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Quality Characteristics of Black Soybean Paste (Daemackjang)
Prepared with Bacillus subtilis HJ18-4

Ji Yeun Kim, Sun Young Lee, Na Young Park, and Hye Sun Choi*

Department of Agro-food Resources, National Academy of Agricultural Science, RDA

Abstract Black soybean paste (BSP) is a bealmijang manufactured with barley flour and black soybeans. This study
investigated the quality characteristics of BSP prepared with Bacillus subtilis HI18-4 (HJ18-4). a-Amylase and protease
activities of BSP rapidly increased on day 6 and day 9, respectively, (41.45+0.3-42.72+0.16, 21.84+0.24-23.11+0.35 unit/
g) after which the activities were constant or decreased slightly. Amino type nitrogen contents increased until day 23
(173.7843.51-195.63+1.51 mg %), whereas ammonia type nitrogen sharply decreased on day 9. On day 30, lactic acid
bacteria counts were higher compared with the initial count (7.91+0.05-8.17+0.02 log CFU/g). Meanwhile, B. cereus and
total aerobic counts in HJ18-4 added BSP were lower than that in the control. These results implied that BSP could be
edible after 30 days of fermentation, and the addition of HJ18-4 in meju could contribute to the safety of the black

soybean paste by the inhibition of B. cereus growth.
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& A7} chytochrome P450 71]
TS AstAz o (12), TEAZ
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33 715780 8 mAES o] &3t Alxg Rl
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CHOWE M=

AAZ(15kgyS JA(25°C, 18h) B FAK121°C, 1h) F, w3
stk AAEH HE 7FEGO0ke), E(12ke)S ¥ T3
3 AAE A7)9 2Y@00g AE 12cm, ¥°| 3em)oE FF
A% & &, asddA 1Y S FEY stk AxE W
= 797k ‘?:_‘E(ZS"C FAEFE 70%AH S EEAIR e A
Z(25°C, 3 day) ¥ Ef8ilem, Axd wWIF(10kg), &F(Q2.5kg),
2 E(15L)E EFste] dolz]@0L, Kalsantoki, Hongsung,
Korea)oll AF19h8(20-25°C) Al7|HA A3 7bH0 2 ) F 51
A A RE ARSI

AL starters HA71EHA] XS controld}t B. subtilis HI18-45
A7V treat O 2 LFFo] X33k Yl. HI84S 108 CFU/MmL ©)
Ao TRt HEE wlYgste] AEFE 2%ww)t HEE Y7t
SI3ATE. Treat-12 HlF A=A ZEFEIE A7k 2g]FolH, Treat-
2= HFol dE £ ol 2EEE H7HE A Tolth

2 R

g AR 200 80mLe] FRHFE Hrlek(why) #E e

T Ao 3087 JE FE3IATE olE YAEE](8000xg, 10
min)dt & A5dS B4 AFE AMEIIY

a-Amylase M X

a-Amylase €4 Z72 D.UN.(Dextrinogenic Unit of Nagase)
B4(17)011 oJste] SAAT. 1% Wi 718 A (pH 7.0) 3 mLel| Al
EFZd 1mLE ¥ Hiﬁ(wc 10min) A7 & RS 1mL
o 0.IM HCl 10mLE ¥o] W8S FAAIZTh ¥ 1 mLel
0.005% 1,-0.05% KI &< 10mLE Yo A7l £ 660 nmoll

A FHEE 2AAT. 99k 2L e FHalel o 4
o olsh TaBHL A

U.N=[(D-D'YD]x10/100xn

D: Absorbance of control
D" Absorbance of sample
n: Dilution ratio of sample

Protease &4 =3
Protease &4 =42 Anson HC,“ﬂJ(IS)C‘ﬂ u}=} Zﬂ;}oﬂ\:} 0.2

M phosphate bufferell 0.6% caseine £33+ & pHE 7.0°0F X
75‘3]'04 71488 & AzA. o] 7]%3 o SmLoﬂ ANEFEY

mLE Yo ¥-&37°C, 10 mm) AlZ1 %, 044 M ftrichloroacetic
amd(TCA) S5mLS 7hste] RS AAAIZTE 3087F A-olA
WAAR S o 3 Whatman No. 2)3 St o 2mLol| 0.55M
Na,CO, £ SmLE H7He F, folin A1} 1 mLE A7kt 30
75 EAAAA 660nm°ﬂ7\1 FHEE S8k v
B E2] tyrosinedS tyrosine XEFAOZHE] A4keldon,
A& 1gT tyrosine pglZ VERNSIIL, tyrosine 1 pgS A=
58S | unite® kAT

g 58

SIS dinitrosalicylic acid(DNS) ¥ (19)0ll 2Jst] =433
th A& F%9 1mLol| DNS 3mLE £33t & 5% &% 5%
7tgsiar Ws & 550 nmollA S35 =793 glucose stan-

dard curveE =3 9T 7S I

Reducing sugar (%)=AxDx1/Sx100/1000

A: Reducing sugar content in sample solution (mg)
D: Dilution ratio
S: Mass of sample (g)

OHO|'=EH(NO;" N)’é*g &5
ANEFZEY SmL, 34 formalin €9 10mL, ZF5 10mLE
e ==L 05% phenolphthalein 8- 2-3W-2-& 7}st &
NaOH=Z ®|ZAo] & wi7x]9] AH g A& SmL, 7
0mLE €& Z8}2=30) 0.5% phenolphthalein &2 2-3%
7¥ek &, 05N NaOHZ w]§Ao] & wj7}x] z—ixé%kt—_z o]
to] obmlicel] Ha TS AHEIIATH20).

Amino type nitrogen (%)=(V,—V,)xFx0.0014xDx100/S

Nzrlo

g mlo

%1@ o 4y 3 ot

V,: Titration value of sample (mL)

V,: Titration value of blank treat (mL)

F: Facter of 0.1 N NaOH

D: Dilution ratio

S: Mass of sample (g)

0.0014: Nitrogen weight in 1 mL of 0.IN NaOH (g)

ADL[OE(NH,-N) Ea8E &3
opplicel Aa SAwe U AFEH 01mL FHF

phenol-hypochloride ¥F3-ol 2]sle] A& F=H 0.1 mLol ﬁ"“

(phenol 10 g3} sodium nitroprusside dihydrate 0.05 g/distilled

water 1L)Z B-&(Na,HPO,- 12H,0 9g, NaOH 6g NaOCI

10 mL/distilled water 1 L) Z+2F 2mLA @il 37°Col|A] 2087+

HP"*P’% 630 nmellN FE=E S, FEH2(NH,),S0,
£ A&kl hRuolE] s S EATH20).

o 55

gy A S 108 DA A4S ¥ 714 T nutrient
agar(Difco, Detr01t, MI, USA) &7] 27 37°C, 2417+ 5
ot mjeFsl e, 8714 Fw9+= MRS agar(Difco Laboratories,
Detroit, MI, USA), §2HF5+= MRS agar®} BL agar(Difco)S ©|
&3te] @71 27004 37°C, 48A17F ToF wigste] ASiint
Bacillus cereus 7N A4~ W 3}= Bacillus cereus agar base(Oxoid,
Basingstoke, Hampshire, England)®ll 5% egg yolk emulsion
(OXOid)*E— i—l7]—fs]— BH;(]oﬂ T;HUHX]— )\]JJ_E 1_7:] 2—1 4/\—1 o]. =2
O]'M——D:] 30°C, 24’\]7]' HHO]:C’]'Oq EJ’]—E 7:“7‘01'/\}\

M

72| ofg|edt ¥ RIIM BN
el opr|=Ake AFFH Tt SAHEART2L). AE 3g
F3ld 70% ethanol 30 mLE- 715t 147} <t #A38e &
A1E2](21,000xg, 15 min)3}A T} 70% ethanol 25 mLE 23] b
FZEolL FE2AXS 33HY] rotary evaporatorZ 7 E =8I
1 ZES 002N HCl 20mLell =o]x 108 3] &}od
embrane filter® 73t & ojn At XFEA IS 9]
A SHAT
712 B9 AL AR 3¢S 50mL volumetric flaskell ¥
< 7}sled @ AIZE <t sonicationS AleYEFSit).
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Fig. 1. Changes of amylase activities of black soybean paste
during fermentation. Square, control; triangle, treat-1; circle, treat-
2, Significant difference among the control, treat-1, and treat-2 was
determined by ANOVA (p<0.05).

A A F A AYe A% BEGUOE SHsHe] A}
L31Th 5714 B4 9138 717]= HPLC(Agilent technologies,
Palo alto, CA, USA), column Cap cell pak C18-AQ, detector
£ UV 210nm, °]%54- 0.1 M NH,H,PO,(pH 2.5)3 AM&-313L
™, §4-2 1.0 mL/min®] At}

SHzE
RE Ay 33 vHEeilen, Adk= SPSS 120 TRIHS
o]&3ld ANOVA #241S 2831513, Duncan’s multiple range
test2 T2 3F A THp<0.05).
23y D&
a-Amylase &M
RS Halshs 42 o-amylasee] T4 WslE djwiae]
& 717 wet 24319 tkFig. 1). a-Amylase 248 Al A2+
o] g oA g Rl 31.76+0.50-32.4620.6 unit/gell 4]
g 6dA F43] 457 H41.45+0.3-42.72+0.16 unit/g), 9L
A e g5 304704 vl dAsksieh 2E 30dA Al 7
A A+ a-amylase B4 treat-20] 7 $37(35.20+0.22
unit/g), control(34.56+0.28 unit/g), treat-1(32.38+0.28 unit/g) T2
2 FAHCR festiont, 304 el 2E 717 F BE A
Tl HAAQ 249 ¥t AL FARE e vEiith o
o2 #ARe] g-amylase B4 Ha 2719 =T =
7F AP HEA MM Golxivkal By Hlon, o= YR
Frso] 2w B3kEo] qamylase?] 710 Hol E4 4
o] E=UTE AEd 1o AF el wet Hxp Dol W
oA E ZALZ HUTH22). ¥ AFAME FE 9UA a-amylase
4 9k o|Z 2= 1.5 unitlg O ZE A
Ack. dnt BFE Aol &% HE FUE U8R s B
Aol e Bels Hrkete] Alxsisich webs FE ol
H|3}le] q-amylase 7] o] FH& HEo] Borz U -
amylase®] 49| 747t o =2 J¥d Ae=® AztEnt Oh
5(23)2 Aspergillus oryzae, Bacillus licheniformis, 12]3L Sac-
charomyces rouxiis &8 71t 1FA9] g -amylase S S =
At A3, a-amylase 432 #30l9] 9} 7 WS #Ho
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Fig. 2. Changes of protease activities of black soybean paste
during fermentation. Square, control; triangle, treat-1; circle, treat-
2, Significant difference among the control, treat-1, and treat-2 was
determined by ANOVA (p<0.05).
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A Aew RIS
Protease &AM

e o] protease A& WA Z7] 15.51£0.28-17.34+0.52
unit/goll A BHE 9U7IX] FAT] A53FHOM (21.84+0.24-23.11+
0.35unit/g), ©] & 23U7A] ARkt S7HE RS TH(22.44+1.13-
2430+0.64 unit/g). 30Q0lE RE X FoA 47 sk A
gko] B o1} control THHAS] protease -2 treat-17} treat-2
o Hlgte] FAXHOE {o(p<0.01)aH E FAE B i
&o] 7P 2ohthtreat-1, treat-2 % control ZHZb 19.60+1.35,
20.89+1.26, 23.87+0.5)Fig. 2). ©l= controle] Tuja 7]Zo]
treat-137} treat-20l M]3l Wo| &I AL WSSy, whet
A olmatome] Baj7h @ XH Aoz AlFHEc) duk ®
o] 739, E 30U0A 60U7HA protease B0l F7HEH
H, AAFoZ B BFe Aoz e} vlsg AgS
HRATH22,24,25). Aut Bl vlste] g2 wa 7|7k Qo iy
% protease Bg0] 74 = At UYehd o] Hale] #H
712 Qlste] AoiH o F whiEe] o] Hojx whald 7)d
o] f WZA AR WEoZ ALFEHECH Kim 5(22)9
ToME proteases THEF s wgel2 Al ©Ao] A
A AT gl vt 953 =2 protease TS BRS
™, Hong 5(25)¢] AFolX= 4 onyzae® Ax3 Bl B
subfilis® A|Zg B4l Hlste] =2 protease 2/d0] =4 YEH
Stk oloh 22 A A= vFo] & o, 72 protease &
e Alstirnto] ofuzl F%o|9 protease B3 AATF A2
Ao Azt

Ereleh g

Control#} treat-19] U T2 0dAol 27+ 0.37+0.02,
0.39+0.03% AT L& 6dA FFste] ZHzh 042+0.02, 048+
0.02%0] o12Htrt B 9dAl FA3F] 7H431] 0.04+0.005, 0.05
+0.005%7} = XATHFig. 3). ©1¢} 22 WSh= o-amylase 8739
Helol X Aoz FRo| amylaseol] <3l E3l=o] 3
Fo] ghao] Eolxtirt nAEe] YU, Hael 7FR o] §H
o] ThA] Holxl Aew BT Treat2E TR F A2|19 24

flo o ok
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Fig. 3. Changes of reducing sugar contents of black soybean
paste during fermentation. Square, control; triangle, treat-1; circle,
treat-2, Significant difference among the control, treat-1, and treat-2
was determined by ANOVA (p<0.05).
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Fig. 4. Changes of amino type nitgrogen contents of black
soybean paste during fermentation. Square, control; triangle,
treat-1; circle, treat-2, Significant difference among the control,
treat-1, and treat-2 was determined by ANOVA (p<0.05).

= A A ﬂ%% ifJ ©] 030+0.01% Aokt E7 6dA oF

02 UER o, 9dAol= thE At
ﬁ: 31 TH0.05+0.002%, Fig. 3). Treat-22]
a-amylase 4 °] E]'t T ATt AR 64 HIAA
ot odA 7ad AAE B u), treat-20] FIY FFo] =4
HA] 22 00014 64 Aol 57}’8}0347} 6dA tha A3k
oz FAFECH e A T Hil= amylase & A
o] 7P w2 A7 o] o]l w2 AFE H2l Rhee(26)
T Aol R AIFF 109787HA] e ol st ol
T2 7243 Kim 52748 d7o= fARRIT

tlo

rlo

OlO|Ef E4& &t

ARk o= ofne] A4 T2 @ Lart g w
g S7hele A4S UeiiH, ol 98 o wuldo] Ao
| Eo] AAE= proteaseol] 28] olm]izAto 7 A3y |
o IEA UTh28). # ATl ok t
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Fig. 5. Changes of ammonia type nitgrogen contents of black
soybean paste during fermentation. Square, control; triangle,
treat-1; circle, treat-2, Significant difference among the control,
treat-1, and treat-2 was determined by ANOVA (p<0.05).

T g 239A0] 173.78+3.51-195.63+1.51 mg%7kA E71k o
F 30900 ol Ah Fel F7E AALACKFe. 4).
AEFAA B olnE] HEA7F 160 mg% ol delmE, B A
To] e HEE 239 o]Fo| 7} o] ]——t‘ﬂ-g__ o 2= 9

e}, A3 AoA Aut ®o] H9 wg 30Yol olu|-Ef
ol 200mg% =731 tH22,27). r,].]uﬂz]—o] out o] 1)
st e ofmwrl Ak #Ee ATl ohd mele] Hrieh
thelzke] nAE BE oA 7]Qldk Aoz MztE) Azt
d ooplwE] Fh e 2 Aot fi%l=H, o= protease Z
o] v&=g7] HEo R AlgHT

ADL[OEY & B
oy Mg Aox gEUole] Ak o] HshE ofn|
sheko] Wslel SAbElH, WE 7)o FA3F] Frteltirr Fuk
o]% MA3] F7tslE FAIE UERITH22,29). ol¢F 2] W
o] drUole] AAE Fig 5olxe} o] wha 6ol 28 e
Z7kale] 78.78+2.33-89.08+2.79 mg%el EEF T 9o AA
3] AR, o] F MAE] Fadte] 30YdE 40.43+0.94-
4443 mg%7} ﬂ"iotﬂ controll] H|3le] Ae]telA] FAXHLR
2 (p<0.001)3Hl W& FXZ5 HATHFig. 5). Shin S(30)
H 3087KA ©3e] ol Airt Frreltht 4099=
Adhs A9E BHyglon, aRE Hrgto 2 QtrUole
71 YL IAE e Ao E Bt B subtilis HI18-42 A
7¥ek o] Qtmujole] AATo] controlo] M3t fo]EH]
vk At} shin 5(30)2] AAE 1 2 o), 2] dpE
A x| we) ol Hie] Fpt oAE f

e
Hof ARAY. Guvols $A3E fudel g3l pa
1R=B)
i

olN ni m‘i

S € FA0) L 9L vABE, PR
ofl Aav} Zasie B Avel e wgHw
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OjdE o #al
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Fig. 6. Changes of microbe counts of black soybean paste during fermentation. Square, control; triangle, treat-1; circle, treat-2. (A) total
aerobic counts, (B) total anaerobic counts, (C) lactic acid bacteria counts, (D) Bacillus cereus counts. Significant difference among the control,

treat-1, and treat-2 was determined by ANOVA (p<0.05).

g %7] tH] <9F 2 log CFU/ge] #H&xdhe] 8.22+0.12-8.44+
0.07 log CFU/g®] #+E Yeldth 2& 23U FEle A=
zlols YeRgEd], 2a 30459l controk® 9.99+£0.03 log CFU/
gl 2 7MY W 4FE UEHoH, teat-19} treat-2= 7+t
8.85+0.03, 9.78+0.03 log CFU/g®-E controloll ®&le] SAF o=

Fosl 4L #5 YeERIthp<0.001). E3t o= @E %7
#5¢ Blwste] control, treat-1, L2 treat2 7} ZHzZb 0.22,

146, 0.70 log CFU/ge] &l Aot} taa A=zl #7}st B
subtilis HI18-4= v &30l B2)3t 2 Escherichia coli,
Salmonella  enterica,  Staphylococcus —aureus, “LE]3L  Listeria
monocytogenes ‘o= E3dhs TS B Ak Al dish
Fteo] ¢rsftial HArEITh(16). 'Bart sl wet control
o Hlgte] treatato] Fwtrrt FreldAl Aag A& o]2lg HIg-
49] ot Aol 23k Ao AAHEL o3 AAE F3)
g A=A HI8-45 FEe treat-2 Kl td WS A=
Alell H7bet treat-10] 714 ARkAletel tigk o] -3
< & F UAATE Y ST S LE 1599 BE A
Tl tha FIRIT T 2390l FHAate] 3099lE 8.30+0.05-
8.66£02 log CFU/g22 %7 @59} 0.6 log CFU/g o|W2] =}
o]5 Hof vlwz Walrt A9 thFig. 6(B)). T&E AF A FAF
H4E 7.91+0.05-8.17+0.02 log CFU/g ©|.0H, & 2329 oF
0.5-1.0 log CFU/g S7Faldtizt 30¥ole oA fHaste] 8.11

+0.05-8.3£0.03 log CFU/ge & W& A3} H|sslg, g+
F23k 2o)7h YATHFig. 6(C)). I+ T2l
7173 F+5et ¥lws] 2 o 0.2-03 log CFU/gOl &
o] YR A FS Mtao® AdEH, 5714 st
Hg o g Zo] BXTS & 4 AT BANME Lac-

tobacillus  sakei, Leuconostoc mesenteroides, Tetragenococcus

Ry

halophillus, Weisella confuse, Pediococcus pentosaceus, 123l
Enterococcus faecium 52 Aol 2, 4 FH2H(31,32),
You 5(33)¢] AFolM= EolA AA A=Y 37% 7HES
Frat o2 AZseh g faletol tigh A+ o ®
JE vk glod, 2 AR Aol ot i Agels 24
o] 5guj o] o] frlte] wxEE ZoRE A EUTHdata not
shown).

Bacillus cereus 2| #Hs}

I A EZA FA T B cereust enterotoxinZ} emetic
toxing AAkste] MAL e FEE fEste 25|34,
35). B. cereuse AAAlC] & B olyz} AFNA Z AE)
o] A FF A=Al fGA SHETE Lee 5(36) A g
RE A dwgAF A5 @AM B cereus’t HAEEHJTL B
23T B AP = B cereusol]l ThE &2 o] =(16) B.
subtilis HI18-45 W AlZX(treat-1) F= 3 AZA (treat-2)0] 3
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Table 1. Amino acids composition of black soybean paste
prepared from meju fermented with B. subtilis HJ18-4

Table 2. Organic acids composition of black soybean paste
prepared from meju fermented with B. subtilis HJ18-4

Amino acid Amino acid contents (mg%) Organic acid Organic acid contents (mg/kg)

Aspartic acid 1085 Malic acid 15

Threonine 444 Lactic acid 233

Serine 517 Succinic acid 365

Glutamic acid 1959 Citric acid 91

Proline 442 Fumaric acid 5

Glycine 465 Oxlalic acid n.d.

Alanine 440 n.d.: not detected

Cysteine 75

Valine 573 3} vliLsje] wlg e o) ojuliito] FHEo] P% WA

Methionine 76 = Fojd Aoz AHATH3038). Treal 2 ge] F712ke

Isoleusine 510 succinic acid(365 mg/kg), lactic acid(233 mg/kg), citric acid(91

Leusine 791 mg/kg), malic acid(15 mgkg), fumaric acid(S mgkg)o 2 453}

Tyrosine 206 o, oxalic acids AEEA 2AcHTable 2). UGN ke

Phenylalanine ¥ o] T $Ehe Ao g onz fukdel I lactic

His‘fidine 253 acid A4to] BHH ZAo® AZE B citric acide 985S

e o FolA] fefalnl, fabolt Bails®) 4402 F7He AL
2 BIEHATHE9). 71t FS el 'wE 0N, o8 e &

Tryptophane 70

7kt ge] wkg 77kl W B cereus AHTE AT
g AlZ Aol o]u] control(5.07+0.02 log CFU/g)# treat-2
(5.04+0.03 log CFU/g)ll H]3}o treat-1(4.23+£0.09 log CFU/g)°]
EARLE fols e 5 e AT (p<0.001, Fig. 6(D)).
Tk 30¢ UE T, control 591+0.02 log CFU/go 2 Z7}3h
A treat-2+= 5.09+0.01 log CFU/gC.2 A9 W37l gl e,
treat-12 3.88+0.03 log CFU/g2& §931A 748k THp=0.002,
Fig. 6(D)). ©l¢} 7+& AFE B subtilis HI18-4= & a4
Rk oyt o} vl F IE A% B cereus®] F7HE Al
g dom, HF Ax A H7kste Aol B cereus®] A
o B EHHAS AAFetAL At

CHeH&o| olo|tt & R7I4 &2
BA gy, Y, gEYel ¥
5o oke 2 B4 A, wiF AZAOl B, subtilis HI18-45
HEE trearl o] 7PF FAo| skl AFEstoll Asiva
APRET) WERA treat-19] FESl| A AA| LH|RA F

BEE Hrieked Age A

A AFE opieAbst {71aks A48k
ARe UE e 24 A8 o8 Ui o 9ud 9
o] HafEo] opiqt & F {74 Fol AAEH B
|73 553 FvE A 37). T3 f2l oAt
ol E&E ntgt ddol Hold 7 AFoE Hrkd
th29). & AFolM = 308 TE F opvicE] A Fo] 714
7Fs st 160 mg% ol/delHA, dut Al & B. cereus AE°] 7t
7 Ao ko] Hold treat-1 L] 2] olu|iAtsy {7
Aol S SAst AT B IS WA Treat-1 o
&-& glutamic acid’} 1,959 mg%= 74 ¥EO™, aspartic acid’t
1,085 mg%= == ATHTable 1). 2 Holl o}v|=2F2 leusine,
lysine, valine =92 H|w3 £ o3 HZEUTHTable 1).
Treat-1-> 758 gte] A8 zh= glutamic acid(35)7F 73 %
o] A& #AFHLE e Z0E AR HY, HAY AFE

W oeldlEe] B2 ol o8l ol & ¢ e Je= AR Hrh

A o2 geuert th o] A
7 E= Al wE EeE gol o
el

i)
o)
S
I

L2 AN E 54 4 B g E40] Hojd B
subtilis HJ18-4 5 o]&ato] Ax3 7ol vy 5 4
£S5 Hrleldth. a-Amylase®} protease A HE F 6 I
= 94Al F43] oA H41.45+0.3-42.72+0.16, 21.84+0.24-
23.11+ 035 unitg), o5 LBsAL o Fasiion, Sdd
S a-amylase 493 YA|3h= WIS Ho] @a 6dA 7t
F =2 @S Uepliglen o] HAsit) opv =) A g
e 23UA) 173.78+3.51-195.63+1.51 mg7tA F718lth) 0%
|24 dgstdon, dryole] di FF2 IdE F 6Uslol
F43] Z7FIAt 99N E A ZAsiEh @718 Sd
9} fAtErE HE VI F o ST AAskslen,
FARFS7E 7.91+0.05-8.17+£0.02 log CFU/gC 2 2 FoZ
ElRtth &4 84, 39 ¢ A4 3= WU FH5e 74t
4= AZTE §23 2olE HolR= ko S S
9} B cereus e wE 3099 B subtilis HI18-4 A2
7} gzl vlste] folahA @ FAE BOH, treat2 B
o teat-1°] oAl Wttt g F2 A2 vlsssiEA o
1t Mt} B cereus?t 7FE RAl AEH ] o] -3 treat-
19] 7%, glutamic acid’} H2 #oZ Yeh} #A5Ho=z 5
st 7o 7 A=, succinic acid®} lactic acid= THF AESEHSA
ot g2 3047 HE Al 7H 7hsEt ofnxE] A&t A
cbelm, drUole] A o] wolx EFFHIE AE, th
29 glutamic acidg HIEg olr|x=Abst §715F, 28] fAkE
o] Rl A FY¥ol e AoeE HrkH QAT st
B. subtilis HI18-4 2§ W|FE o]&ste] IS Azt dnl Al
3 B. cereus AA EF7} Holu QEAdo] FREER o th
2 ARz &83 & F d& Aotk

o
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