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Abstract

This study examined the quality characteristics of ‘Ganjang’ prepared with ‘Meju’ containing roasted rice additives
(0%, 10%, 30%, 50%) for improving the flavor of traditional ‘Ganjang’. The differences between the flavor-enhanced
‘Ganjang’ and their traditional counterparts were also analyzed. The total nitrogen and amino acid nitrogen contents
of the ‘Ganjang’ prepared using ‘Meju’ containing roasted rice additives decreased with increasing amount of roasted
rice additives. Reducing sugar content was the highest in ‘Ganjang’ in which 30% roasted rice was added to ‘Meju’
Analysis of the free amino acids in ‘Ganjang’ showed that contents of the amino acids with a bitter tastes during
‘Ganjang’ production decreased upon the addition of roasted rice; among the amino acids with a sweet taste, threonine
content was high, and the glutamic acid content with a savory taste was similar. Additionally, E-nose and E-tongue
analyses showed that there were differences between ‘Ganjang’ prepared using ‘Meju’ with roasted rice additives
and the existing ‘Ganjang’. E-nose analysis suggested that such differences originated due to the fruity odors of
ethyl acetate and zers-butyl acetate and the roasting odor of pyrazine in ‘Ganjang’ with roasted rice additives. E-tongue
analysis exhibited high SWS sensor values, which responds to sweetness. Therefore, this study confirmed the use
of roasted rice for taste improvement, which increased the sweet tastes and, fruity and roasting odors during the
production of traditional ‘Ganjang’.
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2007). o]of] HATFEe] AnlE SHE oAz Bt S
9] 7jjAdo] ZRs}tt.

Y22 79] ol disiA 53] ARl 2584 A
2o} e, A19] o] Bolal vAE 9 19} BT
fd 22714 Zo] ATHoIA SIEkKim, 2007). Kancko
S (1994)2 F9HS ARESE S A 92 33
1:19]&2 4]0] ¥H= Kojiz A2 @32 & glutamic acid, 5
714k o, fEd, A ko] g HEX] Bls) =
1, gt} go| 53 o2 K yskerh HhHof| SH7ALO]
AN TR A4S AT EE, B SAE H71e Al
23t 7oA fEd dgol A vEht e, 55 2
o] Tzl Blsf oF 108y =A HEE o] 779 Am|o
295t 9ke gt B USFHTHChoiet Park, 2004; Lee
, 2002). 3L, Jeong 5{(2014)8] AFolA= TFE AR Al
T} vt 9:18 AF51%=s o S84, ohv|ity
Ax, & AElom|Al ¥ 9 7|57t 945t ZoR B
SIGIch ARS TR G2 249} TR o F Tt 7F
oMe F714, fE9 9 of|icAte] Skl ol Ut
9 7154 SHoA =ttt H 5t EHChung 5, 2001).
Yu 5(1972)7} Lee 5(1974) 7Hg4] 249 & 5 24
O AR S ZRE A0 22 A1SS Hd)

ol
[\S)
S

s F AFAERS 270 T2 Y== ot Azt ||
F7F FE o|F9ou, A B o= Ft
T 0|99 HEAE o] 83t w57 ARE o, ofuf ALE
H ARZYoZ &S ARESE Bt Qltkung 5, 1994).
o A2 BE o]83t A= Lee 5(2012)9] & w3 &
B L starter 7o w2 B} FHAEA AT, A AR
Al AT @ SA20] Bt A7 (Jung 5, 1995) 5°] U
Oou}, thiE B Aol F3tEolA Jlom, 7] Hst
A= v]Es)c} Shi 5(2018)2 &g E-34g] gho] ulet
A HHo] Ay AR Aot g EE 2490 W}
9} B Eo] furans 2 pyrazines®] SI¥HE FEfo| ST
Hsioltt. weba 2 Atolas 7189 HEAQl ghaltt
9] T WIS ol HoEES ANt HiFE ARgsto] A
23 9] BAEALS AL, 7129] SH7Pg] 2
HAE B8t skt
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Ao AR tiFe AR PR GolA ik dhEF
(Daewon bean)¥} 735 FFA| oA Y4k FAE(Buseoktae

q
bean) F52 ARSI LT, A2 Wz AEH(Ilpumbyeo)

=
Hu

EE5 Ao vl AR Al A2 AlF S 180TOlA 20
E7t ES{(Roaster 1K, Taewan automation Co., Bucheon,

Korea) H2j}o] Arg3Hoirt:

ESTES
wzo] Az 3S AFsle] of Az e B 3 57t
(40-50%, L5 kgem)3to] THAIR T H2 Hfat 8L 0,
10, 30, 50% H7}5o] Az ARstoich. ABE W
= Alo]A oF 289 WasiGon, HF g FAL 12
Aok

3 g3 YA Az
Vg Az AEE 2FBE 17% FEZ ALoH,
HjFoh AFEO] ML LAWY SHTE 602 Bt B
3 5 9T B Relsirt. Rele gL golelel &
Sglo] & B AAolA 1502 B BY T BAAR

2 mLe} DNS A]eF 2 mLE 7}oto] &= =9 58 $93
T 285 Yzele] 540 nmollA] % (Optizen 2120UV,
Mecasys Co., Daejeon, Korea)S Z45}9t}. Glucose(Sigma
Chemical Co., St. Louis, MO, USAYE ¥FE4 = 5l #
Aot HFFA R ST T (%) AL

oloj=id EA £

AEY 5 mLo F74 22T EH(pH 8.3) 10 mLe} F
F4 10 mLZ 9o} 0.1 N NaOH 840 & pH 847} HL&
27451k ol 2% 0.1 N NaOH mL & ofu| Aty
Ax Fgor Iilsiilrt. dxTe 54 Zadds tiid
st SFRTE ARSStel Sl

Digestion system(HP630, Mtops, yangju, Korea) Q2 A|
& oF 3 mLE F5to] A3 HSO, 20 mLE H7Isto] #5iA]
7131, Kjeltec system(8200 Distilling Unit, Foss, Hoganis,
Sweden)2 ARESHA] SRet & #7sto] 4H]E 0.1 N HCI
o mL $8 FA4E BASle] %S Ttk

Q2lotn| At £
felolulit HAS 99 1Hg 1 mLE AR F

membrane filter2 oJ7}3t & 10 pL F5}o] borate buffer 70
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uLet ERIA7]3L, o710 AccQ A & 20 uLE 75t
of 181F A2 & 55CofA 1021 §EESI3IHE #4717
UHPLC(Thermo Ultimate 3000 Dionex, Thermo Scientific,
Germering, Germany)S ARE5FH oW, AL C18(1.7 pm,
2.1x150 nm, Waters, Ireland)S AR5} 11, Diode Arrary
AZ7(UV 260 nm)& AE3IAcE oA 20% AccQ
Tag Eluent A(C]'54F A)Q} 100% acetonitrile(°]'54+ B)S] H]
22 99.9:0.1(1.545)—90.9:9.1(15.225)—78.8:21.2(20.475)
—+40.4:59.6(21.265)—10:90(22.845)—99.9:0.1(26 5)—
99.9:0.1(40E) 0 & 9240 | m[/min2] 2708 BAsgT)

HZAZE 0|85 LY E e &M

SR B8 9ol A& | mLE headspace vial(22.5%
75 mm, PTFE/silicon septum, aluminum cap)°]] Y1l 40T o]
A 500 rppmC 2 557t WHISFHA] headspaceE EZ|5IAT
AEAEAFN IS ALl 1,000 uLo| FPLHES F 3
ZA}3 (Heracles, Alpha MOS, Toulouse, France)Z 35+
1, 5 7§19 column(2 mx0.18 mm DB5/DB1701) ¥ & 7]
flame ionization detectors(FID)Z A3} T}. Oven XX +=
40CNA 527t FAIEUAIL, 270C7H] 2F 4CE AJSAIA
3027F SR = o, $£=A7FA9] flow rate= 1 mL/min%l
t}. Kovats index library 7]59] AroChembase(Alpha MOS)
£ ol-&sto] E2iE =9 i S50, 33] v 4
= FAJE(principal component analysis, PCA) H-AJof A}
&5tk

HAS{E o8t SF o 24

7P A=Y 5k 7709] electrochemical sensor(SRS,
GPS, STS, UMS, SPS, SWS, BRS)2} 17§9] reference
electrode(Ag/AgCl)7t F-2H 715 (Astree, Alpha MOS,
Toulouse, France)Z o]-&5}o] E4J5}19]t}. o|u] SRSE AL
STS:= A5, UMSE 285 SWSE ©5t BRSE 9k 7
A5k, GRS} SPSE AIAIGHS BRI ERAAE ALS
Hot 7 A& 5 mLE 120% 53 #4519, A8l o
< WA Qs SRS= AlAstelen, 53] EAZANE
Fw BAPCA)N ARSI

SH*2|

= glo]E+= 33] W2 245131 9™, meantSDE HF 5}
Ak E3h dojXl s FAZE I (Statistical Analysis
System; version 9.2, SAS Institute, Cary, NC, USA)& ©o]&
Sto] Z¥7¥o] wideof| thgt £ BA5l o™, ZF AlEE
O] ytatolof gt -R-2]4d H7A2 Duncan’s multiple range
testE 08310 p<0.05 52 1] Relat ZJol7} ke Ao

zt

e T

Eﬂ

2% Ht Hzo EUEY

HFE A ZA] B2 A7 H[ES 0, 10, 30, S0%= G5
Azt H5e] FAEHOR ST Ul ofliiby A
JF BHT AU Fig. 1 L 29} 2ok BUY FFLS ¥
o8 A7) F7VRE 0.57%014 204%717) B7leke
Aos Uehith $e8S BFORA 284 3 U
3} 227:20) Walo] oJ5) F Pl Z7hE A0 BHE
tHLee 5, 2004). BUGS Hxols] AR L EAC] 28
°F Z7RIL B 1 0l G, B2 2a 7]
Az olgEol 202 elA UrkYoo 5, 2000). F-&
o oF UGS LA uBEe] QopUo R ARGl
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Fig. 1. Reducing sugar content of ‘Meju’ added with roasted rice.

Values represent the meantSD (n=3). Means with different letters(*9)
above a bar are significantly different at p<0.05.
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Fig. 2. Amino-type nitrogen content of ‘Meju’ added with roasted
rice.

Values represent the mean+SD (n=3). Means with different letters(*“)
above a bar are significantly different at p<0.05.
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2 o= 7IdiEth Park 5(2001)2 & d71go] S71E
5 AES Eolok= a-amylase E4d0] 7ok 02 Hal
Stttk ofu|iAbd A HEAEE0] Y= thigo] of
iAo 2 BeEls g drohs 7|&old, B3t B4
Az 9 &4 Y 5 Tiido] FAE0 = 7l4Ea=of
e e opjicAto g wshEcky d#fA QIthRho 5,
2008). op|icAMY A S F3E 10% F7IRE 5o
A 2,146 mg%= 7P w=9kot, 11 o 37t Aol 3Ast
+ A0 E UET Park 5(2001)2 & £ 17} 10%004]
protease /0] 7M =l Harstg om, EQt A Eo]
7R Qlsl T FHY 8ol o =EH H7Ige] $7t
SHH GAgdo] AETH 519, & A9 AxfofA
T 532 50% M7t Alofs o4ty A gFgo] F4st

A AaEe RS & 4 AU

228 ot fIFE =Y ZH¥o| EY &

9] 4717t % vgEe] AEEE 7leEdlcto] A
AEe F2 AR ot AdEolth H348 7t visE '
7o) 2kl TS v|w et Ail= Fig 33 2t ARESH
0] BS54 o] STRIGE SY ERo| St
7} BBE 30% A7IeE WS ARSSE 7Pl T =2
1.16%2 Uergom, 50% A715t 3 ARRSE 7HolA
L 7hask= Aoz UERITE Jeon S5(2002)2 7HE o 3t
A2 7P AR &4 5 FdE vdEo] <s 8=
amylase?} HF F9] HEAS Hoflote] APHDR
amylase®] &7} AP A& 4= lom, ZAPtay g3
1Ro] 7|ARE o] 8= ol WE Ao|BE SA47|7 &
o] S0l FFE vA= Ao E HUsIct & A+
A 7P39] 3 RS uEol sl AEo] 7R
T Ay 43R0 71dE ARgSlal H2 e s
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Fig. 3. Reducing sugar content of ‘Ganjang’ prepared from ‘Meju’
added with roasted rice.

Values represent the mean+SD (n=3). Means with different letters ()
above a bar are significantly different at p<0.05.

FZE} E35L P O ARl F RS HEEE 30%
A5t 7o) BAE| R} 68 HE Long 2o Ayl
L=

H
N
2

5S4 At HiFE g2 24Hde 23
Bl

B4 A7 vFE gt 9] 44 9 ol A
4 TS Bt A3 Table 13} 2o 7P 344 &
T2 5 lgo] SRS AAEOA = AR YEt
Ut durEo = gha 7Hge] FAA ] EAV|ES
0.7%C]™(MFDS, 2017), 2% 30% H77IA= 247]E
of oA UehdE & 5= At F389 WS 2
g WFE ARESE Y] of|ieAbg A FHF FAET
of|A] 836.64 mg%= LFEFEO ™, B34S 50% 7R WiE
£ ARERE P2 425.09 mg%= WA UERHH:. Jeong &
(2014y2 7§ A= A] uZ7} vlgo] w255 opv|At
/d A ko] Wrhal B st E3L Sun (19872 &
A et W7HE 302 F7hES GeElste] 7HgS Al xst
R W YR 7oA UKo £24E op|iAd A
Slefo] Urha B 15k9Ith Kyoun 5(2006)2 & E&1 o
F/JEoA el FFE Wt 6.07%2 115192, Im
5(2016)2 F E5FC] w2 oA FFE Ht 41.5%= B
53}, Choi®t Rhee(1994)= F €] & B4 2 €
ZHr} ofu)icAbg A 3ol £9koH, o= Y=l F9
3ol szobA] ofm|iE] HAE AR 4= Q= FHo] B
g Eol2tl oFFlct. 2 Ao A TFgA|IRO] ARSSE M
U=o] Ty FFol| oo 1 BofiER] oAby Ad
gl zfol7t Sl A= wrtEofzich

2 Aot Hix2 B2 Mol fe(of|kqt =Y Hlw
ge] F8 AgER] FElof|iAke AEe] Frl] F8

ALZ ke Aoz LA 3Uth(Seo} Lee, 1992). Frr
A A71ES EElolo] AT WIFE ARSRE 1M o]

Table 1. Total nitrogen and amino-type nitrogen contents of
‘Ganjang’ prepared from ‘Meju’ added with roasted rice

Roasted rice content ~ Total nitrogen = Amino-type nitrogen

(%) content (%) content (mg%)
0 1.51+0.00*Y 836.64+2.43°
10 1.22+0.01° 728.73+15.79°
30 1.13+0.00° 651.18+2.92°
50 0.72+£0.01¢ 425.09+5.66"

YMeans+SD (n=3) within each column followed by different letters
are significantly different (p<0.05).
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teAb SRS Table 20] HERITh felobmlicAt 3 of
uieAby A g0l A% AR ehde 2 4 99l
ot ReElohietke: T2 et Uﬂ—ri o 7304 630.68
mg%® £/ UERtoH, 54 30% 7Rt HiFz o
ZPgOIAL 573.64 me¥% bt T9be Ui omw—
lysine, phenylalanine, serine, alanine, arginine, glycine,
proline, threonine 5-© & 01'31751 Qo BAZ HWFE o
o TP 232.44 mg%, H2 30% 7Kt WiFE g 1t
A2 24228 meei LhERE ofaliedt Tdo] gt ofmjiak
o] FA2lo|| H]sl HE2 SR 4= A 53] Tt o]
LAt = serin, threonine2 FA# Xt 284S AH7lst 7F
oA =4 vehdS & 5= AT 89 Yl ofreAkel
a:rginine histidine, isoleucine, leucine, methionine, valine 5
£ A2 v B el Sl e 8 4 99
o ZA9E Wi glutamic acid $FS FA2] HlFeh £
B2 Ak oA 1 9l SRS £ 4 g o

Table 2. Free amino acid composition of ‘Ganjang’ prepared from ‘Meju’ added with roasted rice

S AFZUA S EHOA L glutamic acid7} S84 S}
SEOA 10% oA X]-Z] k= 2102 K I1(Choi 5, 2015)
£]o] QLOM, Choe 5(2002)2] & EZd ofu]iAF B4 A}
ML A ofuieAl F 19%2 w2 TS YehA F of
A& 71 ﬂﬁ'ﬂ’ﬂl:-— glutamic acid7} &2 SRIT = U
o}, wEbA] B-98S 30% H713t HRE ARSSE 7R T
2 HF AR 7‘_}%01] H| WA 2982 W= ofr]icAl gHgol
o] et @ ZHANEE B | 5 Q1S o= 7|diEch

rir

M3 Y HAsie| 0| Y bl

7199] E1 BA0IA ST 9 9 obalieAt 2] -
o7l Ueh 228 30% A7} 24T BAE dago
& AMG3 HE 2Pt A Aol Hol AgSH: tieE
o B ] Pole v 9o s L A
242 Sttt HAE olgle] 7ol PG 4
3§ o}2 WO AR BAS AN AT Fig 49}

(Unit: mg%)

Roasted rice content (%)

Free amino acids

0 10 30 50
Histidine 2.910.02" ND? ND ND

Serine 7.04+0.09° 11.40+0.10° 23.77+0.17° 24.93+0.02"
Arginine 40.04+0.12° 36.83+0.12° 36.01£0.18° 24.43+0.05°
Glycine 41.05+0.21° 33.59+0.15° 27.35+0.18° 19.49+0.02¢
Aspatic acid 16.58+0.42° 25.04+0.36° 4.82+ 0.75¢ 15.64+0.02°
Glutamic acid 77.87+0.13° 76.73+1.13* 77.06+1.65 63.45+0.05"
Threonine 2.01£0.01¢ 21.48+0.19° 30.97+0.14° 22.83+0.02°
Alanine 11.01£1.75* 10.64+0.21° 10.61+0.05° 3.83+0.01°¢
Proline 51.08+0.03" 47.03+0.12° 39.04+0.18° 26.75+0.02°
Cystine 1.59+0.03° 1.58+0.02° 1.63+0.00° 1.57+0.00°
Lysine 55.7240.06° 42.72+0.29° 52.7520.15° 28.66+0.02°
Tyrosine ND 1.68+0.07° ND 25.54+0.03°
Methionine ND 0.07£0.00° 0.5240.01° 0.08+0.00°
Valine 63.26+0.12° 62.43+0.31° 57.84+0.32° 39.23+ 0.06°
Isoleucine 76.48+0.02° 71.83+0.38° 56.82+0.30° 36.724+0.01¢
Leucine 108.48+0.04* 73.76+0.55° 93.62:0.45° 55.64+0.03¢
Phenylalanine 75.57+2.05" 72.20+0.34° 60.820.28° 43.95+0.03
Total 630.68+0.93" 589.00+1.23° 573.64+1.43° 432.74+0.34¢

YMeans+SD (n=3) within each row followed by different letters are significantly different (p<0.05).

INot detected.
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Fig. 4. Odor profiles based on PCA with E-nose measurements of
‘Ganjang’ prepared from ‘Meju’ with different materials.

GDB, ‘Ganjang’ using ‘Meju’ with ‘Daewon’ bean; GBB, ‘Ganjang’
using ‘Meju’ with ‘Buseoktae’; GBR, ‘Ganjang’ using ‘Meju’ added
with ‘Buseoktae’ and roasted rice 30%.

2k ANFGEL 99.982%, AR2FAEL 0.015%2] &
< Uefo] & 99.997%9] FAER-ES LRSI F2
RS 7V e S PCIE 71E08 920 Hey]
of F82 H7IRE PIT 33 Zol7t QlojA A
9] Alo|7} & ALE FZEQt. HeT 9 FAH Fo=

AZE PN OIS 7120 Holr} gl Ao Ueh
U gl e oa Holh Sk A0E Ukt @
H, AA= B0 oJgh 3E-S Kovats retention indices
of| w2} AroChemBase library= M A3= Table 33} Z
o} &, 23488 A7I8E 72 EESH ethyl acetate, tert-
butyl acetate, pyrazine g3 2> I}UgF 9 ES o] Q=
AOE et AR 42 Al SR, 49 94|
e 59 o] F8EAL tiDong 5, 2017; Kim 5
2016). 7H9] HAS 24 A= Fig. 5SAQF At} &bt
THAE STS AlA= Aol7t gl A0 R Yehdon, 74t
I} AT UMS AllA= B8 715k 2 7oA &=
Al vrEhd who], @5k el SWS AlAoM = F54
< A71eE 7FgolA =4 YElstth E3 A8 9 252
B SRS A4l & BRS AlAoAs H-34E H7Ish 7t
oA FA UehdZ & 5 Al webA F522 H7t
ot 7P 71&9] SRRzl vl Tk Wi ATt 9 &
12 AaEE AASEE S5l gl 4= ASith A
A4}, AR A1 Al 9 A2 /489 7]ofgo] 27t
94.255% Sl 5.498%E YERHo] 99.753%9] FAHRES
UERHSITHFig. 5B). PCIZ 7|20 = F32 30%E 7%t
HEE 9 M2 95, BAY T s 92 g2 5

He r

Table 3. Volatile compounds identified by E-nose based on Kovats index on ‘Ganjang’ prepared from ‘Meju’ with different materials

Retention time (sec) Possible matching

Odor properties

Odor intensity"

DBS DB1701 compounds

- 34.17 Isopropyl acetate Fruity odor R>B>D
40.44 - Propanoic acid Pungent R
22.02 - 1-Propanol Mild, alcohol-like R>D>B
26.73 - Ethyl acetate Sweet smell R
36.11 - tert-Butyl acetate Fruity R

- 24.33 2-Methyl-2-propanol Camphorous R>D

- 23.52 2-Methylpropanal Wet cereal or straw R>D>B

- 44.49 Pyrazine Roasted products R

- 38.66 Propyl acetate Mild, fruity R>B>D

- 37.59 Ethyl propanoate Pineapple-like odor R>B>D

- 29.71 Butanal Pungent, aldehyde odor R>B

- 21.61 Dimethyl sulfide Cabbage, sulfurous R>B>D
27.86 - Acetic acid Pungent/vinegar R>B
56.00 - Dibutyl ether Fruity B>R>D

D, ‘Ganjang’ using ‘Meju’ with ‘Daewon’ bean; B, ‘Ganjang’ using ‘Meju’ with ‘Buseoktae’; R, ‘Ganjang’ using ‘Meju’ added with ‘Buseoktae’

and roasted rice 30%.
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Fig. 5. Intensity comparison of 5 E-tongue sensors of ‘Ganjang’
prepared from ‘Meju’ under different materials (A) and taste
profile based on PCA (B).

BRS, bitterness; SWS, sweetness; UMS, umami; STS, saltness; SRS,
sourness; GDB, ‘Ganjang’ using ‘Meju’ with ‘Daewon’ bean; GBB,
‘Ganjang’ using ‘Meju’ with ‘Buseoktae’; GBR, ‘Ganjang’ using
‘Meju’ added with ‘Buseoktae’ and roasted rice 30%.

&, 9T wFE g 12 HS0 YEfd glofl SlofA
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