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This study was conducted to evaluate the possible utility of 3 Aspergillus oryzae strains (designated as SCF-
6, SCF-37, and JJSH-1), isolated from Korean traditional fermented materials, as starter cultures in the
soybean paste industry. Doenjang (fermented soybean paste) was made with the A. oryzae strains
described above, and its quality attributes were analyzed during a 60-day aging period. No significant dif-
ferences in pH, moisture, or salt content were detected among the doenjang varieties made with the 3
Aspergillus strains. The concentration of amino-nitrogen, an indicator of doenjang aging, increased in each
sample during the aging period. After the 60-day aging period, the contents of amino-nitrogen and free
amino acid in doenjang made with SCF-6 showed the highest concentrations among the tested doenjang
products: 971.6 and 8,064.9 mg%, respectively. Measurements of the color of doenjang showed that lightness
and yellowness decreased during the aging period, but redness increased. After the 60-day aging period,
the y-aminobutyric-n-acid (GABA) concentrations in doenjang made with SCF-6 and SCF-37 were 61.3 and
53.7 mg%, respectively. In doenjang samples, aflatoxin was not detected and the concentrations of biogenic
amines (histamine and tyramine) were 2.55-5.60 mg/kg and 3.70-5.87 mg/kg, respectively. These results
indicated that A. oryzae SCF-6 isolated from traditional fermented foods could be useful as a starter culture
in the soybean paste industry.
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T 2A17F & Wj7| & Sk, 121°Col A 3087 FAEE & 4
Lo A WZA|ATE. PDA vjA| oA 7L7F wiFE Aspergillus
oryzae SCF-6, SCF-37 18|11 JJSH-1-& Z+z} W% NaCl
0.85% &0 detatgict. o] % detHS 10! spores/g &
TE Win)of| ZZ HE35}ar 32 3<57) (Jeiotech Co. Korea)
o 43 79 F A=At L& 30°CE A8 2T
AEEE 80%2 FAI5tS T

e F Al

gguFE Az Astd fFE A4 2 Adsta
121°Coll A 30&7F FAFe & Ao A YA Zth SA4E
& 2.8 kg A FAAH45 cm X 30 cmx 5 cm)ol] ©I 3}
d = FA 0.5%7F HEE vE] Alzd ZAE FF5
o] F28457](30°C, ArHEE 80%)oll A 48417+ Al =3}14]
ot A=Y Fe F20] 40°C7F GA GEE, 3-43] HF
£ A7) gt T W FFo] #AY ol F HE
£ fFEstit19].

A=

A8 Y% 129 keoll AT 2Av)F 0,98 ke A7
Shm A 118 ke 93 S3stel HF @ HEot
13£05% 123 % $7A7 5 kg HES Arstdch 21
o 24 2e Thshe] 20 L Zekad £7]0] B 50°C 3

& Fa71oH A S4eT 602 AF 44 T 159
AACR ARG Hstel okelst o] AL,

DEELRRE RS EEY
S22 A oM S 22577 (FD-120, Kett, Japan)& ol &

19 010 o342 93 Yo Fysgon, AxE
A2 10 g& 90 ml9] FHRTE Fof YA7|2 4483} g
5, A=A (TM-30D, Takemura, Japan)Z &A3}4 1L, pH
c ANE 10 g2 TFY 7= A5t A3 pH meter
(Mettler Toledo, Switzerland)2 &7 3} FH TH19]. ofu] Ak
/J A& Formol WS AHE-3ho] FuFat¢ith, 9]. €
Ao FHME =42 MALA| (Colorimeter, Model CR-300,
Minolta, Japan)E AF&3le] WL Fh), M =(a 3k, +:
A, ), ARG 3 8, + AT e sl
o] 53] WS 2SS olt) AFET EE WA I, o,
b &< 27 95.96, 0.31 E 2.440] ]t} Protease T4
Hagihara®] W[4} ¥ Fsto] S4stth &9 0.5 ml
o] 0.1 M phosphate buffer(pH 6.2) 1 ml& 7}3t th<, 7]
Z-8H(0.6% casein, pH 6.2)2 @1 37°CoA 30&7F v
A|Z T}, ¥ 0.44 M trichloroacetic acid(TCA) 2.5 ml-&
Yol Bhg-E SAA7| L A4 1027 WA e ok g4
EAA A5H 1 mlof 0.55 M Nap,CO; £ 10 mle}
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1ml9 1 N Folin & ciocalteus' reagent 42 @] 37°C
A4 3027 LAAA 660 nme X FHEE Z A5
OFO
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1 unit= 18 Z91 tyrosine 1 ugS $A|7|E & 45}
of Yetf it
Selolulist 24

frejobu|ieAbe A EFA ot ST 17]. AR
3 g& Fsto] 70% oehE 30 ml& 7Fskal 1At Bt +E
okt &, AAHEE(15,000 x g, 15 min)stHth. 45 HS

i

70% oEE 25 mlz 23] W& FE5a, FE2 S A5
Y sS4 o] #555 0.02 N HCI 20 mlof| =03t
108} 3] 43} 0.22 um syringe filter2 &I} & ofu] = A

A58 7] Hitach L-8900, Japan)] )8t} £45H¢it

oFE1EA1 Y vl e Aol 24
ol ZTEA B AE E"Z‘]‘ﬂ[9]° gg3te] =H519
th A8 25 gof] 2 LNANaCl 1g2 & 30 mlof K91 &
HeE 70 mle 7}5te] East LoH) 100 mlE H7}ste] 2
Aglsl &, oJB}Z(No 2, Whatman, Buckinghamshire,

Table 1. The operation condition of HPLC/FLD for aflatoxin
B1, B2, G1 and G2.

Prameters Conditions
Instrument Shiseido SI 2
Detector FLD (Em: 360 nm, Ex: 450 nm)
Column Shiseido UG 120 (4.6 x 250 mm, 5 um)
Temperature 40°C
Injection volume 10 pl
Flow rate 1 ml/min
Mobile phase Acetonitrile: D.W. (75:25, v/v)

Table 2. The operation condition of HPLC for biogenic amines
(HIS, TRY).

Parameters Conditions
Instrument Shiseido SI 2
Detector UV 254 nm
Column Shiseido UG 120 (4.6 X 250 mm, 5 um)
Temperature 40°C
Injection volume 10 ul
Flow rate 1 ml/min
Mobile phase A: H,0, B: Acetonitrile
Gradient A:B = 45:55, 0—-10 min

A:B = 35:65, 10—15 min
A:B = 20:80, 15—25 min
A:B = 10:90, 25—-30 min
A:B = 10:90, 30 min over
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UK)Z 973l 2 oY 10 mlo] £F5 30 mlE 7}5he] 3
Astgch FAN 20 mlE immunoaffinity column(Afla
Test™ WB, VICAM, Waters)e]] 3¢5t 29 142 A&
o &= 2 FIAFT o|F £ 10 mlE 22 wgr)—l?.i 0z
AR 2 ol dob 9k §E FABEE ol gt
AAS T INEYEY 3 mlE £EA T £E2HL A4
E AZRAN7)|1 ZRE EFSFLEXA 0.2 mlE 716}
oA 1587 Xt F 80% oFEUEZ &Y 0.8%F
Fhahe] Batal 0.45 um WE ] W 2 o Ts1o] 4=
SHAYONA AXG 2 olESEFEA FEEHS A5
i, HPLC/FLD& &&-3to] ob&et&E4l Bl, B2, G1, 12|
G2E Z+ZF B X519 tH(Table 1).
vlo] @AY ofgl AL Garcia-Garcia S[3]¢] WS AF
g3tk A& 5 gofl 0.1 N g4t 15 miE 718t & FAstat
YAEF] (4,000 x g, 4°C, 15 min) 3 T SRS Hatg
E}. ol# 3t 225 33 HHEsto] FFE F5H 0.1N F
AR 718l 2F R97F 50 mlo] =g shgich Zajgihy
EFS9T 1% FelHlcl EgooR §EAs B BE
2o @ X 22 HPLCE 24315 tH(Table 2).
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Fig. 1. Changes in pH (A), moisture contents (B), and salinity

(C) during aging of doenjang at 3°C for 60 days. O: Doenjang

made with round shaped meju inoculated with A. oryzae SCF-6,

M : Doenjang made with round shaped meju inoculated with

A. oryzae SCF-37, O : Doenjang made with round shaped meju
inoculated with A. oryzae JJSF-1, respectively.
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A=) AL I3 AT 124-13.5%2 A7 7t 2 i]-
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o= AL £4717 F &4 A g 47 *‘E‘«l 5
o] dojdt Aoz HZHY Gro Mite 34 G

o, g A BEGEE AARY 18%2 ZRHYT. o)
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otn|lAtd A4 FEFE ©AY 4 A=E U
TR 7IEoR F T o] mAZ] 5428 (protease)
S 7 Fef o] A ET30]. EREH 22 ofv] = AH
Aaes Az olA diF gade vy=, T njd=
A& ax A4 271 21 2 9S4 5ol 93f Aol
7t etue, gl 22 ARV AR HolA 2 A=
ﬁﬂ7}52“‘«}[11] 299 A=A AT AFAEF A st
T obn|iitd A A 71ES 300 mgh O3S R 13t
3 gtk B AFoA Az 270 286.7-442.1 mg%ol| A
&/dol g whet F7hste] 4 608 A o= SCF-62
ggato] A2 Dol 971.6 mg%=E ¥k o SCF-37
(954.3 mg%) 12 1 JISF-1(773.8 mg%) &2 & UEhgo
U 45U A 71 A= SCF-372 A3 99| ofu] ity A
geol SCF-69 ARt 24 FAH A obn|ieibyd A4
o FFe HE ARNAN 27|HY 2-2.78) 7+ S7H8HE
thFig. 2). ol & 242 TET AHAA HE WA=
g 9 492 HF uAE 9 eYF Az A o

2 2ol7t UEhd AO2 BREn, 53] protease 42| 2}
olef 9Jg Ao 2 BHTH(Fig. 3). B4 A2A protease &
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Fig. 2. Changes in amino-type nitrogens during the aging of
doenjang at 30°C for 60 days.
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Fig. 3. Changes in protease activity during the aging of
doenjang at 30°C for 60 days.

A8 191.6-275.7 U/go| Qo™ |2 27]9] protease &
Aol ¥& SCF-61 372 247 A2 E B2 $4 15971
A F23] 74 F 54 60U7HA AT £E2 S AT
9 v E 27]9] W2 protease E4J(191.6 Ulg)
JISF-12.2 A28 A4 &4 304714 $7F &,
FEE fASHT. 2 AFAT A ofpnliatd A F
& A FF Az Al ofn| Aty A FreFo] 377.2-
834.08 mg%°| $aL[26], T Al A7 ofm|iityd A
T2 207.6-443.6 mg%o] Ytk B a[29]0] Hlsf B w A
=3on, opul by Aaghako] B &4 7]3to] A

ol whet A% S7HaeHe AR SARSIEHLL)

Seloul A g v

A oryzae @0 whek AZT B GelofulwAl G
A= Table 30| et Slct. ofv|ledl 445, BE A
FJA] glutamic acid > arginine > leucine > histidine =2
2 yepge). ol s du) 2AE ol gd ¥ B
felobuliabe 24 AT AH00 FAT e, e
UL Do 54 DL Sol)eat 2R AF A7
A o whah i 2ol & 4= Q1AL glutamic acid, tyrosine,
lysine aspartic aicd 5°] v & o] AEHtt= B3
[1312h= Aol7} olet., iHH o2 Hel %S fjotnli
Aol o3 #eHY, G5 dE, £4 25, 54 7|7 ¢
2} z}o]7} & 4= Ql3L, aspartic acid, cystine, glutamic acid
L oHe) 2oe 0e i Ao R AH 20, leucine
3} isoleucine & Htoll F3gFE & 4 i LHFTH24].
Sgofu] At & FEFS SCF-6, SCF-379F JJSF-1& 247t
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Table 3. Contents of free amino acids in doenjang after aging
of 60 days.

Content in sample (mg%)

Amino acids

SCF-6 SCF-37 JISF-1
Phospho ethanol amine 190.5 169.5 386
Aspartic acid 567.5 631.2 493.2
Threonine 315.7 246.8 179.2
Serine 462.6 419.0 3388
Glutamic acid 1169.2 933.1 826.4
a-Amino adipic acid 190.2 158.8 173.1
Glycine 418.8 5404 315.0
Alanine 455.9 473.8 364.0
Citrulline 30.8 0.0 0.0
a-Amino-n-butyric acid 12.0 126 13.7
Valine 463.5 460.7 416.4
Cystine 21.1 29.5 445
Methionine 114.7 1389 150.7
Isoleucine 8.0 13.7 144
Leucine 770.0 723.8 738.0
Tyrosine 164.2 1719 173.0
Phenylalanine 463.7 449.5 466.6
B-Alanine 2454 135.8 116.0
B-Amino iso bytyric acid 355 115.7 110.2
Y-Amino-n-butyric acid 61.3 537 0.0
Ethanol amine 11.6 13 10.3
Ornithine 4.0 2.8 5.1
Lysine 1.2 645.9 0.9
1-Methylhistidine 604.5 0.0 587.4
Histidine 132.8 126.6 1144
3-Methylhistidine 0.0 0.0 0.0
Arginine 774.3 769.6 786.0
Proline 381.9 346.9 219.0
Total 80649  7,7445  6,693.9

8,064.9, 7,744.5 12|31 6,693.9 mg% SAE ], Tl
2llas g7t w28 footv it Fgol =4 Ue
et o] 23t A= A oryzae @ Saccharomyces cerevisiaes
o]-gste] A3 & B9 FEjotu|iAt T FEFQI 3455.9-
4047.0 mg%[20]Rch oF 28] A= =& Ao F eyt &
g Aol A AT AE BFY felopn| it 707.4-
4403.5 mg% HARoH, A5G H Fotn| At F
291 2908.9 mg%[24] R THE WL §|otu|Ato] FHe-E] o]
A= Ao s Yepgth

Y-Amino-n-butyric acid(GABA)= A& ZFof g EX3}
I glom QAN FFAAA HEE4E A5, EY
A4594), % cholesterol X FA A4 o7, ¥ o] F
MNA & B2 A aa7t GA JFE UEE AHEH

¢
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Table 4. Changes of hunter color in doenjang during aging of 60 days.

Aging time (days)

Samples Hunter
0 15 30 45 60
L 38.2+0.229 34.0+0.61 29.5+0.2 30.2+0.18 29.3+0.39
SCF-6 a 5.3+0.23 6.91+0.6 6.0 +£0.09 6.81+0.04 6.0+ 0.04
b 6.6 £ 0.04 531035 24+0.05 24+0.04 0.2+0.14
L 36.8+0.07 36.9+0.13 31.3+0.38 30.5+0.15 30.1+£0.03
SCF-37 a 5.1+0.09 5.6+0.09 7510.16 6.51+0.33 6.1+0.06
b 6.7+0.28 49+0.15 43+0.17 2.0+0.08 0.0*0.1
L 41.6+0.36 37.1+£044 34.7+0.32 33.8+0.17 32.8+0.21
JJSF-1 a 59+0.11 6.6+ 0.1 7.8£0.06 84+0.22 7.71£0.14
b 8.8+0.16 7.0%0.27 6.1+0.1 55+0.20 2.2+0.38
Jmean+S.D

I 9lth22, 25]. 54 60¥A GABA g2 SCF-63} 379
A Ztzt 61.33 53.7 mg%2 ZAE W JISF-10] K= &
AEH . SCF-63 37914 54 H GABAY| §F2 Jo &5
[7]o] Bagh 19 %4 B39 GABA §F 43.8 mg%ol| H|
3 tha EL SFo|T 25 BFSA Bt GABA ¥
F#4 9 GABA &FE FA 24 i A7t D&t
A5k, A. oryzae SCF-62} 37& -85t GABA 30| =2
7154 =] Auro] 7453 Aoz AmETh

%9
Az

2l

A = w3}

Ag B4 Mzl L), a G@HAE), b &%)
9] ¥igl= Table 49t At} HE ARNA 8% &4 ET &
¢ HEE Fash HE 4 AR YEE 20.3-32.8
FEOE YEIRIL, JISF-1 A& 9 H=7t 9ken SCF-6
A F2 J=g et a g2 54717 F<F S71st
god, HF A AEY a 2 6.0-7.7 222 UEY
oh A= s4o] XPstHA Fastch B FHE
= @ Esas gt AHAAT e HolF Q)
=d @d Bajas Ut 528 B T HS
ol o = Udth. olet Al AR as 2o
2 AQE feotu| Aty AAE f-2lFe] aminocarbonyl ¥
29 23| melanoiding FA5HA o, Do M2 o]y
melanoidin®] 2|3t Ao 2 LdHF T HA AR Mz
T 7oA Alzd ASER29], FadS S83 A
Al B Ax[24] AoET FE SE0E BT

ofl ox rob

olEe}E4] W ulo| @AY ofyl §F A}

A A5 B3 2 Ao A dAFA R AMEE A
oryzae TF= OFETEAL AR Y= A 2
Fot21], B¢ HF 181 932 Agd
& AZTOR B OD A oryzacsh §AH}

=

o=
FUAH &
st of&e}

Table 5. Contents of aflatoxin and biogenic amines (HIS, TRY)
in doenjang after aging of 60 days.

Total aflatoxin Biogenic amine (mg/kg)

Samples

(g/kg) Histamine Tyramine
SCF-6 0 484+1.53 5.331£0.51
SCF-37 0 5.6010.61 3.70£042
JIJSH-1 0 2551232 5.87£0.96

EAS YA 4 U= A flavus B= A. parasiticus 59
307t 7] FoE AupEo| Az By Fof FAAE ¢
27F th20]. B B 4 B Foll vB=Y FE
oJ3]| wpol oA ofylo] WAYE = glof ofZetE Al Hio
QA oflE AxH HHY 4o Fa3 aglol € £
UTH18]. Lee (181 W 5 LYAAE F Hio|2AY
otyl e #A4% A, AR AE F EHY B¢
histamine} tyramine?] gaFo] thE Hio]| 2 AY oyl B
g AdAer A ST Hustgh /40 2
AL gare 2 olZaEAIT} vlo]| @AY ofdl 2 histamine
3t tyramine®] FFE A £A43% A, BE A ROA of
Z@EAL EAZE =97, histamine 35S 2.55-5.60 mg/
kg 18] tyramined 3.70-5.87 mg/kgS Z A E 9t
(Table 5). 30| ZA & &3t Axg -2 vy 7
Rt AN A2EHJSS HojFe 2ot AlzET
gt o g A FA F2 HEEH= HolAY oWl
histamine®} tyramine £
tyrptamine, agmatine 5°] tJEZ 0|22 A|ZEH HA A
o|2|gt Ho] @AY oyl FreF FA EJF I e siri18].

putrescine, cadaverine,

2 o
=] A5Ha A& 0 2 HE] protease BA0] =2 Aspergillus
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oryzae SCF-6, SCF-37, Z12]1 JJSF-1 #55 AWste] =
A& 47 Azt 6047t wAdstEA FHS vl Brtst
At 60 =4 T 7 G 9 pHE AR 7Ho 2 Ao
7F ik Y] 4R R7F He ofulieAld Ao T
< =4 Al ek S5t 60 <4 ¥ SCF-62 &8
3lo] A z3 ©A4o] 971.6 mg%E THE X RET EghoH, &
gopu| Al = A Aoz £ 8,064.9 mghol Rt
SCF-63} 372 A|2e B4 604 4 F GABA §o] 2z
7} 6133} 53.7 mg%2 ZHH Uk AEL 44 A3to] o
o Eo FAEL AR A4 vY AAEE X 27}
stk ol BB AL BE T4 BAE HAL, vlole
AY oldl % histamine $F2 2.55-5.60 mg/kg 12|11
tyramine< 3.70-5.87 mg/kgl 2 wj-$ WA AU &
AR A oryzae SCF-62 7 A2 FHOE AT A
o= woH.
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