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Abstract

In order to improve the quality of ‘Doenjang’, the effects of turmeric on its enzyme activity, microbial and
physicochemical properties were investigated over a 12 week fermentation period. As the ratio of turmeric was
increased, the numbers of yeast and anaerobic bacteria in the ‘Doenjang’ during fermentation decreased; its a-amylase
and acidic protease activity also decreased in the later stage of fermentation. The addition of turmeric gradually
decreased the Hunter L-value, while it increased the b-value (p<0.05); however, the total color difference was low.
The pH of the ‘Doenjang’ decreased slightly during fermentation, and increasing the turmeric concentration resulted
in lower titratable acidity. The acid values (p<(0.05) and oxidation-reduction potential of ‘Doenjang’ gradually decreased
with the addition of turmeric during fermentation. The Aw value was high in the group with high concentrations
of added turmeric. The reducing sugar content increased until 4 - 6 weeks of fermentation, and was lowered with
the addition of turmeric. The alcohol content was high in groups with high concentrations of added turmeric. As
the ratio of turmeric was increased, the amount of amino-type nitrogen in the ‘Doenjang’ became high in the later
stage of fermentation, while the amount of ammonia-type nitrogen was low.
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sp7F Rl o] 517|(Park 5, 2000) Wl A A=A
=1 koji®l YH-E Bacillus% 2} MonascusZs kojis &3
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Table 1. Mixing ratio of raw materials for preparation of ‘Doenjang’ (Unit: %)
‘Doenjang’ Raw material

with turmeric” Soybean Wheat koji Turmeric Ethanol NaCl Water
Control 27.0 17.0 0 2.0 9.5 44.5

T-0.5 27.0 16.5 0.5 2.0 9.5 445

T-1 27.0 16.0 1.0 2.0 9.5 445

T2 27.0 15.0 2.0 2.0 9.5 4.5

T-3 27.0 14.0 3.0 2.0 9.5 445

YDoenjang added with different concentrations of turmeric.
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2, A== A2}A (Chromameter CR-200, Minolta, Osaka,
Japan)Z =% 3}o] Hunter scaleo] 2]3] L(lightness), a
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—b)1"? ez FASA AHskE A 9 (oxidation-
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32 DNSHMiller, 1959)0.2 7 #F&to] glucose 2HuM)L-
2 mAE Y. dd FalE 2 Ansone] WHH(Anson,
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dho g FrHste] SHste] D7 1 gollA] 30+l A=
1 uM9] tyrosine = 1 wnit= HEPATH BE S 3k

Table 2. Changes in viable cell counts of microorganism of ‘Doenjang’ during fermentation

33] W =431 21, SPSS/PC package 23.0(SPSS Inc.,
Chicago, IL, USA)S ©o]-&-38to] F4HEA]S 3la1, Duncan’s
multiple range testol] ]38} p<0.05 F=FolA BA 2]kt
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esters} ¥]o] 7T 71 AL A UAE o]
e o 7k g o R FFo] Foj o2 U]
57] %= AHMok 5, 2005). ©]21 3 WAl = o g
A7I= AA g @] 2y F o]t ge] dele] e
aRel FAS geFow 2HY IS Ao AlRY
Aok 2 AAE B4 8- 125 R
10° CFU/g 7<eelaL, AR vhs 5 FaEde] 7=
10° CFU/gS. 2 A 3}E| A Hal(Lee9} Kim, 2012)°1] H] S}
o gk guEde B ol 8 Al
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ol > ol I~
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(Unit: log CFU/g)

Fermentation time ‘Doenjang’ )

(weeks) Control T-0.5 T-1 T2 T3
0 430+0.21? 4324027 4.33+0.36 4.33+0.30 4.30+0.28
4 6.17+0.16" 6.19+0.18" 6.18+0.20° 5.98+0.16° 5.6140.18°
et 8 6.37+0.34° 5.80+£0.27° 5.65+0.29° 5.59+0.25° 5.54+0.26"
12 6.05+0.42 5.77+0.41 5.60+0.35 5.57+0.38 5.35+0.35
0 7.94+0.37 7.90+0.31 7.79+0.36 7.7740.25 7.73+0.21
Acrobic 4 7.89+0.29 7.86+0.36 7.71£0.32 7.46+0.27 7.4140.08
bacteria 8 8.03£0.44° 8.0240.35" 7.89£0.47 7.51£0.35% 7.1620.45"
12 7.58+0.46 7.3240.41 7.2840.43 7.1740.29 7.10£0.44
0 7.32+0.55 7.36+0.42 7.38+0.31 7.24+0.30 7.20£0.19
Anaerobic 4 6.71+0.53 6.72+0.41 6.51+0.39 6.28+0.41 6.11+0.40
bacteria 8 7.12£0.41° 6.84+0.46™ 6.28+0.39" 6.110.48° 6.01£0.47°
12 6.75+0.28" 6.63£0.26° 6.11+0.42° 5.81+0.46° 5.78+0.30°

See the preparation of ‘Doenjang’ in Table 1.

Values are mean+SD (n=3).

Means with different letters in the same row are significantly different by Duncan's multiple range test (p<0.05).
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e L8 Fo faske Addko|en, e Hrtss
7F w2 ATl d71 Aldgs 2R 710 g2t
o Hlate] f-o]A 0 7(p<0.05) FAaE o] T4 Aol
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Lim¥} Song(2010)°] ¥.318F v} Stk &HA, Mok 5(2005)
A2 Aol AlsE 10° CFU/g, E25E 10° CFU/g
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Table 3. Changes in amylase activity of ‘Doenjang’ during fermentation

e 2719 B4 2L oA o2 Bt=H|(p<0.05),

|= 78] Mg S7HENE koid] A7PES =9
d ga 2o gEFolut E o HIle 8F7A
Fagde Ao, RFde 2 S A
o|Ah AT = 85 o] Foll= Ha DA F Abo]
7} glo] WE 7)ol = koji BTt ER Foll A5t v
=9 FFo] 2 AcE ARHUT dA R g &
de AR A @2 Table 4914 His nfe} 2ol
g5 x7]o vl AHJ proteases WE 8F, TA
protease = 4F7HA] S EE F71E o, 1O o] Foll =
ZAa3R AL, T4 protease= 12F A E 2F SIS
Z3Fol ATt Ald Tl = 4Hd protease®t 54 protease
o] 2T B5F amylase®t= @] A3 H7p]Eo] &
Al A HE A 717 B protease /g o] wEkT)
o] 74&o] Table 20014 Hi= wle} o] wbg - njAEL]
2= A5 protease A/do] R AL R AR EQ]
oh wpebx @4 BE F AN EE F ARG AT
o] Tl wet 2pel7t e ALz AFRHATHCha 7,
2017). -, A2 H Gl B4 S A EErt =
2 12 - 14% 77} 8 - 10% 7ol Bl3te] HE 27| nAE
o] Aol A= o] amylase®} protease®] /g0l PUTI
H 35k v} gIthMok &, 2005).
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(Unit: unit/g)

‘ . 1)
C Fermentation time Doenjang
omponent (weeks)
Control T-0.5 T-1 T2 T-3
0 34.47£0.21° 33.97+0.27" 31.62+0.36™ 28.72+0.30° 27.04+0.28"
4 35.87+0.16 34.53+0.19 34.16+0.20 34.40£0.16 33.72+0.18
a-Amylase
8 26.36:+0.34% 25.96+0.27° 26.960.29% 27.02+0.25 27.10£0.25"
12 32.51+0.42 30.79+0.40 30.26+0.35 29.784+0.38 28.26+0.36
0 4.26+0.12° 4.01+0.15® 3.91+0.14% 3.74+0.14% 3.65+0.10°
B Amylase 4 3.34+0.42 3.2840.51 3.14+0.70 3.07+0.65 2.91+0.71
(x1,000) 8 3.0540.15 2.91+0.12 2.92+028 2.84+0.09 2.73+0.22
12 3.03+0.18 3.10+0.37 3.13+0.15 3.3240.26 3.15+0.19

See the preparation of ‘Doenjang’ in Table 1.
Values are mean+SD (n=3).

Means with different letters in the same row are significantly different by Duncan's multiple range test (p<0.05).
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Table 4. Changes in protease activity of ‘Doenjang’ during fermentation (Unit: unit/g)
; ; ‘Doenjang’ b
Component Ferme(:ntatlli)r; time
weeks Control T-0.5 T-1 T2 T3
0 3.1740.53 3.09+0.59 3.03£0.83 2.92+0.45 2.81+0.55
Acidic 4 3.7240.32 4.03+0.52 4.25+0.49 3.86+0.51 3.62+0.52
protease 8 5.1240.48" 5.89+0.44° 4.79+0.60° 4.53+0.56" 4204038
12 4.89+0.67% 5.30+0.40° 5.2240.40° 4.63+0.45® 4.15+0.71°
0 4.58+0.55° 4.5440.74° 4.25+0.47" 3.94+0.36 3.4440.29°
Neutral 4 5.25+0.55 5.28+0.31 5.01+0.45 4.81+0.44 4.55+0.62
protease 8 4.19£0.19¢ 4.36+0.32% 4.58+£0.41% 4.75+0.52° 4.13£0.27°
12 4.84+0.81° 5.47+0.40° 5.3440.21° 4.93+0.27" 4.50+0.47°

See the preparation of ‘Doenjang’ in Table 1.
IValues are meantSD (n=3).
Means with different letters in the same row are significantly different by Duncan's multiple range test (p<0.05).

Table 5. Changes in color values of ‘Doenjang’ during fermentation

¢ : 1)
Hunter color Fermentation time Doenjang
value (weeks) Control T05 T-1 T2 T-3
0 57.28+0.79% 55.50+0.75° 54.560.84° 52.84+0.85° 49.58+0.67°
4 48.54+0.37° 47.56+0.95 46.82+1.52% 45.25+0.91° 42.7140.76°
L
8 44.5242.18 44.70£1.51° 43.86+1.09 43.02+1.42% 41.00£0.38"
12 43.66+0.91° 43.37+0.60° 42.99+0.43% 41.44+0.95 40.83+1.45¢
0 2.54+0.64° 1.28+0.55° 0.74+0.62° 0.78+0.77° 1.06+0.56°
4 3.48+1.07 1.52+1.10° 1.254+0.44° 1.91+0.51° 3.13+0.78%®
a
8 4.2140.99° 2.61+0.97° 2.49+0.66° 2.85+0.82% 3.8140.45®
12 5.53+0.68° 4.80+0.96° 3.4340.49° 3.61+£0.36% 4.63+0.34"
0 17.03£0.61° 22.36+0.44° 24.13+0.52° 24.71+£0.36* 24.83+0.56"
4 16.16+0.18¢ 20.02+0.47° 21.71+0.67° 23.01£0.41° 22.82+1.22°
b
8 16.10+0.90° 19.61+0.44° 20.57+0.61% 21.5740.45" 21.18+0.47
12 16.21+0.43° 18.6620.50° 19.45+0.39® 19.75+0.84° 19.97+0.51°

See the preparation of ‘Doenjang’ in Table 1.
Values are meantSD (n=3).
YMeans with different letters in the same row are significantly different by Duncan's multiple range test (p<0.05).

7} Asldn). Al aghe oloh=s ] UE Sol| 27 A agko] ol At M) niekAslA] gk By
Z71E ek A8 F7bol| = 7heke] Hoie]| o] Z)eks (Choi &, 2006)¢t= 2] 3] Mrte @4 28 &
= Lak2 AskE o, FAEQ] bake #7214 22 (p<0.05) ZArel gk FAA Y] Fa Yflo] ¥ &= bike] AstE
7Vt Aeelou AT aghe & Aol7} gl AAZE = AT} g Aol 7H32(0.8%)H AXH0.7%),
o]l gt 73 =XH(Jung} Roh, 2004)2] H7}=2 H Ao 71 E2H2.0%)< A7t 4043t DEAIAE AEof= A
L#k3 bgko] Stolda, EuwAlS H7ksha Lake Yol o] dgko] A I(Lim¥} Song, 2010), 7P A Az



AEdAo] M= L3kF} o, bgko] Hat zHzt 37.7, 7.5,
601 W Bal(Park &, 2000)°] H]Gte] 2 Ad H o]
o AT e o g AlgE
WA= 0] AE Zh(Table 6)& 2a 7} 218w A] H Al o]
223, FAY = HE 270 4l8ke] Ku 5(2009)
o] Bue} fAketith Al 3ol LA skA]= ARt
el A7tE M e AQnk d, fe] AN AE
A2 9 487 nmellA HAFFEE EolHJoo T,
1992b) 2t & 5ol Maillard H¥Hg-ol] 2|3+ Zwio g Wx7}
AtEo] o]FaL Alo] s A FEAJ o] oA, R
=] AAE = oxalic acid 5 F7]4t0] AWM S A5 TH
3 B 3(Kwak?} Lim, 2003) At B3t @42 712
SFA] @O0 tyrosinase2] ZH8-© F L-dihydroxy phenyl
alanine(L-DOPA)< 743l &A% ZAwNks-o] 7154
o] =%I(Kim 5, 1999), ZH L g - SAHEY 54
2 717 Fol] Lojdtla B33k vl QthKim, 1996).

pHet HAEME, MI}

A4 IE Foll nAE ot LEAET D T
7} &= pHSF A Atz e] wg 7|7t Fo] WMalE Fig 13
2t} pHe TE7F AP A 457742 = A sthE 9o,
1 o) Felle BAd S Btk Al il A3
A7 &o] 2 Al@TolA pHe o AP Es
pH7F AsHE ol whet S7ele] 450l Al =3ka 1 o] %
23t S7he Kol pH Wsle} fAlgh Zdgko] gl
wrebA] | SaAl g Hrlie]l FrhetH Atwe
S7he Ao ole g B2 Table 2914 B et

| B2 Aol et A7t
QG 71Q1ek= A2 Algdrt. o|# g A= A4
A oA dRee ket Aol Atee] S A
(Lee} Kim, 2012), 154 7 ko] S71e5 234t
=7b akskAl S48k Y Ku 5(2009)2] Baeh Ak
Atk 3 Lee$t Mok(2010)S B4e] APAEE= 2%
Tt voml vty Fof] Aakty gre] 4o &) YA

E Rk o8 vt 153 F43] S8t B
gt uk gl

(€]
64

6.2

58

z a
56 ;
—$ b _—1 p ga
54 | b ah =
a bb b
52 L —C o8
" T1 T2
5 —=T3
[ 2 1 6 3 10 12
®) Fermentation time (weeks)

Titratable acidity (0.1N NaOH ml/10g)

Fermentation time (weeks)
Fig. 1. Changes in pH and titratable acidity of ‘Doenjang’ during
fermentation.

"See the preparation of ‘Doenjang’ in Table 1. ?Values are mean+SD
(n=3). *Means with different letters above a bar are significantly
different at p<0.05.

50

Acid value (mg/g)

Fermentation time (weeks)

Fig. 2. Changes in acid values of ‘Doenjang’ during fermentation.

DSee the preparation of ‘Doenjang’ in Table 1. ?Values are mean+SD
(n=3). *Means with different letters above a bar are significantly
different at p<0.05.

Table 6. Changes in total color difference of ‘Doenjang’ during fermentation

3 : s1)
Fermentation time Doenjang
(weeks) Control T-0.5 T-1 T2 T3
4 8.87 7.39 6.90 7.31 8.38
8 10.65 9.95 10.64 10.64 942
12 13.36 12.48 12.81 12.03 10.20

USee the preparation of ‘Doenjang’ in Table 1.
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3 Alte] F2o frelek $o] Ho] 5714 Alte] S
< A Foha X a(James, 20000 B} 2lo], & A @R}
o] A% 2kl A g = HE 85 o|Folle 1A Al
2ol Eelek FEel At ol gt A ant ©Age]
735 125 &8 T ORPE -200 mV ©]/go] %) 3L(Cha
7, 2017), olgZolyt Az, viss e Dol A 85
T E o 2064 -237.5 mVe|AE Lee} Kim(2012)9] X
ol Hste] 2 AF @3] ORP= Yol ' 23
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FRIAYAWE L Fof| FEFTo| S7la
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A A8 AskE QI (Kim, 1996), A& F1tell= oA 2l
zpole AT 74& A7 A Awe EShth

A FHFS 2T Blste] ko (p<0.05), el
ol Aol Ba dFEe] Aol E AT A
¢ o Aot g, HA I Fo| ST
ZF 9kg 109 (Kim 5, 2000), 202 (Joo 5, 1992a),
(Lee 5, 2013), 105°(Lee2} Mok, 2010)ll =Skthar
g2 BuEo] koji T MidHE 5 @ 270
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e I E(Fig 3) Fd2 a5 LS 2% A7t
st ot vigh Bl A dF7} FdEo] MR Z7| =
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S7HERlAL, SV A Ew A AUt vlEo] =& Al
A E $7)e] STPEo] =2 Aot wE Fg
A 3L S dx2TEY 7FE HEdA =ot
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Table 7. Changes in oxidation-reduction potential and water activity of ‘Doenjang’ during fermentation

¢ . 51)
C Fermentation time Doenjang
omponent (weeks)
Control T-0.5 T-1 T2 T-3
0 66.0+3.85¢ 69.0:+4.83% 76.0+5.60° 76.4+4.17° 85.0+3.48°
Oxidation- b b b a a
reduction 4 73.9+4.60 75.444.74 99.9+7.82 103.549.15 105.046.62
p("fi‘f\l,’;] 8 508.7£79.39 504.9+41.65 510.7+£58.68 455.5+51.93 454.4+41.88
12 570.8+60.63 562.3+48.33 564.6+82.12 562.8+29.72 556.2+32.70
0 0.854+0.01 0.858+0.01 0.859+0.01 0.860+0.00 0.858+0.01
Water 4 0.8310.00° 0.835+0.01% 0.835+0.00® 0.840+0.00* 0.834+0.01°
activity 8 0.831+0.03 0.835+0.00 0.836+0.01 0.837+0.01 0.837+0.01
12 0.828+0.01 0.8300.01 0.829+0.00 0.83120.01 0.831+0.00

See the preparation of ‘Doenjang’ in Table 1.
Values are mean+SD (n=3).

Means with different letters in the same row are significantly different by Duncan's multiple range test (p<0.05).
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Fig. 3. Changes in reducing sugar and ethanol contents of
‘Doenjang’ during fermentation.

DSee the preparation of “Doenjang’ in Table 1. ?Values are meantSD
(n=3). *Means with different letters above a bar are significantly
different at p<0.05.

& 3to] A&t AY Cha 5(2017)2] B aobE 2ol 7}t
ATt gHA, W] dFE A2 40 TE F 026 -
342%E koji Tl Wt 2o 7t Aletittn Bad uf
A tHJoo 5, 1992a).

IR
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slo] 743k whe YR gk AU A BalEE ol

Aso] F7RE v ek e Fn7t "k opn] ik
HA A Fig 49 2ol HE ol A S8t th(Lee o}
Mok, 2010). 25 °]$o = H 524 F] EF714 (Ministry
of Agriculture & MForestry, 2007)2! 300 mg% ©]/°] =%
om, UEAL 70 TE F 376.27 - 600.91 mg%o] AT
Hil(Lee 5, 2013)H0} =2 HolQdth A1t = 743t
o] 7P &o] 718 WE 7)o opn|imabyg Aol
Z7HEo] =2 7o)k g, TawAlE T
10% Bl &= 3715 739 ol iy Aie gzt
slo] 2vf H = =S 4014 me% oAt B Bf vk
(Choi 5, 2006).

el i elA] &2 Fre Add 4 3l
o4 AL Fig 49 2ol ¥arl AP

z

08

07

05

05

04 +

03 -

0.2

Aminoe nitrogen (%)

01 +

B

100

20 r

60 |

Ammonia nitrogen (%o)

20 |

Fermentation time (weeks)

Fig. 4. Changes in amino and ammonia type nitrogen contents of
‘Doenjang’ during fermentation.

DSee the preparation of ‘Doenjang’ in Table 1. ?Values are meantSD
(n=3). *Means with different letters above a bar are significantly
different at p<0.05.
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