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ABSTRACT : The effect of fermented Rhus verniciflua stem bark (FRVSB) extract on the microbial count, enzyme
activity, concentrations of free amino acids and organic acids, and physiochemical properties of doenjang (soybean
paste) was evaluated during brine fermentation. The FRVSB extract increased the total free amino acid concen-
tration by 1.3-3.1-fold on the 42" day of brine fermentation. After the filtration of brine, the following microbial
counts were obtained in the doenjang: bacteria, 0.3 x 10*12.0 x 10° cfu/g; mold, 3.0 x 10°-21.0 x 10* cfu/g; yeast,
1.0 x 10*-2.0 x 10* cfu/g; Escherichia coli, not detected; and Bacillus cereus, 3.0 x 10°-25.0 x 10° cfu/g. The FRVSB
extract addition enhanced the protein and starch degrading activity by 13.8-26.0% and 16.1-35.1%, respectively.
The extract increased the total free amino acid content by 1.4-3.0-fold. Lactic acid, acetic acid, and pyroglutamic
acid were the predominant organic acids in doenjang. Moreover, the proximate composition, pH, moisture, ash, salt,

and amino nitrogen content were increased.
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= AWM (Fomitella fraxinea)ys U0l vl Al
AozMEaL) 2o F7E urushiolE A|As= 4
o] #Y=AL(Choi er al., 2007; RDA 2010; Choi
et al., 2012a) 13%2] obHA X8-S A3 A3} kAo
SREATL FrHE wEt 2o di s HaE FEE
S AR, SRz, A3 FH o%‘lo} A P
SITHKFDA, 2012). Ha2s AyA|WA L] Esls
ZZA)7)3(Choi et al., 2010), ¥ 3Akel8HA S 71A] 3L
22 (Choi ef al., 2010; Kim et al., 2010), > A7 E
R &3 (Sapkota et al, 2011; Byun et al, 2010;
Sapkota et al., 2010)%= S17] Wit AFe] 758 E =
d F U R st Aot 53], £ A S7=E
e S5 ST 2 AYE dFAAE 2 ARES
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al. 201220014 LEL FE=o] FFIER VA= A4S

F BaBA vAE FEFE AvESEOH, & d7e

O %503 AR FEES FRFLAAE AU S
3

Al Foll A=

=

E Ao AFEE BEaLe 20119 499 AF T =8
S 2R A-E 2 x2em AR AE F R0
58 5 dE ATl "ol 1Y FoF A AXWA
] FeF Ewjr] stk R0 48 2 A4S
o2 ZEE Yo} 121°C
5(2007)2] "ol u}
Z3ka 21°CoA 30Y
ANA TEaLs Azt

x

FEES UM ZA 72 Fa2 kel 1081 (wh)
SHTE M & FAE SA S 39F At 2o
100°CollA] 8AIZF B9t 313t S i3S A

sl7] 918t & Frtste] FAFAR B H4iEE
(4°C, 12,000 x g, 30 min)gt T oI 2ZK(Filter paper No. 2,
WhatmanTM, GE Healthcare Co., Buckinghamshire, UK)
o] A|z819

A Bacillus lichenifomis KCCM 11052P 0.02%(w/v)$}+
Aspergillus oryzae(Chungmu Fermentation Co., Ulsan,
Korea) 0.15%(w/w)E starterZ HZ AL 65°CoIA 18
AlIZE B AR o BELE 30°C, AUEE 50%
oA 10 F<t dEste] AzE Aot

W2 10714 FAE 343 v SekagEdd 9
21%% 248 das vFFAe 29 FaE et
25°ColA 429 FF AR EE AT o] &
£ o]g3te] At wad vFE BEs oy WFE
AA7|Z FH st 2S Az ol dre R
2 FEEo] A9 0.7, 2.0, 5.0, 10.0%(wW/N)EH =
EE5 AZRHUYL 252 (F)dEA (Sinan-gun, Korea)ol]
A ALGS Tkl AT 2 Al e] WA
= WET 9.2kg, FEE AR 22 9.0, 8.9, 9.1,
94kgolom, a2 FEE 7t s AHIETES
&3l A48kt
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#4 5gi 0.5% NaClo] 10 mM sodium
phosphate buffer(pH 5.0) 25 mLE 72 T 4°CollA] &}
= &30 9A1EE(4°C, 12,000 x g, 30 min)3F ¥
o] #}(Filter paper No. 2, Whatman™, GE Healthcare
Co., Buckinghamshire, UK)3}o] Z&4N-S ZA| 31t}
SF5 50mLel 0.5% soluble starch(Sigma Co., St.
Louis, MO, USA)9} 1.2% agars 3718t Zd tha
6 mme] TS ¥Eo] AZHE starch plate(18 x 16 cm x
3 mm), 2] 1.2% skim milk(Wako Co., Osaka, Japan)
o] 1.2% agars F7F3F skim milk platedl] &4
10 uLE ZhzF "A3kaL 25°CollA 244 7F B9 HEgAIx]
U2 clear zone®] A7dS 43I TE a-amylase= 574
7] E(Kikkoman Co., Tokyo, Japan)E &-&-3}t}. Acidic
protease 4= #3141 Macllvaine buffer(pH 3.0)°] =
ol 2% casein(Sigma Co., St. Louis, MO, USA) &
1.5 mLell Macllvaine buffer(pH 3.0) 1.0 mLS 7}3+ %
40°CoNA dlgaldTt. oA7]e a4 0.5 mLS H7Fshal
40°ColA 60%7F BHSAIZ] ¥ 0.4 M trichloroacetic acid
&4 3mLe 7HlIA BR-S BAAZATE v 1 mLel
04M Na,CO; 5mL¢ 58] 3143k Folin-Ciocalteu’s
phenol® (Sigma Co., St. Louis, MO, USA) 1 mL< 7}
SFL, 40°CellA 3027 AL F 660 nmollA] T3
=2 =43 % tyrosinetH O 7 SN O G4} HkS
sted 1 ug® tyrosine BEEe] BAS vYehile A&
1 unitZ 33}

pEi

FElotol =t B RI[A

freotn| Ak o =24 7](L-8900, Hitachi Co.,
Tokyo, Japan)E AFE-3ISITH A& 2gol & 30 mLE 7}
ok 100°ColA 1087F 718 3 v &8 F7hske
50 mLZ BHRQITh AE-2](4°C, 5,000 x g, 10 min)3ke]
45S 1mLE FH3L 7|9 5% trichloroacetic acid
I mLE 7k & 94E8214°C, 12,000xg, 10 min)a}
(. FEAE Bl 0.02N HCIE 29f(viv) 3]4 %
o2 ©3310.2 um, Millipore Co., Cork, Ireland)3F A&
Ao, EA AL A AR] wiFd S sttt

F714F #4& 9184 HPLC(LC-20A, Shimadzu Co.,
Kyoto, Japan)Z ©]-83+99.21 post columny'HS AHE-3}
o A5t #714HE48 columne Shodex Rspack
KC-G(6.0 x 50.0 mm) guard column®]| RSpak KC-811
(8.0 x 300 mm, Showa Denko Co., Tokyo, Japan) 2711&
A ste] ARGSFATE. ©]57d-> 3 mM perchloric acidE ©]
4315991, flow rate= 0.8 mL/min, column oven®| &=+
63°CZ 3I3t). E2l&2 Wkg-8-9(0.2 mM bromothymol
blue, 15 mM Na,HPO,, 2 mM NaOH)¥} wk3-3+ & UV
440 nmollA AZEsI3ATE olu REE-EHe] flow rate=
1.0 mL/min, ¥F-2%& 30°CE 3lth A8 ¥4 1g
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of TH 20 mLE ¥ 23K WiseTis HG-15D, Witeg
Co., Germany)g+ T 94142 (4°C, 12,000 x g, 10 min)
3t &J3}(0.2 um, Millipore Co., Cork, Ireland)dle] A}
&kt

FFAEAES 90 mLE 7hsl @23k o 107744 &
AXoR 3Aetal ©AE 34 1mLE AXIE
(3MTM Petrifilm™, 3M Microbiology Products, St Paul,
Minnesota, USA)ell FE3}53 k. YukAlF-2 aerobic count
plate, &% 2 F33°]= yeast and mold count plate, T7
& E. colilcoliform count plateS ZHz} ARE-313 o
30°CollA 48-60417F &<t viFahaA SAA] AErE
AGTt. B cereuss B 25 gofl EHAE AT
225 mLE F7ksle] 282} #2433 o 10714 @A A
3] ol-g- YHSQIth. Mannitol egg yolk polymyxin agar
(MYP Agar, BD Difco™ Co. Canada) H¥l=]o]] ¢
2 NS 02 mlH 58S HFSIAL 30°CollAM 24424
7o & SAAA FEe Akl oAt
4 AAe= FormolH o2 43It AlE 20 7T
100 mLE 7Felal 103 59t wikste] S48 &3l o
& 0.1 N NaOH £ 2 243t pH 8.4Z 3I3th. o
719 54 formalin 20 mLE 7}8}2 tHA] 0.1 N NaOH
gdo=T pH 847} HEF HAHSIER g £ 0.1 N
NaOH®] M-S opn] o] AAggo =z hiksto] AL
&ttt

#n g o

[

Yol Folotolit HEt
BAAZ G o] wlF7E Aol HA

ol i
2
%2

7k FRtelle wF o] wists glsh]
woll A ol FEE FElohn At e 57831
2 FE2E Hub ot Hdade 1A

ATHFig. 1). A7l Folneite] ks X
T2 k] AFs o 294 deg FE2E Ut
T(0.7%, 2.0%, 5.0%, 10.0%, w/v)e] Efelofn| =2t 3
2o 747t 2188.3, 4634.7, 2982.7, 5070.6 mg/100 mLE
2 1638.6 mg/100 mLETth z12F 1.3, 2.8, 1.8, 3.19)
= Jebgth 259 s wEbdE 2.0% o139
A7t & FA7tEE FEFE So] FIHE W I

(

=2 ¥33F AR FAL 2.0% olAelME Ffeotu] Ak
o] ghgo] Q3)e TAIIAY 2.0% H7E AR &

FE UeiliE Aoz 2AEAN VTS A 94
A4 Fo fE]obn] AR (Table 1)
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Fig. 1. Effect of FRVSB extract on total free amino acid
content in brine mash during the brine fermentation
stage. FRVSB means fermented-Rhus verniciflua stem
bark.

alanine, aspartic acid, citrulline, glutamic acid,
isoleucine, leucine, lysine, phenylalanine, phosphoserine,
sarcosine, threonine, tyrosine, urea, valine®]1o ™, dg
2 FE7 7l daliM el A Frkeke ZloR
ettt 58] @4dEe] 8 AFAYEY glutamic
acid®] ZAA1A WsE Aued, JA 149 Ad §
10.0% FH71°] 256.9 mg/100 mLE thxtol] H]sle]
9.8u] =2 FS HoldA 7P B SIS BUoH,
A 424 A" 7+ F7REe glutamic acide] ke
Ztz} 4409, 857.4, 607.2, 892.4mg/100 mLE thZ*
290.6 mg/100 mLel| H]&te] 150.3-601.8 mg/100 mL -2
THFS BT HEE FEES T FEE FINA
AT 9 oAt S ol Ao R AdtH

O|ME Mol Hal
A WA e AT sk A 929 Foll A
gk @] AFrE A5t Table 200 YERA ST
FA7REY] g Gkl 9.7 x 10°, 23] 3.2 x 10%,
AR 25x 10'cfw/geler, thgdde AEEA B
B. cereus 9.8 x 10 cfu/ge & VERT) v 228 H7}
72 ARkl 0.3-12.0 x 10°, F8°] 3.0-21.0 x 10}, &%
1.0-2.0 x 10°, &t B2, B. cereus 3.0-25.0 x 10” cfu/g
o2 FEE bl osiA] M} Fgole] A
7} 1 log cycle M2 ol W3S ¥ & Hsle A2
=2 gkokeh wFE Aol A A =HH HF] A5
o] Ago] EAlSHs 8 stollA F
gl Fofl= tlFE i vAE
o] EA8HA ®th(Yoshizawa et al., 2004). WEFA]
a2 FEE o8 starterd] Y02 H7ISIHE 4.
oryzae= U EA WAER A S/ ofg¥d B
of FFole] AFFrE HelA & Aoz AzhHn. 1

fu of
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Table 1. Changes in free amino acid contents of FRVSB extract supplemented brine mash

Brine fermentation period (day)
Compounds 14 28 42

0% 07% 2% 5% 10% | 0% 0.7% 2% 5% 10% | 0% 0.7% 2% 5% 10%
Alanine 89 59 74 45 858|511 118.6 2039 175.6 187.9|116.0 153.1 252.5 229.8 277.8
Ammonia - - - - - - - - - - - - - - -
Anserine - - - - - - - - 6.0 - - - 11.7 68 84
Arginine - - 27 32 425 1.0 24 130.1 365 855 | 53 42 1456 62 743
Aspartic acid 41 24 39 25 864|152 184 168.8 189.7 226.8| 49 94 250.6 1294 3395
o-Aminoadioic acid 65 58 - - 137 | 16.8 384 379 354 37.1|359 458 475 398 527
o-Aminobutyric acid - - - - 8.2 - 187 20.5 168 202|176 196 229 162 250
[-Alanine 0.4 - - 03 127] 08 113 159 163 151|110 141 55 40 115
[-Aminoisobutyric acid - 0.6 - - 226 | 31 126 394 129 358|114 220 267 176 39.7
»~Aminobutyric acid 33 33 1.5 12 83 | 55 11.0 240 97 158| 90 156 26.1 9.8 203
Carnosine - - - - - - - - - - - - - - -
Citrulline 170 147 33 27 59.6 | 555 1335 159.6 131.1 168.7|103.8 137.6 220.8 132.0 262.0
Cystathionine - - - - 27 | 41 91 60 49 44 1309 90 52 76 68
Cystine 129 88 - 43 9.2 - 9.0 237 146 213|239 114 317 246 442
Ethanolamine 1.9 - - - 36 | 34 62 70 58 68 |57 59 74 52 78
Glutamic acid 263 20.0 153 11.1 256.9(136.6 343.7 669.9 561.5 605.7|290.6 440.9 857.4 607.2 892.4
Glycine 33 32 45 27 526|189 372 1192 994 117.3| 335 478 150.7 1003 167.9
Histidine - - - - 260 | 102 264 79.1 540 68.7|209 346 1019 51.7 984
Hydroxylysine - - - - - - - - - - - - - - -
Hydroxyproline - - - - - 0.7 - - - - - - 0.5 - -
Isoleucine 60 62 35 1.7 664 | 44.0 101.0 178.2 1422 1704 93.1 119.2 2369 151.8 256.2
Leucine 128 114 73 33 1049 77.6 182.1 292.6 223.0 270.1|164.0 211.8 385.2 241.9 403.9
Lysine 150 143 102 54 107.6| 66.1 167.5 3022 207.7 249.5|142.8 204.0 373.7 227.4 359.7
Methionine 32 3.1 1.3 04 196|145 340 545 408 49.0 405 382 689 488 775
1-Methylhistidine - - - - - - - - - - - - - - -
3-Methylhistidine - - - - - - - - - - - - - - -
Ornithine 70 53 21 20 196|336 81.8 427 794 428 |89 979 519 1055 774
Phenylalanine 141 13.0 3.6 1.1 648 | 545 127.0 1852 1389 169.8|108.3 143.9 2423 151.7 2503
Phosphoethanolamine - - - - - - - - - - - - - - -
Phosphoserine 28 30 31 24 00 | 51 117 - - - 92 134 - 15.7 -
Proline 00 52 00 00 474]104 402 1386 904 104.6| 354 50.1 1541 111.6 1847
Sarcosine - - - - - - - - - - - - - - -
Serine 49 27 40 19 778|387 859 2023 162.8 196.1| 78.5 1104 262.8 170.0 288.1
Taurine - - - - - - - - - - - - - - -
Threonine 46 28 44 16 578|259 61.1 1558 1155 141.9( 53.6 78.7 201.1 121.6 2103
Tyrosine 46 24 00 00 40.7| 85 109 892 574 1173| 9.7 69 1331 16.6 1532
Typtophan - - - - - - - - - - - - - - -
Urea - 30 7.7 26 525 - - 919 67.1 92.0 - 200 1142 721 2169
Valine 132 13.0 9.6 44 757|452 1059 1894 1475 175.1| 943 122.7 245.7 159.6 263.6

FRVSB means fermented-Rhus verniciflua stem bark.

A Baciilust-e BlwA WA WAEE B subtilis EE F7E] o8l A5 SUHE ZoE ZgiEiR e
= 15%°] AgEEoME APdshe #AF7 A WAL U A RS |dE 2AstelA e #AA8ge FEke
(Chang and Chang, 2007) Al&olA &= A57dF/ol 1) 2| =]
X B. licheniformis<} B. subtilis7} FLUAAEZ 8215 Lol Hee FEE2 AN 25 Z rouxii®] A
A7) WEAN(Nam et al, 2012), Al RE TEL F AL
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Table 2. Viable cell counts of doenjang (fermented soybean paste) supplemented with FRVSB extract

(cfu/g)
COEZZEI;is:tr?S/V) Bacteria Mold Yeast E. coli B. cereus
0% (control) 9.7 x 10° 3.2 x 10° 2.5 x 10 nd 9.8 x 10°
0.7% 12.0 x 10° 3.0 x 10°* 2.0 x 10°* nd 17.0 x 107
2.0% 1.6 x 10° 21.0 x 10* 1.0 x 10* nd 5.5 x 10°
5.0% 0.9 x 10° 3.5 x 10° 1.0 x 10° nd 25.0 x 10°
10.0% 03 x 10° 8.0 x 10" 2.0 x 10°* nd 3.0 x 10°

FRVSB means fermented-Rhus verniciflua stem bark.
nd means not detected.

o] Wsle #ETA] EUTE Z rouxiies AFF
4-26%(WVYHA A 7hs s HA8S 7HAAL
$H3ollX = pH 4-5H2]X ¥ 2 7F5317]
fol Mg A oM 7Rl fakto] S2)ske
Jalhe A1 2| 50Y F2olA Hd @A
UehtAl "th(Yoshizawa et al., 2004). L2y} &g
F2E F71de) pHE 5.58-6.062% (Table 6) thx
T BT =4 YER] o] UEe FEE o8 &
A o] wshF HAYS 7FsAd ol ATt 21FF (KFDA,
2010)9014 B. cereus®] %S g2 100.0 x 10°0]5t2 |3
Sl e Ba e FEE HUM 98X B. cereuse] &
7Pt BEEZ = s HAZIE olaiiith. HEg FEE
& TFEe AT EAste M E Bacillus w3
Aspergillus 2] AAEE A ot o|2le] dahd
Fol| Fojshs MR E Z JIFS nAA] e Ao
TEn vt @49 s vishks gukdor
Bx7] mAEo] FUIET L A 0 R AEE A
e Alzige] wet 74 = i Zpelrt ok
Yoo et al.(1999) AEEFS td o=t njAlE Al
A 0-20d Abololl UWkA|lg, EX, FFo] Fo| T2 A
BE T A7) FRels A9 #FEA ekl st
3L, Rhee ef al.(2000) 2 Yoo et al.(2000) H=3F 30-60
o Atolof] sk Ao ®WAskal gt

Ny
oX R
£ 30 1

L2 O Ko

T
N
—_
ol
-
o

Yo it By Mg |0 B ol

A7t ofgt B g4 WHsle
Fig. 29} Table 3o YERHSATE. Skim milk plate’dolA]
FEE HA79 clear zone size:= Z+7t 12.16, 13.02,
13.32, 13.16 mm= &7 10.69 mmol|l H]sle] zhzt
13.8, 21.9, 24.7, 26.0%% Z7F3F59S2H, starch plate2]
clear zone size= 217} 14.29, 16.63, 15.28, 16.31 mm=
7 1230 mmel] Hlsted 16.1, 35.1, 24.2, 32.5%
S/ Hae 55 37 ¥439 acidic proteased]
gL 7zt 101.3, 398.7, 296.9, 283.6 U/gle 2 T
156.9 U/gell ®lat] 1% H7k-& Aleletd F== 37t
o eJste] ztzt 2.5, 1.9, 1.88] S718FA T a-amylase?]

FAELE HIre] 2} 66.9, 652.8, 639.6, 598.3 U/gS-
2 Rt 93.9 Ulgell vlste] 1% H7kES A28k 6.4-

7.080 =A JERS
A Ee] Ao JFLS A=

CERS FEEo] I AR

Qrokthe AZK(Table 2)

£ 7otehd, w2 Ao B. licheniformisSt A. oryzae
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Clear zone size on skim milk plate (mm)

1@

6 0.7% 2.0% 5.0% 10.0%
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Clear zone size on starch plate (mm)
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1B)
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0 2 4 6 8 10
FRVSB extract conc. (%, w/v)

Fig. 2. Clear zone on skim milk (A) and starch (B) plate for

FRVSB extract-supplemented doenjang. FRVSB means
fermented-Rhus verniciflua stem bark. The photo
(insert) is typical picture of clear zone on starch and
skim milk plate.
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Table 3. Effect of FRVSB extract on acidic protease and o-
amylase activity of doenjang

FRVSB acidic protease alpha-amylase
extract conc. U/g) (Ulg)

0% 156.9+35.7 93.9+12.3
0.7% 101.3£10.6 66.9+10.2
2.0% 398.7+46.2 652.84+68.2
5.0% 296.9+27.4 639.6+55.3
10.0% 283.6+37.7 598.3+57.1

FRVSB means fermented-Rhus verniciflua stem bark.
Values represent means of three replicationststandard deviations.

AokeE mael] oM FE A E e Ao 1Hdgx
of AME-E= Aspergillusit2 2 pHollA o8] T/
proteaseE AJAkstH, o] F <ZAAd protease?t S
protease’} 12} Tl Haflof] Fa3gk 9GS k= Zo=
A A U3l A oryzae®] a-amylase®] BA0] A. sojae
Ho} =& Aoz dHA JdtH(Yoshizawa et al., 2004).
et AR Aspergillus 45 AHES= olf=
Bacillus & 733 proteaseS AAHSP amylases St
< TS AYRERE o] BHekslr]7] 918 ARE-SH(Kim
et al, 2011). 221} o}A7A] o5 mAyEo] Aatals
BA7F ARl off@A AEskeAl FAIA At fle
Ao = olof Tk A7} AlFsttt.

E&e| faloto| it Mt

WES FEEo] Ak B4 F felolvlndt #
2 Z}z} 855.97, 1899.01, 1675.03, 1733.07 mg%® F=5
A7l 23X alanine, arginine, aspartic acid, citrulline,
glutamic acid, glycine, histidine, isoleucine, leucine,
lysine, phenylalanine, proline, serine, threonine, tyrosine,
valine 5°] Y& =A Z7F HWA URT 627.12
mg%el Hl3te] 1.4-3.08] 45331 tH(Table 4).

frejobr] =ik "] Frldd B IS mAe)
(Yang et al., 1992) i) P& glol|li= aspartic acid®} glutamic
acid’} i) 3rell= alanine, glycine, lysine, proline, serine,
threonine®] iii}&=3ro= arginine, histidine, isoleucine,
leucine, methionine, phenylalanine, threonine, valine &
o] Fofsh= Aoz dEA Urh(Kato ef al., 1989). L&
2 FEE F7F @48 RE fEoh=At F 9ol
Aeeh e Jeile AR @2 7k 179.34,
415.35, 407.12, 407.56 mg%= 2 124.43 mg%ell 2]
o 338 F7teksdnt. o] & EvEt TR ofn=
b Fo 7 B e g EAsta e AR 4Ezl

Zz°| ¥4

Sl mA]

fr
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(Kim, 2004) glutamic acid®] &2 712} 169.96, 311.71,
313.43, 287.39 mg%= T 117.17 mg%ol| Bl&te] 7}
7+ 1.5, 2.7, 2.7, 2,580 S7FEleH, & fElobu At &
Zoll 3t H]&-L 16.6-19.2%F TFE oln|izito] 1]}
74 =94t Glutamic acido]9jo] 7+Hauto] Folsl=
aspartic acid®] $H#% Z}7} 938, 103.64, 93.69, 120.17
mg%= 2t 7.26 mg%ell Hlste] 1.3-16.68] 5713131
o Fopuib S gk &R 1.2%((HE)A
5.5-6.9%(3-15% H7H)E Eokdth ©@uke Uehlle &
ZJobu|=2ke] e 242.51-545.89 mg%E IR 166.95
mg%e°l H3ted 1.5-3.38] F718l2 1 glycine, proline,
serine, threonine®] Yo% FEE°| 23] 72t 1.4-4.3,
2.4-7.3, 1.4-3.5, 1.5-4.08) F7}shHA] BlwE =2 £O
2 WS F fElotu| it digk vl&x S8
&ukE 7HAAL le frElobr|eake] g2 327.59-704.58
mg%= thET 234.37 mg%oll Blate] o 3ui(3% 7t
) S7F8F e, arginine, histidine, threonine®] Z}z;
ol 12.9, 4.9, 4.08] F718HHA 7HY =2 ®ISkE UE
WS isoleucine, leucine, methionine, phenylalanine,
valine®] -2 2.9u8) o]3tE ThE SIFFEHTE W2 H| &
2 Z7VeIAA F fEloredtel] tigh S E Yol
Ao,

Ao Wiy 222 Y7}
:‘

f

o 9aiA F o
wake] S7heh TiEe] AR Al BlEo] 19.8%04]
20.2-24.3%% F7FIAAL U] HIEE 26.6%C14]
27.4-28.9%% Fobd Aol wlel &8-S 37.4%M4
34.1-37.1%2 AaEHEA B3 449 248 2E
STt

bl

714t Hst

ge FEE0] A7k @49 7714t -2 Table 5
of Yepliith. F&& H7kte] F frlat & 747
854.1, 877.9, 874.3, 734.7 mg%= 10% 7+ A|<] %
YUz Aol A thE 782.6 mg%RE Tt tha =4 U
Elstth. Lactic, acetic, pyroglutamic acid’} & 714t
©]%1 3 malic acid®} succinic acide LF H7EolA &
2 A=Etk. 3, oxalic, citric, tartaric, fumaric,
formic acide BE& AgodA AEHA ZUTE LuHy
o7 F waAFe] I 959 ®3), AsEhy o
ARFY, mIAES] ZHE Tl oA ABAEEM U9
miso 2 natto, 9] sufu, tJ7+e] thua nao SollE F=
lactic acid®} acetic acid’} F& §714ko 2 LA AT
A8 ErHEQ] Aoz FAHEE  propionic acide}
butyric acid7} 9% EA18taL AtH(Chung et al., 2005;
Leejeerajumnean et al., 2001). $-2yet AF5E32] §71
2 A lactic acid®} acetic acid7} Be A4S AL
£ 2oz AL (Oh et al., 2003; An et al, 1987)
Fo| M= citric acid(Jeong et al., 1998), succinic acid
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Table 4. Free amino acid contents of FRVSB extract supplemented doenjang

Free amino acid concentration (mg/100 g)

Compounds
0% 0.7% 2.0% 5.0% 10.0%

Alanine 41.44 (6.6)" 56.34 (6.4) 95.76 (5.0) 95.70 (5.7) 87.09 (5.0)
Ammonia - - - - -
Anserine - - 5.98 (0.3) - -
Arginine 4.87 (0.8) 7.26 (0.8) 63.02 (3.3) 31.09 (1.9) 3542 (2.0)
Aspartic acid 7.26 (1.2) 9.38 (1.1) 103.64 (5.5) 93.69 (5.6) 120.17 (6.9)
a-Aminoadioic acid 12.90 (2.1) 1631 (1.8) 16.69 (0.9) 18.98 (1.1) 15.65 (0.9)
a-Aminobutyric acid - 7.44 (0.8) 9.05 (0.5) 8.25 (0.5) 8.25 (0.5)
[-Alanine 5.81 (0.9) 5.56 (0.6) 8.48 (0.4) 5.53 (0.3) 8.02 (0.5)
[Aminoisobutyric acid 8.75 (1.4) 6.14 (0.7) 19.89 (1.0) 18.66 (1.1) 17.47 (1.0)
»~Aminobutyric acid 3.39 (0.5) 3.94 (0.4) 9.42 (0.5) 5.15 (0.3) 6.43 (0.4)
Carnosine - - - - -
Citrulline 36.89 (5.9) 51.57 (5.8) 90.16 (4.7) 67.35 (4.0) 88.24 (5.1)
Cystathionine 3.45 (0.6) 13.06 (1.5) 1.31 (0.1) 1.04 (0.1) 1.63 (0.1)
Cystine 4.11 (0.7) 10.93 (1.2) 12.18 (0.6) 8.41 (0.5) 15.07 (0.9)
Ethanolamine 1.83 (0.3) 1.88 (0.2) 2.59 (0.1) 2.13 (0.1) 2.30 (0.1)
Glutamic acid 117.17 (18.7) 169.96 (19.2) 311.71 (16.4) 313.43 (18.7) 287.39 (16.6)
Glycine 13.46 (2.1) 18.38 (2.1) 58.15 (3.1) 50.48 (3.0) 5492 (3.2)
Histidine 8.65 (1.4) 13.09 (1.5) 42.50 (2.2) 33.60 (2.0) 35.85 (2.1)
Hydroxylysine - - - - -
Hydroxyproline - - - 0.58 (0.0) -
Isoleucine 35.04 (5.6) 49.65 (5.6) 101.15 (5.3) 85.23 (5.1) 922 (5.3)
Leucine 66.48 (10.6) 89.91 (10.1) 167.46 (8.8) 143.36 (8.6) 148.57 (8.6)
Lysine 54.34 (8.7) 78.47 (8.9) 146.81 (7.7) 126.23 (7.5) 121.55 (7.0)
Methionine 11.88 (1.9) 21.28 (2.4) 29.01 (1.5) 24.7 (1.5) 28.12 (1.6)
1-Methylhistidine - - - - -
3-Methylhistidine - - - - -
Ornithine 33.29 (5.3) 3734 (42) 20.58 (1.1) 48.01 (2.9) 23.06 (1.3)
Phenylalanine 52.04 (8.3) 68.31 (7.7) 121.25 (6.4) 103.6 (6.2) 108.42 (6.3)
Phosphoethanolamine - - - - -
Phosphoserine 5.78 (0.9) 5.90 (0.7) - 10.64 (0.6) -
Proline 8.34 (1.3) 20.36 (2.3) 60.89 (3.2) 56.23 (3.4) 53.38 (3.1)
Sarcosine - - - - -
Serine 29.43 (4.7) 39.97 (4.5) 104.45 (5.5) 90.30 (5.4) 96.13 (5.5)
Taurine - - - - -

Threonine 19.94 (3.2) 28.99 (3.3) 79.83 (4.2) 65.06 (3.9) 70.85 (4.1)
Typtophan - - - - -
Tyrosine 5.11 (0.8) 5.45 (0.6) 80.43 (4.2) 33.29 (2.0) 79.61 (4.6)
Urea - - 36.24 (1.9) 49.83 (3.0) 3595 (2.1)
Valine 3547 (5.7) 49.10 (5.5) 100.36 (5.3) 84.51 (5.0) 91.32 (5.3)
Total 627.12 885.97 1899.01 1675.03 1733.07

FRVSB means fermented-Rhus verniciflua stem bark.
"The numbers in parentheses are the percentages of the total free amino acid.

(Kim and Rhee, 1993) % 324 7|4 k(acetic, butyric,
propionic, 3-methyl butanoic acid)(Shukla et al., 2010)

o] gFol w7 dehde A= AEIY. B3] A

fr & B

Wy 9 2o wet vy
HAA o= Baciilus 3

B REE T Aol7h 9o

Zibo] 2 S8t 9l
Ao 2 HIET QO (Nam et al., 2012), R A2

homo W& 7gS AXHA glucoseE lactic acidZ H3}
AASF3L(Hofvendahl and Hagerda, 2000), B. subtilis<
el AZ2E F38l  lactates
Kim, 2000). /3% lactic acide
842 (Kim and Lee, 2003) #H7k=a Qlth. o]l

acetic acide= 3ol EZA8ta ot Ty

A=}
g

238t (Kim, 1998;
HAFo] Alupol] FQ3)
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Table 5. Organic acid contents of FRVSB extract supplemented doenjang

Organic acid concentration (mg/100 g)

Compounds

0% 0.7% 2.0% 5.0% 10.0%
Oxalic nd nd nd nd nd
Citric nd nd nd nd nd
Tartaric nd nd nd nd nd
Malic nd nd 16.5+£3.5 4.1+£5.8 28.8+4
Succinic nd 4.1+5.8 5.5£7.8 nd nd
Fumaric nd nd nd nd nd
Lactic 611.9+65.8 668.3+67.2 681.3+67.4 698.8+69.3 512.9+50.8
Formic nd nd nd nd nd
Acetic 75.7+£8.9 82.14+3.1 44.6+19.6 68.8+14.6 86.7+4.4
Pyroglutamic 95.0+£3.9 99.6£1.9 130.0+£10.7 102.6+0.9 106.3+£3.2
Total 782.6+53.0 854.1£78.0 877.9+24.2 874.3£78.9 734.7£39.2

FRVSB means fermented-Rhus verniciflua stem bark.
nd means not detected.
Values represent means of three replications+standard deviations.

homo® ZArFoIU Bacillus 9 ZEo2 WASH=
Aoz d#x YtH(Shin et al., 1996). Succinic acid
= GFEEII B WEA R oJsiA A,
pyroglutamic acide glutamic acid®] IF-7} v]g4Z o
2 W3k Blo® oAl gro] glth(Yoshizawa er al.,
2004).

WEL FE2E H7F B lactic acid T tlETH
o} v E =3, 0.7%9F 2.0% H7RIA succinic acid
7t AZHE ZoR nFo] H8 2 FEES A H &
5o thatel] A FEFS PFHE ZoE FAHM, ¥R
£ FEE F7M 12 9% T pyroglutamic acid T
= =2 glutamic acid A3/3¢l WE(Table 4) H3SI=

o] AN E-S Table 60 LHE}
WIS pH 5.58-6.06, %
56.8-59.2%, XA 6.1-7.6%, SE 12.6-142%, 9%
15.2-16.3%, ZHA4t= 8.73-10.75 mL, ofv]icaby A
403.1-611.1 mg%= thZ- pH 5.17, & 56.6%, ZA%

R

2

o

o

e

il
= Py
o N

&

L0 it

73%, B& 12.7%, % 14.0% HAANE 9.57 mL, o}v]
A A4 3154 mg%ell vlske] pH, 2, 3%, 9=,
ou|ie b HA ghgo] Srlshe ZAo®E Uehyth ¥4
o] gh] A= FQ AREL 2FS A9k fElof
vk, f714F, o Ag AR AEe gy 3
o] Ith(Yang ef al., 1992; Kim and Lee 2003). 3], o}
v Aae BEAE SAEE dolEe AR
A2 AEFFANME 7EdE] AHAEHA oY T
EEAAEY ABAE AFTANAQS, 2012)00= 300.0
mg% ©1’F o2 43kl Ut

FEE A7F B9 olnAbg Hie] Fge FE
A7 ko] 0.7, 2.0, 5.0, 10.0%(w/v)E Z7F8Hol| wleh
Ztol] wlsked Zkz; 27.8%, 62.2%, 85.0%, 93.8% 4
sttt obu| A AT FUte T
7} F-37kEel vigte] EEidtie RS oushe A
Ha 7|7k Fete] frEotu| k] F7K(Table 1)9F 4]
frejolu) At 57 H(Table 4)¢F #&o] Ut} pH W3}
o 9o wae A e pH/F thh EA vebd=dl
frelobr) At F7tel mE /d<5(Yoshizawa et al., 2004)
o2 ydEnh, FRdae o] pHde Aikte] S4

&
o
<
3|

1

o
=]
RN
o]
h=

Table 6. Physicochemical properties of FRVSB extract supple-mented doenjang

FRVSB extract Moisture Salt TA AN Crude fat Ash
Conc. pH (%) (%) (mL) (mg%) (%) (%)
0% 5.17 56.57 13.95 9.57 315.42 7.25 12.68
0.7% 5.92 56.76 15.20 8.73 403.15 7.60 12.56
2.0% 5.68 59.03 16.60 10.42 511.32 7.45 13.80
5.0% 5.58 57.81 15.25 10.75 583.38 7.09 13.00
10.0% 6.06 59.28 16.35 9.33 611.10 6.07 14.15

FRVSB means fermented-Rhus verniciflua stem bark.
TA: titratable acidity (0.1N NaOH); AN: amino type nitrogen.
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S AAAIA F-ol| A &S JFFS A £ e, A
HhA|=2] & 2}ol7} Q13(Table 2) lactic acid $Fgo
2R =4 Uebd 202 Bel(Table 5) o] A= ¥
91o] Wk Zakte] Aol & IS vAA &= A
o2 FoE. Y dre] A ofe R
745 489 Hal7t ofF] $EHA 2 dHE 2Z o]
AYste] FEF g ﬁﬂ?‘ﬂfﬂ o]Fo A Ftd whA
A7t 2l B2 ezl o3l F3o] o]Fof
7] W Aoz vkEh Tk, EgFe] Sk
gL FEE0 UNES AXES |Foz AW
1.69%, T2 10.21%, 3% 15.80%=(Choi ef al., 2012b)
e = SakshE 242t 0.10%, 0.58%, 0.90%°1 £}
a17] wjiol LE —%%%OH THRE 2R frdel I
A2 WstHth= B0 Ax37PF 835 Ule=
Hol Xt} A= l 7t e 714k Skeh Ao

UO™ (Table 5) A Wspt 22 A wag
FEEL lipase?] B4E T7MZIA %oK(Choi et al.,
2012a) Foll e Ae] Esflol] 718A] £al7] T
o2 F4Hrt.

9] AFAEEHE @Az o] dEE FE=
A7k Bgade] g484S A o
Ao 2N AFAR/IHE FEAD £ US A

ELEE=Y

—

g 424
HA7HE(0.7%, 2.0%, 5.0%, 10 0%, w/v)«l AT = F
Fou| it Sk 2188.3, 4634.7, 2982.7, 5070.6 mg/
100 mLE thzs Boh 747F 1.3, 2.8, 1.8, 3.1 =7 o
Bttt deE el @948 nAE BExe dikie
0.3-12.0 x 10°, =3°] 3.0-21.0 x 10*, L% 1.0-2.0 x 10°,
g EAZ, B cereus 3.0-25.0 x 10’ cfu/go 82 F55
A7t eJaiA] dutAllat 3ol A7) 1 log cycle
He el wetls ¥ & wshes EEA] i
2 FEE F7M oJeiA skim milk 3 E4H2 13.8-
26.0%, starch #3184L 16.1-35.1%, acidic protease2]
FAde 1.8-2.540, 1.9, a-amylase] TATA]L 6.4-7.08)
Z71E9h WES FEEo WIE B F felop)
Ak RS 742} 855.97, 1899.01, 1675.03, 1733.07 mg%
2 FZE Aol sl 1.4-3.08] A<53}99.21, alanine,
arginine, aspartic acid, citrulline, glutamic acid, glycine,
histidine, isoleucine, leucine, lysine, phenylalanine,
proline, serine, threonine, tyrosine, valine 5°] 2 2]
opu|i=bol AT}, f714k lactic, acetic, pyroglutamlc

acidZ} 8 f714bolditk. AWk ES pH, 8, 3|&,

oft

G, oblie
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