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Quality Characteristics of Modified Doenjang and Traditional Doenjang

Hyeonjin Jeon, Sanghoon Lee, Sangsook Kim, and Yoonsook Kim

Metabolic Disease Research Group, Korea Food Research Institute

ABSTRACT This study was conducted to investigate the relationship between quality factors and palatability of
modified Doenjang and traditional Doenjang. Fourteen types of Doenjang, including three modified Doenjang and
11 traditional Doenjang samples, were analyzed to evaluate their physicochemical and sensorial properties. There were
differences in e-tongue, which indicates overall acceptability. Water contents, minerals, total sugar contents, salt contents,
pH, titratable acidity, and free amino acids of Doenjang did not show significant differences. From the correlation
and regression analysis, palatability was closely related to the e-tongue sensor such as X; (sourness), X3 (saltiness),
and X4 (umami) to -0.772, -0.642, and 0.678, respectively. The regression equation for sensorial palatability (Y) was

Y=45.356—0.008X;,—0.010X3 with a coefficient of 0.882.

Key words: Doenjang, e-tongue, sensory evaluation, correlation
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Table 1. The information of 14 Doenjang samples used in the study
Date of .
No. Sample name Company manufacture Ingredients and content
1 Jaeraesik Doenjang CJ Cheilledang 2015.05.20 Purified water, soybean (imported), flour (wheat;

American, Australia), refined salt, Korean meju
Doenjang, Korean meju powder, alcohol, advanced meju
Doenjang, white rice, seed malt, defatted soybean meal,
flavor enhancer

2 Sunchang Savory Meju Daesang Chungjungone 2015.06.03 Doenjang (purified water; soybean, imported; meju 13%
Bean Doenjang (soybean, seed malt/Chinese); stir fried soybean flour,
soybean imported; refined salt; seed malt) 98%, alcohol

3 Baekil Doenjang Sempio - Soybean (imported), purified water, solar salt (Australia),
alcohol, seed malt
4  Traditional Doenjang Andong Jebiwon - Bean (soybean/domestic 85%), solar salt
Traditional Food
5 Mac Black Bean Koreamac. - Meju/black soybean (soybean) (domestic) 96%, solar salt
Doenjang (domestic) 4%
6  Yetmat Ddukbaegi Ddukbaegi Foods - Korean meju (domestic soybean 100%) 54%, refined salt
Jaeraesik Doenjang (domestic 100%) 11%, purified water 35%
7  Haebarang Traditional = Haebarang 2015.04.20 Soybean (domestic) 55%, table salt 13%, purified water
Korean Doenjang 32%
8  Seoil Sonmat Doenjang Seoil Farm - Meju (soybean, domestic) 66%, saline solution (domestic)
34%
9  Osaek Yaksugol Osack 2015.03.19 Meju (Korean bean 100%) 88.5%, barely corn (Korean
Doenjang 100%) 8.5%, malt, table salt
10  Sunggajung Woori Bean Samga 2015.05.29 Bean (soybean, domestic) 78%, solar salt (domestic) 12%,
Traditional Doenjang purified water 10%
11  Korean Doenjang Guibin Food - Bean (soybean, domestic) 70%, solar salt (domestic) 15%,
soy sauce 5%, purified water 10%
12 Doguri Jeju Doenjang  Doguri Farming 2015.06.02 Clean Jeju (bean 90%, solar salt 10%)
Association Corporation
13 Dweeungbark Gowl Dweeungbark Farming - Meju (soybean, domestic) 88%, solar salt (domestic) 12%
Doenjang Association Corporation
14 Wooriddang Woorikong N-Andong - Meju (soybean100%, domestic) 72%, solar salt (domestic)
Jaerae Doenjang 28%

3t} desiccatoroll A 30&7F W

= z= Korea) 8 mL9} ¥2+3}4=2~(electronic grade, Dongwoo
o}, o] @ wi7lx] e A wHEste] SEES
3t

Fine Chem) 2 mLE 7} b} HEZE FHO F4& 21

o
ol 2

PR ulol A2 ge] B i3] X (Multiwave ECO, Anton Paar,
Wim W, Graz, Austria)oﬂﬁ +=E "3 A H o 107 59 100°C
T (%)= ———%100 M LEE &Y F 283 Falskal thA] 107 5<F 180°C
W AN £EE 2Y 0L 3027 BT T AN LET
Wit A% JA19 A5 FAI(g) w3 70°C7F 2 wi7bA] skt v R W g2
Wo: 12 & A= HAAIS A5 FA(g) ol A 154 F<t A% F o5 A% EF ol 50 mL
Wo: A HA19] 8%(g) AE&EEHLAR & O THTE 50 mLE &3kl
o]& ¢]3}x] Whatman No. 41(Whatman, Maidstone, UK)

2018 2 oiste] AlPEHor ARESAT
A P89N A= AEFFTHAD A= U= micro- K, Mg, Na(AccuStandard Inc., New Haven, CT, USA)
wave digestion ¥l wel 5Ll S nfo] AR Y o] EadANE 2% Al 3AEte] 1, 5, 25, 100 mg/kg %=
a8 HEZE FHd A3 AR 1 gS A AF 2 xAst B8R ARl o ICP-AESE ICP-

H
% ZXH(electronic grade, Dongwoo Fine Chem., Seoul, OES(ACTIVA, Horiba Jobin Yvon, Palaiseau, France)&



A3 T A ZAE RF powers 1,000 W, nebulizer
+ Conikal U-Series& A}-&-3}%1 2™, nebulizer gas flow,
plasma gas flow, sheath gas flow= 27} 0.82 L/min,
12 L/min, 0.2 L/min® & A4 3}%t}. Neublizer pressure
+ 2.69 bar, normal speed of pump+ 20 rpm 2.2 3} S
H, wavelength Na 589.592 nm, Mg 279.079 nm, K
766.490 nm= Z}7z} A3},

< & (ethyl alcohol, Daejung Chemicals & Metals Co.,
Ltd., Gyeonggi, Korea) 40 mLZ 7}3 & 85°C water
bath(Jeio Tech Co., Ltd., Gyeonggi, Korea)ol| 4] shaking
st 258 & FESGTEH FEAL Aol A W]t
WZrak 511,000 rpmell A 10&3¢F 1 5-2](CR22-GITI,
Hitachi, Tokyo, Japan) &3t} 94 S FEAdE o7
A (Whatman No. 4, Whatman)2 A& ¥ 50 mL g&Z

230 FHale] 50% olEe o HEs 0.20 um
membrane filter(Whatman syringe filter, Whatman)&
o]g-3te] o3} & HPLCUasco, Tokyo, Japan)2 243}
t}. #%7]+% Refractive Index(RI-2031 Plus, Jasco)E A}
€3} 31, column< Asahipak NH2P-50 4E(4.6 mm i.d.
%250 mm, Shodex, Tokyo, Japan)& AH&3}%tl. HPLC
BEAZ0 2 column &5 38°CE AA5H o, o5

’$(75% acetonitrile)9] 42 1 mL/min°]{th.
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Ald =X
o Jo
Ao A9 FAe AFFADL FnasAch 9% 3
g= F3to] water batholl A Sz 3 F 3]3}s3ivh
= ko3

oldl FHFE 718t 500 mLE 483t & o ¥ (Whatman
No. 5, Whatman)3s§l o™, o] oJ} 10 mLE #3te] 25
AHEE A S ARG R 2~3-&S Thekal 0.02 N ZAt
2 g N (Daejung Chemicals & Metals Co., Ltd.) 2.2 A=A
3] aCl & AEssinh

ol
)
Z 12

2193(%) = Xfx5.85

a: Al2%(g)

b: Ao AHE 0.02 N A2e gol(mL)
f: 0.1 N #2k2 g9 97}1=1.003

pH R MY

@49 pHE A% 5 goll S/ 45 mLE 7l & aldte}
o] pH meter(720 A, Orion Research Inc., Boston, MA,
USA)E o] &8t S48 aL, A4 es pHE 543 Al
29 0.1 N NaOH &9 (Daejung Chemicals & Metals Co.,
Ltd.)& 7}ste] pH7F 8.30] & wi7h#] A7dste] 71 4| mL
T2 FAEA

»
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2] FEohn it A4S Ha thed 22 Als AA
g2 3A-E A3 Als B4 0.5 goll 70% ol g 10
mLE 7}8}3l homogenizer(T25 basic Ultra—turrax ho-—
mogenizer, IKA Werke Gmbh & Co. KG, Staufen, Ger-
many)S ©]-&3}e] 11,000 rpm, 30%3F #2343 & 94
22 7](SUPRA 25K High Speed Refrigerated Centri-
fuge, Hanil Science Inc., Gyeonggi, Korea)Z 3,000 rpm
ol A 1587 Al E st s s Fta, E AAE
oA 23] A 70% AEE 5 mLE ¥o] FE o
At et s s FHakqloh ko] A elS B §st
o] 40°Ce] %ol #AEF(V-710 vacuum pump &
heating bath, BUCHI, Flawil, Switzerland) &}¢] o €25
AA AT, ol eSS AAG A=l 5 mLe| SRTFE =<
% diethyl ether(Junsei Chemical Co., Ltd., Tokyo, Ja—
pan) 3 mLE 7}8ta 40°Ce] & %oA #ALsF 3kt
HZF FFNE sodium citrate buffer(pH 2.2, Biosesang,
Gyeonggi, Korea)oll £&]35lo] 0.45 ym membrane fil-
ter(Whatman syringe filter, Whatman)® ¢33t & ami-
no acid analysis system< ©]-83}¢ #413}%lt}.

A& 9F 100 pLE speed vace &3 1% ¥ PICO-tag
W& o]-8&3te] PITC-labelings A3t PITC-la-
beling ® A|&% 400 plLe buffero] = 135 10 pL=
F st 254 nme] UV detector(Waters 2487 UV de-
tector, Waters Co., Milford, MA, USA)7} 42 % HPLC
(Waters 510 HPLC, Waters Co., Milford, MA, USA)e°l
loading 3Fod ¥}tk ¥4 %A(140 mM sodium
acetate(6% acetonitrile)), %B(60% acetonitrile)E& 1.0
flow® AA3I om, Z27]dl %At %B2] H]&S 100:02
2 AlzFshe] 9.0%(86:14), 9.2%(80:20), 17.5%(54:46),
17.7%-(0:100), 21.02(100:0)2.2 443} 2557k 100
09 HlE&E A3

E-tongueE 0|83 EIEQ| ot Mg 2A
AEAL R ge] Aolg A

%l e—tongueE ©|-&3to] Bt A A Z HAMSHGIT At
3] #2418 A3 (electronic tongue, Alpha MOS Ltd.,
Toulouse, France) 7]7]& o] &3}o] #4151l om 44
A& AlME sensor array #5241 SRS(sourness), GPS
(calibration sensor), STS(saltiness), UMS(umami), SPS
(calibration sensor), SWS(sweetness), BRS(bitterness)
Atk A= AA e B4E AR 10 g& ZE# Yol 14}
ZHTE 109 3A 3 3 stomacher(Bagmixer R400,
Interscience, Saint Nom, France) 2 183} w2 3}&}3i ).
o] ARE 14 THTE 109 328 F o HA|E o] &3}
o] IH(HYUNDAI Micro No 10, Hyundai Micro., Ltd.,
Gyeonggi, Korea)ste] A A =2 ARE-3FITE 248 7]
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719 X %A L acquisition time¥} analysis time< 120
s&E AA3F oM, room temperatureo] A sample vol-
ume 20 mLE #4353t}

s Ed

g AseE A AR A B A AW T4l U=
A g7)o ujy olo]~=3 ~3F(1 inch diameter scoop,
Chef Gadget, Las Vegas, NV, USA)S o] &3lo] ok 5.1
g Hi FAE 92 5T Ut A A2l A ST
Zt Alge] 71l Alsel gt AAS 9] Hske] Al =

2 GRS E BV o AR A A= AYSHA B)
3l FI7F8 7 ~F(stainless steel, 7 cm)¥ A A A

ST 7k Al ol el W AR ol Holgl A2 A
A7) A8 A7H4E A5 B20£2°0)3 A B@x2x 1.5
e A AFHAT. DAL AR EAT
ZH|A 10978 2 27 AEGAQ] AL ES oA A&
ulA} 128l UiE HoHE 4, & 23790 AnAE O
o B AulA 71 5E AAE Fasdch A A
o BE ws- o ERREGE)
ASEHTR), WS ZHHO), A7 EEE g w
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2o F45 & AW & dE e-tongued A &4
FAARE SHHUTE 313 A5HMNA EEE JAH
7|k E FEWTRE AAT F $ATH 7IH S o] &35
7H B el & AxE dAHste] @ dAV|EEE
A3 7 v ARE AANIA 3 EAE A3
SHEN

2Lg2] A A= SAS program(SAS 9.1, SAS Insti-
tute Inc., Cary, NC, USA)& ©]8-3}3ltt. ANOVA #H7

o

IPAS

PN &
R

SheFS- 49.90~62.26%5 YEF S (Table
2), 97 B2 A%} £4717 Atol el A ARl
A walHo] i Fel 27T Joo S(®)9] At
Hlas) %4713kl the 7)ol oleldt Aol 7k vhehd Aoz
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9]+ 374.24~838.28 mg/100 g &
], Mg & 51.41~274.14 mg/100 g, Na ¥k
42~5,105.66 mg/100 g& YEFH o1 3719
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Fig. 1. Mineral contents of Doenjang.

Table 2. Water content, total sugar contents, salt contents, pH, and titratable acidity in 14 kinds of Doenjang

Water content Glucose Fructose Salt content . ..
Sample No. (%) (/100 g) (g/100 g) (%) pH Titratable acidity

1 50.75+0.11"" 6.39+0.18" - 10.80+0.00" 5.360.01' 97.33£2.31"
2 53.49+0.14" 0.27+0.00° - 15.78+£0.31° 5.09+0.00' 124.67+3.06%
3 54.97+0.328 0.28+0.00° - 11.40£0.31%" 5.57+0.01¢ 108.00:£6.93¢
4 59.78+0.63" 0.25+0.01° - 13.32:0.69°* 5.79+0.01° 89.33+5.77"
5 56.98+0.76° 0.00:£0.00° - 13.12+0.14% 6.39+0.00° 94.00+3.46"
6 62.26+0.01° 0.00:£0.00° - 12.69+0.44° 6.16+0.01° 99.67+2.89"
7 49.90+0.04" 0.13+0.02° - 13.99+0.67" 5.50+0.01" 194.67+3.06"
8 55.10£0.43" 0.10£0.01% - 14.05+0.22° 4.93+0.02" 162.00+8.72"
9 57.87+0.18° 1.24+0.02° 0.17+0.04 8.60+0.22' 5.84+0.02° 95.33+5.03"
10 52.12+0.141 0.30£0.00° - 13.96+0.15> 4.98+0.01" 118.00+5.29°
11 54.80+0.118 0.1240.02% - 14.2240.15° 5.75+0.02° 130.00+3.46°
12 56.28+0.09° 0.00:£0.00° - 13.67£0.17°¢ 4.86+0.01" 151.33+7.02°
13 55.82+0.22°" 0.00£0.00° - 12.45+0.06 5.060.02" 166.00+2.00°
14 55.10+0.23™ 0.08+0.01% - 11.77+0.018 6.28+0.02° 115.33+1.15™

"Means with the same letter at same column are not significantly different (P<0.05).
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A8 FgEd(2,917.42 mg/100 g), o= B A% A]
A7he BedE Qg 814 gatEtal 4 E Ao Park
(6)2 B Ae] 7714 ggo] K> Mg> Na &2
HATk Hargh vk glom, o] 2 Q13 9 ¥ K 3
U2 A= B3 A H o= FolA 3 Na gigo] sto}
3 Bzrerivh. Egt, ®gel A EA YERd Nad} Mg
2 H2A He A A5l A A £l 93 Aoz
= At

vkt FEge] F1d F% Na, K, Mg 2.2 3
=)o} 2tk Yoon (99 ©e ¥ =F w3 Na, K,
Mg <=0 2 727+ 9,735.06 mg/100 g, 1,742.58 mg/100
g, 40.05 mg/100 g 38 Ao Huyon o= B
AN AR ®FA 5o 3 Na, K, Mg R}
2 groldtt. Kim¥ Rhee(10)7} B3k 7)sE 3 71
A% Na &e 717} 4,181.3 mg/100 g3} 6,015.6 mg/
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v BaA F Bodste v ABEY Aol 7|EkeE A
o7 FoE it

#7Fe] glucose™ UlF, & 59 dav A4 T a4
of &gt 7hrEdlE AAEE AR BiEo] 9l om(12),

Ao AlgE @M= B freldH Y glucose?] 3

o] HlalA] Fol A& ®E ?*33}% FRGIsE g T
ol #@ ke] frEd F g ztol= delas &

gt ojabe] 404 sk HAES] A& SO
2} o2 4 YERY, Byun 5(7) #739] g
] HOAE Holi 1 o]F Fo] nAE
2 F71A g e] 71A R A8l whet
st

mﬁ ol

J~ k)
N
i,
¥Q
K

s 52
Oﬁ
JQ

|

2

w = =
Hioiii

fio o
12 o&i

oy 1o B ox %9 ol riz
o
2
fol

Proge N
e

o}

K
=
K

1=
2o}

N
o I
m 0

o] A g=Fe 9 ARl 8.60%= M W
Pk UER QAL 29 Al 2ollA] 15.78%% 71 o
S UERAtH(Table 2). ol €78 Az Al H7He 2
SEFdp AEAVE S dFE e dew ddHy,

¢} =

o i 08
03#

o2 o rlo
o
o

ot

A

4 1005

9wl Aol welto] AAHKG ThE Almel va) %
S el Ao BEch A9 Bk A2k
2o} Hojgkel 28 RS Aslala AFAE B
Aled ks pHluwslRS o AEEFL 10.80~
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37 ©7de] pH gke] 5.390]aL, Alojxl ©7¢e] pH #h2
4.36~4.410]2}aL B.31%k Shin (14)4 AT Ao} v
SRS W B ATl AHEH 14F 97489 pH ¢S 4.86~
6.39% et o™ (Table 2), Aozl ®7e] pH ¥ 9 22
#2 pHE YEhdo] & w7go] Al Algt A% 9]
%%‘ S HAS & T 01013} 7o) pH ko] 2pel= e
%A 717 Zpoloh Ak, Rl &) AAHEE F714kY
zpolof 7103k Ao LEl A TH(15).
B3] 4AMEE 139 #1Fe] 166.00(0.1 N NaOH
mL/5 @)% F& %k% Yeh Sl e (Table 2), pH7}F 7Hg
= JEhgd 58 @] 94.00(0.1 N NaOH mL/5 g) 0. &

we AHAEE UElof pHSE e e el
A% % & At
Qalotn|=t £

4 F o) ot Al FEl= F8)w ol
190 i B 14%9] felob]

25 w28 47(Table 3, Fig.
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BE ARAA 71 & A& A5
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s Aol o s GHA UEkRTh &

UEl &= o}r| =42 arginine™ leucine& 7}7F 1 3}

129 AlzeA F& HES e en, HA%-s &

Asp$} Glue 3WH Al zol vlua W =S Ul

Sulfurous °}"]x=4Fe] Cyse] A& 59 &2 0.02~0.47
%Areal] X E HATH

o,
S
a
b
2
Sh
22
il

T2 ofu|=AF = Gly, Ala, Ser, Thr, Prp2 @ikel] Th¢]
3L, Val, Met, lle, Leu, Tyr, Phe, His, Arge &4ko]
S 714 lysine @l &2 &5HS YEY A 2y
= Atk Shin 5(14)¢] =&l [L}E‘?i fre]obr =k w5
o] e, dmuid, darzt ® A wet 247 ol
== @ g Ak Bl opn) Ak ko] Eol
T folnite] o] Yo Yn o FAHEAA F
3h= Sl Tk gho] E 4= AE 1y E
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Table 3. Free amino acid of Doenjang
Amino acid composition (%Area)

Sample No. 1 2 3 4 5 6 7 8 9 10 1112 13 14
Asp (aspartic acid) 375 310 7.04 1.62 539 048 358 234 243 274 220 3.5 244 226
Glu (glutamic acid) 10.01 13.37 1445 146 1399 1227 11.84 557 830 1499 821 1046 11.81 878
Asn (asparagine) 054 024 007 005 002 005 036 076 0.02 201 024 148 045 001
Ser (serine) 1.66 323 007 104 164 009 777 393 0.16 0.00 445 1.62 048 3.69
Gln (glutamine) 267 087 0.13 0.13 0.00 0.14 0.00 0.00 0.14 043 0.00 036 023 0.00
Gly (glycine) 294 318 481 784 692 9.08 7.07 6.67 456 495 673 584 491 8.11
His (histidine) 1.60 1.04 214 045 161 025 1.19 130 198 220 154 137 2.68 0.39
Arg (arginine) 725 1.16 217 0.06 027 0.04 0.05 057 024 0.16 0.05 022 008 0.04
Thr (threonine) 365 342 445 323 144 024 460 433 225 224 323 271 467 2.68
Ala (alanine) 843 848 8.13 2323 17.66 26.10 1528 18.85 19.88 11.35 20.69 4.56 13.70 24.34
Pro (proline) 924 426 550 739 594 1.06 639 650 695 6.03 635 569 631 525
Tyr (tyrosine) 6.14 502 242 1.64 355 029 184 319 158 343 1.83 316 271 091
Val (valine) 588 721 829 882 841 9.06 7.60 7.69 940 7.87 777 9.10 775 824
Met (methionine) 120 243 192 233 173 18 154 1.73 210 2.04 190 2.89 1.85 1.87
Cys (cysteine) 002 026 047 044 007 046 0.07 0.12 0.11 0.17 0.05 026 021 0.18
lle (isoleucine) 547 562 677 7.64 556 773 568 597 709 556 660 658 669 6.61
Leu (leucine) 939 11.44 11.10 12.18 7.85 11.12 857 9.66 11.48 11.02 9.65 12.38 10.92 945
N_Leu (N_leucine) 377 300 133 190 137 150 1.12 226 220 292 1.68 3.53 232 1.27
Phe (phenylalanine)  3.85 6.33 534 501 450 473 373 426 596 541 449 559 573 364
Trp (tryptophan) 075 051 089 009 098 142 1.07 0.16 045 091 077 043 1.16 1.03
Lys (lysine) 11.81 1587 1252 13.46 11.09 12.03 10.65 14.12 12.74 13.59 11.55 18.64 12.89 10.75
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Fig. 2. Free amino acid chromatogram of Doenjang.
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Fig. 4. Principle component analysis (PCA) analyzed by the
electronic tongue system for 14 kinds of Doenjang.
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SRS, sourness; GPS, calibration sensor; STS,
saltiness; UMS, umami; SPS, calibration sensor;

BRS SWS, sweetness; BRS, bitterness.
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Table 4. Overall acceptability score of sensory evaluation of
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Fig. 5. Cluster analysis (CA) analyzed by the electronic tongue system for 14 kinds of Doenjang.

Table 5. Pearson correlation coefficients between overall accept-

Doenjang ability and electronic tongue of Doenjang
Sample No Sourness Saltiness Overall Variable Variable name Correlation coefficient
P ) acceptability
1 5 77D 3.01° 6.13" X1 SRS -0.772
2 7'11abc 9.000(1 6'0121 X2 GPS 0080
3 7'65abc 9.73bc 541b X} STS -0642
4 853 11.0% 5.05° X4 UMS 0.678
’ be ’ a ’ d XS SPS 0352
5 6.65 11.8 3.84
abc ab c X6 SWS 0452
6 7.42 11.0 4.55 X BRS 0359
7 5.50° 10.9® 4.95° i :
8 7.69% 11.2% 5.21°
9 7.00° 10.3" 5.32°
10 9.53° 10.2% 5.83" Tol EE #Ado] gles & F UM
11 6.57™ 10.5" 5.15° FIEAE St FRAT Fhol W 3 At 39
12 8.15™ 10.9% 5.79° B sl on, B A 3754 W (stepwise regres—
13 7.67" 10.0™ 5.92° o ST AT ST 6w SteD &
14 7.45% 10.5™ 4.95° sion method)& o] &3t3ltt. 374 tgt HFER o

YMeans with the same letter are not significantly different
(P<0.05).

A e 27z -0.772, -0.642, 0.678, 0.452, -0.359%
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= 4
-0.359 #how v A ges THER dAH 7z

[e]
SRS, STS7F Agl=glon, #e] HAukd 7S =(Y)9} =
o] HE 3942 Y=45.356—0.008X,(SRS)—0.010
X5(STS)e.2 Uelgten R*=0.882% o] 374 dis)
88.2% = w3l th o] BEA Gej&Fo] 0.05 o|st=
v §- folatm gk AAr|Ere Je vHtta & &

AATt.
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