
2, 39 dALIH5L Z+Z 285.6 £ 17.3%, 265.8+16.3%,
221.5 £ 15.0%5 YEtH T S-S HES vl 13t 29 &
Agdsol RS JFT HF 3 Hoh foHo= #3in
E3] HF 19 @H &0l UELFTE HTT HF2 2
ot o = wF 1ol FRAE W b ML=
243t B. amyloliquefaciens MJ1-45 £ 02 HE3 0
e AZbET, BH e BT gELe 7]
A5 st o] & wole 7HE ArA A WHE MJ1-4
o ZL #FE THLE FFde AYS ¢+ Utk

(]

¥ 1

HFda F 5L gz ist

W3 A 259 UHH 5 amylase$} protease 8-S &
st9cH(Fig. 4, 5). RAE AEF W5 39 o-amylase &
< A& 397 F43] S715t] 3990 49 unit/go]il o] &
25| S7Fske] 5690l 55 unit/gE UER AT (Fig. 4). W5
19] 7% TE 149714 F3] 7187t o1 % A8 F7t
shch f3 29 o-amylase 40| 7HY Wkt f-amylase
Q7he w3 30] 7HF AL HF 10] tholal HF 2=

fle ofN

%
A

June 2016 | Vol. 44 | No. 2



114 Cho et al.

A 60
=
o
=)
72}
Q0
=
3
@
[72]
S
>
S
<
o
0 7 14 21 28 35 2 49 56
Fermentation time (day)
B »
=
c
=)
(7]
9
=
g
©
(]
[22]
o
>
g
A

0 7 14 21 28 35 42 49 56
Fermentation time (day)

Fig. 4. Changes in the o-amylase (A) and -amylase (B) activ-
ities of meju samples during fermentation. - ®-, meju 1;- A
meju 2; - B -, meju 3.

7Hg gt ol SO E FFF bacilliE 9] amylase §
7B7F A @k 53 wlF 20 HFI B. subtilis
KACC164502] amylase 9717} WY3k7] gjEo 2 ®Helth &£
# FF WFEY amylase F7PF F2 o] = S AL Al
FoE s HEl 0] AR B amylase H7=
aH =2 got7] ot v 3o0l= o8 #=o] EA
o o]F ¥ amylase 77} £43 50| HFolA Bol F
Aste] aaq7tE £¢ AR Btk 2bA amylase &
Aol 83 TFAESY A T ATA amylase G7}+
£ $AAor e ot o 455 vk a4 97t
ol 21 EdFdto] 27 He SAES LA T+
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Fig. 5. Changes in the proteases activities of meju samples
during fermentation. (A) acid protease, (B) neutral protease,
(C) alkaline protease. - @-, meju 1;- A-, meju 2; - M-, meju 3.



Table 2. Changes in the biogenic amine contents of meju
samples.

(ppm)
Time meju 1 meju 2 meju 3
(day)  His. Tyr. His. Tyr. His. Tyr.
0 ND? ND ND ND ND ND
3 ND ND ND ND ND ND
7 ND ND ND ND ND ND
15 ND ND 97.7 ND ND ND
21 ND ND ND ND ND ND
28 ND ND 145.5 ND ND ND
35 ND ND ND ND ND ND
42 ND ND ND ND ND ND
49 ND ND ND ND ND ND
56 ND ND ND ND ND 10.9
®ND: not detected.
Z8e AE3| AT Qg AJo] gt
HF &4 F protease A oS BH oS FHo ot
£ Zpo|7t 27 goh(Fig. 5). AHY, 4 2 A714 protease
BHEL BE HFolA A 79 73] F7kska 1 o]
Foll= ANrst FAe FUHE WrESY s6dA = HEE
7 Zol7t 2B AFE EA 564 AT F4
protease 24L& W|F 30| A U IV A protease
4L WF 10] #A Ut
W A 5 ulo| A g st 3
w59 histamine¥} tyramine g2 &A% A1 EUL
Codex®] 7] F#]%1 200 ppm< % 7}3} o ﬁ% ANEE ¢l
%A th(Table 2). 53] B3FFS AHES HF 194+ 2HE
A 717k Fe HEHA ‘”%’E‘:} “ﬂ—r 2«] 15°é Al & o]l

A] histamine©] 97.7 ppm AZE A& 18
289 A|Zo|A 7} T2l 1455 ppmol A2} 35
dolxrs ASHA FUT o HEAHAS B olf+&
B oyt ofntE Alm A F A oA o] ReEo
AT 4o §Sh7] wiEolgt =4t} Tyramine W
T 3004 56U ARAMT W2 FEE FEE . o] A
A= EdFHS JET HFY Aol 5T RS B

o,
o (o]
|
) Fo B. amyloliquefaciens 2 w#FE3 P. farinosa

SYS80, 712 R. oryzae & 4 #+F5 A3 HFE UHE
(W F 1). 2T E B. subtilis KACC164503} A. oryzae
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E AT HFEF 29 1A S FUNER JFTS AF
{HF S Azt F 56U TAART LA 7|7HE v
1% 29] pHS} HANEE WF 38Tt 247 ¥ 1e)w

ottt w3 @88 eS HF 10] 7P Edth wE 7]
% BE W Fo A B. cereus= HEEHA o mF 2
oF 394 ofd] B MS H Fdtso] ASHU w2
oA histamine®] 12|31l W3 39| 4] tyramine®| A EE=
AEHYoY HF 194 & o A&HA U B
amyloliquefaciens EMD170| 4 MJ1-49} 22 &8 45
& ALt HFE AXSHH vBETHORE B} kA
& ARAEE AAo] 452 Aol
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