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Development of Ready-to-use Starters for the Production of doenjang
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In Korea, traditional doenjang is manufactured using the conventional method at home and by small-scale
enterprises. Because this age-old process depends on natural inoculation of various microorganisms, it is
difficult to reproduce or maintain consistency in the final product quality across batches. Moreover, doen-
jang occasionally prepared by this method raises safety concerns related to aflatoxin, biogenic amine, and
Bacillus cereus contamination. To develop starters that can be conveniently used at home or in small
industry settings for the manufacturing of safe and flavor-improved doenjang, autochthonous microbe
starters were developed in dried forms as ready-to-use starters. Each starter powder prepared by heat- or
freeze-drying methods remained stable even after 24-week storage. These ready- to-use starter powders
were successfully applied to lab-scale fermentation for the production of safe and flavor-improved doen-
jang. We believe that these ready-to-use starter powders will benefit small-scale enterprises in the manu-

facturing of doenjang of good reproducible quality.
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Aspergillus, Rhizopus, Mucor, == Penicillium
9 Bacillus & M+t 5 thFst o] Eo] 2H8-3hrh8-
FE 2aEA oA HARES AX AT EF
Hed 2 WEA ikt 2 82 5ol 93t F7pA e @
a7k dojdth. AFAFY S5k RS T 9 ot
715782 ol et et nAEY WA 7]QFt Aol &
k. 18y, AF3EEL Har|t F ngESY Ao
7t g7 2ol FF 5%l 54, voleAY ofdl
(biogenic amine) ¥ AZEA|#2 Ba CLllus cereus 29 =
SRR BAZE AT ek B, ARRRE AHHo R
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ojggol W= QUh[5]. wetA, Al AFAAU 7t
A MR ST 5 At B £ Aol TR
A EEF Y Bacillus sp, RAEE A4, =53 2
E9o), K2 £2 5ol Adsislol 4ERAAZ Au
IStk @7 AAEEE AT T2 ol AEEHAA
g 7Pgol GARRAAIA BolalA) A8 4+ A= @
B9 “b}2 AR £ (ready-to-use starter)’2 7J¥tE o] 3l
A g Aole}, B d7Ae Ao s AEBY)
FUE AEST B LS A3l v € ARolA £T

n|MEZEE A oryzae, Bacillus subtilis, Tetragenococcus

)

Fo rat o oo oX & A M

halophilus ¥ Zygosaccharomyces rouxii 52 42 7|t
531 0|53 o143 A8 3 pilot plant) $E] B AT
& 9T TE 3E AL o AoH13), B ATFNE A

B3 220N A3Y TR BUYH ) B2 AL 5
o2 pgsha o|& o] AT S5 Ful9 Y

HAre] PV5 S AR,
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Table 1. Viability of A. oryzae grown on each substrate.
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Tt FEHE ] s AP ALl A
T2 AFESE T Aspergillus oryzae MJS14
EHE BT F30|2 FFol5aF AR
dFEA[14], E¥rEA wgS A= potato
dextrose agar (PDA) (Acumedia, Neogen, USA) X &
ARESHATH WS 9 B A FUHE 9 2349 A
oryzae 4 EX4& Y& A= Dichloran Rose Bengal
Chloramphenicol (DRBC) (Acumedia) B} A| & A}-&-3} % T}
Bacillus subtilis D119C= AEHA0 2 HE Hajg F3
2A[15] @A 4 HE Eaiso] w1 otu| Al g
A B4 Ho] Yo Bacillus cereus A 50 =& #4F=2
[13] nutrient agar (NA) (Acumedia) B} Ao st &
Abdt £l Tetragenococcus halophilus TBDE22 E3F F
Aoz HE B #5328, 16], 3% NaCl#} 0.1% biotin
3+9.3 MRS broth (Acumedia) B A o] wjFstct 94
Zygosaccharomyces rouxii SMY045+= &I Ao =
I BES PASHA P AR[13]2 10% NaClEx Xt
YPD (1% yeast extract, 2% peptone, 2% glucose)®l HJ %
shsiet.

o o

offt off
i)

fr > e o
N

82 rlo o]N for

Az Y Az

7t T A% EUFHE NSl 70 T2 9
3 A. oryzae MJS14Z 1 x 10% spore/g %202 F, & 4
Halo] JF 3 29 52t 30ToA wiFet & 80T oA 24
A7 & € AXSAY -80TOAA T2 T 3Yt 524
23 F A7 o]& EUISHGTHTable 1). ZF A|&29] X
Z}= hemocytomerE o] &3to] A3t} Bacillus AZ
2L 984 B. subtilis D119CE 1 x 10” CFU/g £& 2
2 Fo HAF F 197 30Tl A viF F 80Tl A 244]2F

Table 2. Viability of a dried Bacillus starter powder.

Drying method log CFU/g Viability (%)
Before drying 8.48 +0.03% -

Heat drying 847 +0.02* 99.9
Freeze drying 9.90 + 0.03° 116.7

The values with different letters indicate significant differences
(p < 0.05).

Substrate Before drying Heat-drying Freeze-drying
log spore/g log CFU/g Viability (%) log CFU/g Viability (%)
Soybean 8.05 + 0.08° 7.94 + 0.04° 98.6 6.34 + 0.04° 78.5
Rice 6.76 + 0.40° 6.92 +0.117 102 461 +002° 68.2
Barley 7.08 + 0.05% 7.02 +0.03? 99.2 551+ 0.12° 77.8

The values with different letters indicate significant differences (p < 0.05).
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Table 3. Viability of T. halophilus after the freeze-drying pro-
cess with different cryoprotectants.

Cryoprotectant log CFU/g Viability (%)
Before drying 7.67 £0.17° -
No cryoprotectant 712+023° 2993
Cryoprotectant 1 (5% trehalose, 5%  7.17 + 0.1° 30.98
mannitol, 5% maltodextrin)
Cryoprotectant 2 (10% dextrin, 10% 7.44 £ 047%  82.92
sorbitol, 20% sodium glutamate)
Cryoprotectant 3 (1% proline) 7.04+£0.14° 2302

The values with different letters indicate significant differences
(p < 0.05).

Table 4. Viability of Z. rouxii after the freeze-drying process
with different cryoprotectants.

Cryoprotectant log CFU/g Viability (%)
Before drying 7.49 +0.14° -
No cryoprotectant ND" 0
S20 (20% sucrose) 6.57 + 0.01° 12.04
S30 (30% sucrose) 6.58 £ 0.01° 12.25
MD (10% maltodextrin) ND 0
Lac (10% lactose) 6.46 + 0.16° 9.46

ND'; Countable colony was not detected.
The values with different letters indicate significant differences
(p < 0.05).

& d Az % 80T T2 73Ut FEAX

A71E ol BuakstAthTable 2). f4H2 $24
halophilus 7BDE22—- MRS (3% NaCl, 0.1% biotin 3}-8)
iAol HE F 37ColA 3UZ Wit AR Ftl Z
rouxii SMY045+= YPD(10% NaCl &-)ol HZ & 30T
A 347t v &, Z-7F 30 m19) HiFY-S 2,000 xg, 10&7H
AYEST 4FAL AAstG 348 F2o 30 mid
EANSAE W7} T EAARGEOY AHLEH EHETA
= 7}7} Table 3, 49} ek A1, GALR, GRS AsE 3

=

WA S o] § WYL ALt BE FRS AL, 4T
W .20Co) A 245 B AIHUA A& 4FHE T *g
282 2R5G0M 47 I FHEE 4F BB A

2 275tel PPAS FrhseTh

Bl g F7L o14¥ U4 43
B4 WAL 7|2 YD AFEH TR ket T
F sk 234 A o FUE £ AR AYsta
81 WA Abz Bebaz 9 wo]AS ol g3te] AHA 4
Foz WYSHATE. TG00 9 Bol 1642 BX AAT F
12104 8% B9 34 stch 3248 $ 80 g9 A
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oryzae 24 B (2 x 107 spore/g)xt 0.3 g9 B. subtilis &
7+ EZ(1 x 10° CFU/g)& &3t ¥ 29 5k 30°Cof ik
sto] FUMFE Az FEHF HE AT MU
H4AB), ALY U T halophilus 3 £ A7 9%
(ABT), YA D Z. rouxii T<t = 7} F7HABZ), 1Y
4 9 T halophilus® Z. rouxii ¥+ &% F7F 9%
(ABTZ) 5 % 4579 %2 Az dad Fdv=
£ o7 ¥ 62g9 AYE= H7tsto] 2T 50% 2 A
& 11%7F A & & AR e} 5.6 g9 T. halophilus
Z3 21 x 10° CFU/g) Y/EE 3.8 g9 Z. rouxii 2o &
ﬂga x 10° CFU/g)& @7}6} B 43 52k 30CA o R
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W2 AHg 57 UE D49 B4 24

HEE ALE TS o] 8 Az Y bacilli, #F°| 4
229 21 ko] AEHAS o] §tol 30TAA 244
2 5o o = 4 Aol 93] BUE SHTHs, 16].
AR F-2 hemocytometerE ©]-§3to] H% 34 T A H
Ashsict

HEE ARE S92 o8 A2d I8y A3 935y
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th13].

Protease ¥ amylase 84 E4& Kum 59 o] oz}
S8 ATHT).
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gl o] E 9] p-value= student t-testE +335}o] AAEH L
™, 0.05 o]5}9] go] AEEHUS Tr—JZ’lﬁi =t
Aostgtt. I5H7F A= ANOVA £ o83t B4 35t
%31 Ducan’s multiple range testS 4~3§s}o] th3 w3}
STt p-valuew= 0.05 o|5tY W] FojF oz thartal 4 9
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Fig. 1. Stability of ready-to-use starter powders. The starter powders of A. oryzae (A), B. subtilis (B), T. halophilus (C), and Z. rouxii (D)
were stored at room temperature and at 4 C or -20 C for up to 24 weeks. Each starter was enumerated every week for the first 4 weeks
and then at every 4 weeks for the rest of the storage period using the plate-counting method. The values with different letters indicate

significant differences (p < 0.05).
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Z2o g} 69-78% AL HELS Hol= Aoz &4H
A 9 thH[18-20]. T. halophilus TBDE222] 7% =A R I A
(10% dextrin, 10% sorbitol, 20% sodium glutamate) 27}
3 5272 A 83%2) 7MY £ HERS BYrHTable ).
2 Az 3 YA7IE o8 &2} A

B A FTEEIAE A= YuHA o E Hw A
o WEL(9-12%)S BAtH21-23]. Z. rouxii SMY045%
30% sucroseS SZARTAZ AHEFLS AL 12%9) 7HF =
2 AELE HYH(Table 4). 32 AX & vjnd %2 A
ELO|YA T HH FET ACR AGEHo] FE Ax &
Bots) shof ui2 AMg B FFOo2 ARSI

U2 AN F+to] 4AA

7oy GAIEFAA A BtZ A Fde BAFLE
2-83517] A= YR 717 BEE(viability) o] A7 5
a3t Az Buol 8wz ol§ £7 448 4L, 40, U
-20CollA AsHEA AZ7|7E F AEES BrHsHAT
A. oryzae MJS14, B. subtilis D119C @ T. halophilus
7TBDE22 HI & A}g Ft-2 245 ¢ AR T AF2E0|
HAY] 91.1% oFY] =2 AEE] FAHUTH(Fig. 1A-
C). ¥t oll, Z. rouxii SMY045= AH-23} 4o A A3t 4
S AEeo] w=A FASHHAT -20T o AT Ff- 24
FATA 93.0%2] Bl A ¥ FEOE {5 rH(Fig.
1D). wehi] 2L BE 2 ARG Ft> YA OA A
93] wEty A4 oAU AHEE 5 U Aot

B2 AME 7S ol8 Az B9 54

AGA A FLHFE FAE AR F2 Fol £
72 FE5 AzxErh 2 AFAE FARE o
oryzae MJS149} B. subtilis D119C H}Z AE £
ol FLMFE A=, Alxd FEHFY
Table 52} Zrth. A. oryzae MJS149} B. subtilis D119C 4=
= Z+7h 10° 9 10° CFU/g 522 Z7}8t A th(Table 5).
NBTH 520 AWATE] Aot v mAA A oryzae &
= 9k31(108 vs 107 CFU/g), B. subtilis 4= E3F 29ttt

T &
E
E

Table 5. Characteristics of whole soybean meju fermented
with ready-to-use starter powders.

Characteristics Whole soybean meju

Number of A. oryzae (log CFU/qg) 6.46 + 0.05
Number of B. subtilis (log CFU/qg) 8.32 £ 0.09
Water contents (%) 539+ 04
Protease activity (U/g IDS) 134.89 + 38.22

480.00 + 11.64

Values represent the mean * standard deviation.

Amylase activity (U/g IDS)

http://dx.doi.org/10.4014/mbl.1903.03001

(10° vs 10° CFU/g) [13]. ¥} 2 A} Fd-& AHgal Az
FLYFoA FE A oryzae MJIS149} B. subtilis
DIIOC 55 T Folo] 42 473 Ao 7]t A
o7 QZHET SR e 53.9%2 BE vREg g4 &
o Row BAHYLY o]t §7]2 AtEerag Ag
F7] RS2 AZHrh(Table 5). Protease ¥ amylase &
AL 247+ 135 9 480 U/gIDSL 2 FAE o, protease B4
S AAFH Y AYgdFETg BN R fFo=E
amylase 42 AIF3H 29 APATET £ FE2
2 BEAEH135 vs 458 Ulg IDS for protease, 480 vs
122 Ul/g IDS for amylase) (Table 5). %2 protease ZAl
Z 2} droto] w2 A& XA 2 QIS A. oryzae D B. subtilis
o] o] NATH 2 FEuFolA Bk 2oty i
o7 FZ-Ert. Amylase 84 E3 FHY 4G 2 7]
oIt Ao Z Holth B. subtilis A FEFo] 2 7L 2
8|8 =2 amylase /42 E At7F B Hf qlok[24].
Zdu ol A E AR HEZ AR TS ©]&5] 4
79 JFE Azxstatt. ATt A7 AR (AB), AY
9 SAZ £ BY A7 AZABT), 499 @ ER %
2% A7 A EABZ), A48 ¥ AT 5 F4 5
A7t AR ABTZ)E 4537t o2t A £ Alzxd 939 F
9787} E2|3t5H4 542 ZHZt Table 63} Table 70 78
St A. oryzaed $£= BE A|Z)A 10° CFU/g ©]3}
pastgd ot nge] hE Axet 44s /= o
FoANE GAFSE Aoprp H 0 E Qth13, 25]. B. subtilis 4=
£ BE ARgA FEHF 52 fA9E, o] 2=
ANESH F2o APAFet FARE AO2 A B. subtilis
D119C= WA Ao 2 oapdaz oA BEdt= AL
2 gETH13]. 95 B. subtiliso)| A trimethylamine©| AF

MR o M oR o
S

Table 6. Number of starter strains in doenjang prepared using
ready-to-use starter powders.

Number of starter strain (log CFU/g)

Batch” — - -
A.oryzae  B.subtilis T halophilus Z. rouxii
AB <300 867+005° -
ABT <300 884+0.03 884003 -
ABZ <300 862+0.03° - 523+0.122
ABTZ <300 858+0.07° 7.04+001° 522007

"Each batch of doenjang was fermented for 4 weeks after add-
ing either salt only (batch AB); salt and T. halophilus 7BDE22
starter powder (batch ABT); salt and Z rouxii SMY045 starter
powder (batch ABZ); and salt, T. halophilus 7BDE22, and Z. rouxii
SMY045 starter powders (batch ABTZ) to whole soybean meju.
- Starter powders were not used.

The values with different letters indicate significant differences
(p < 0.05).
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Table 7. Physicochemical characteristics of doenjang prepared using ready-to-use starter powders.

Batch” oH Titra.utz.able Water contents Salinity .Amino—type Free amino acid Tota.I amino
acidity (%) (%) nitrogen (mg%) (%) acid (%)
AB 5.85 +0.012 19.6 + 1.13° 527 11.5 791.0 + 19.80° 4.46 14.53
ABT 535+ 0.01° 25.2 +£0.28° 55.0 11.0 805.0 + 9.90° 544 14.87
ABZ 5.90 + 0.01° 19.8 + 0.28° 55.0 10.5 749.0 = 9.90¢ 4.59 14.80
ABTZ 581+001° 196+ 0.57° 56.0 11.0 738.5 £ 24.75° 491 14.60

"Each doenjang was fermented with the combination of ready-to-use starter powders as described in Table 6.

Values represent the mean * standard deviation.

The values with different letters indicate significant differences (p < 0.05).

ERSEARE 285t YEAES 2= ALeR Baud )
t}26]. T. halophiluse %% (10° CFU/g)ollA ABT (1084
CFU/g) 9 ABTZ (107 CFU/g) 0.2 o|xpra 7|7 S9F A&
st ARt FA| H7HABTZ Al&) Al A8 29 A
PYAFAAAH 7ol A o] WA= AT [13]. Z. rouxii
= & A7HABZ A&2)Y T. halophilus®t A A7HABTZ
NR)F e 202 FEEHY T halophilus®] 23l A
AAFHE ge Aeg HQlth(Table 6).

HEE ALE Tt 230 2 HFAIR Y 0|3ty EAJL
FASEA L 8 T 2 9= 47 55% B 11.5%E &
2 3 go] AxHUtH(Table 7). A2 {4kt 7}
AN &9 AE7F 71 =3 pHe RS9k, o= Akt 9
e 714 Ao 71R1IskE AL R 71E AA et YA g
tH(Table 7) [27]. Bt RAbtat AR E FAlof H71gt 2
S A=7F 22 ok ol AR g% FAEY A%
ol dAH A=z Hrh HHFY &4 A& ofn| e A
2 e A7 "2 SABEAT T halophilus AHE: &
(ABT Al &)l A 27t =4 Uest = (Table 7), o]+ ©|&
W8 Al T. halophilus®l 2|3t Sl = Fepo]= Hafj7}

S
=

o AP & 5= Aot T ofv|eAt T2 AR & 2
o|F Ho|Z| FoLt fejotn]| At ko] T. halophilus
A FHABT A R)o A Hld 24 et 2a 9 4
o] o A HUZE & 5 Uh(Table 7). HHE 2] ofwf
LAk FHEfo] e AFEREGE w4 S e, &
3] glutamate o] Zikat H7F TaE BN e =7
UERg thFig. 2). Glutamate= 73 9He] oA RO 2 4
H| 2} AS o] a3k opu]ieAbo|th(2s, 29]. HIE A &
< o&sto] AzxE BFA R H5H7t A= Table 8
o Uehfgith BE ARE AR AYEFETE £ AT
T YrhE Woton, £3] A vEE AME TS AR
ABT ¥ ABTZ A|RA 2 A5=E B¢t ABT ¥
ABTZ A 5o A 9 2 oot 9 A5k fAb o] Hazt
o & &2 fFEotv|iAt 9 glutamate ol 7] 1%t
Aoz fotEn, webs BlE AR S ©0]&5to] A"
ANBo AL nBE £ 2 o|3etd B4 £4 2AE &
o o]AEE Fot AR ETHE FARFO] HE U Fug A
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Fig. 2. Composition of free amino acids in doenjang samples prepared using ready-to-use starter powders. Each free amino acid
content is expressed as a percent of each free amino acid in the total protein content of doenjang samples.
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Table 8. Sensory characteristics and consumer acceptability of doenjang prepared using ready-to-use starter powders.

Score
AB ABT ABZ ABTZ Commercial doenjang
Sensory attributes (mean intensity score)
Color 5.1 6.4° 5.6° 46 7.3°
Odor Fermented fish 2.1P 1.8° 1.8° 3.1° 1.8°
Wild edible greens 2.7° 24P 2.6° 3.1P 43°
Soy sauce 2.9° 3.0 1.9° 2.1° 14°
Barn 18 2.0 16 2.0 13
Earthy 3.8% 412 3.1b¢ 3.0 2.7¢
Taste Salty 4.8° 5.6° 4.4° 5.8 3.1¢
Sweet 3.1° 46° 3.2° 49° 3.8°
Sour 3.2 38 26 2.7 34
Bitter 3.4° 2.9° 432 2.8° 2.8°
Umami 3.9¢ 5.1° 3.8 6.12 3.4
Texture Stuffy 46° 3.1k 47° 3.4° 42°
Astringent 3.1b¢ 46 3.3b 2.6° 3.2b¢
Body feel 47° 34 47° 34 3.7°
Consumer acceptability (mean score) 2.6 32 2.2 3.0 2.1

"Each doenjang was fermented with the combination of ready-to-use starter powders as described in Table 6.

Sensory attribute values are represented as 10-point category scale (“weak” as 1 point and “strong” as 10 point). Consumer accept-
ability values are represented as 5-point category scale (“bad” as 1 point and “good” as 5 point).

The values with different letters indicate significant differences (p < 0.05, Duncan's multiple range test).

Table 9. Content of biogenic amines in doenjang prepared using ready-to-use starter powders.

Biogenic amine (ug/qg)

Batch”
TRP PHE PUT CAD HIS TYR SPD SPM Total
AB 0.13 £0.22 ND“  0.08+0.13 0.12£0.20 ND 0.08+0.13 023+040 042+0.73 1.06+0.61
ABT ND ND 0.05 £ 0.09 0.04 £ 0.08 ND 0.02+£004 0.10£0.18 0.15+0.25 0.36 +0.21
ABZ 0.13+£0.22 ND 0.08 £ 0.14 0.11 £ 0.19 ND 0.06 £0.11 026 +044 029+050 093+0.53
ABTZ ND ND 0.06 +£0.13 0.06 £0.13 ND  0.03 £0.05 0.18+030 0.20+0.35 0.53+0.30

"Each doenjang was fermented with the combination of ready-to-use starter powders as described in Table 6.

ND™: not detected.

o @714 TE 7] AR Hrh
HEE ARE St AP FFoA o] A5 F13]
S 2RE A2EW fio] Axd @4 EF I
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