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Abstract

This study was performed to determine the optimal composition of Cheonggukjang added with garlic. The experiment utilized a central
composite design (CCD). The evaluation was carried out by means of response surface methodology (RSM), which included 18 experimental
points with three independent variables : the content of the garlic (1.3~9.7%, Xy), the steaming time of garlic (0~15.1 min, X;), and the
fermentation time of Cheonggukjang (48.2~71.8 h, X3). The viscous substance (Y1), acidity (Y»), amino-type nitrogen (Y3), y-GTP activity (Y4)
and ABTS radical scavenging activity (Ys). were assessed in four replicates with five dependent variables. The maximum content of the
viscous substance was 13.02% at 6.53% (X1), 6.81 min (Xz) and 55.18 h (X3). The acidity was increased when the fermentation time was
longer, and the minimum acidity point was 0.50% at 7.75% (X1), 3.42 min (X;) and 58.60 h (Xs), respectively. The content of the amino-type
nitrogen at the experimental range studied was was 80.58~158.82 mg, and the stationary point was at saddle point. Using ridge analysis,
the maximum point was 156.97 mg% at 6.21% (X1), 14.85 min (X2) and 58.04 h(X3). The optimum conditions of y-GTP activity was 5.73%
(X1), 6.99 min (Xz) and 57.96 h(X3), respectively, at the maximum point was 353.66 mU/mL, The maximum point of ABTS radical scavenging
activity was 76.43% at 3.78% (X1), 14.28 min (X;) and 57.99 h(X3) at the saddle point, when the garlic steaming time was longer.
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Table 1, Experimental data on viscous substance, acidity, amino type nitrogen, y —GTP activity and ABTS scavenging radical
activity of Cheonggukjang prepared with garlic by response surface methodology analysis

Conditions Experimental items
Exp. Content Steaming time  Fermentation Viscous Acidity (%) Amino type vy —GTP activity ABTS radical
No”  of garlic(%)  of garlic(min) time(h) substance (%) < I\(y ? nitrogen (mg %) (mU/mL) activity (%)
Xi X X3 Yy § Y Ys Ys
1 3.0(-1) 3.0(-1) 53(-1) 8.5240,01% 0.73+0.01™ 80.58+0,71" 18,05%0,84™ 66.18+0.15"
2 3,0(-1) 3,0(-1) 67(1) 4.85+0,06" 0.73£0.06™ 89.44+1,77° 14,55+1,15" 68.66+1,11°
3 3.0(-1) 12.0(1) 67(1) 6.69£0,06" 0.7740.06™ 89.91+7.54" 13441084 71.82+0.64"
4 3.0(-1) 12.0(1) 53(-1) 11.17+0.05™  041%0,05" 103.20+£1.89°  361.14+12.87  70.63%1.06"
5 8.0(1) 3.0(-1) 67(1) 5.4140,02" 0.73+0,02"" 97.84%0,71% 14.92+0,96™ 62.50%0,43™
6 8.0(1) 3.0(-1) 53(-1) 14.2740.08° 0.45%0.08" 90.2+713°  42680+1495"  58.90+0,67"
7 8.0(1) 12.0(1) 67(1) 9.35+0.03" 0.99%0.03° 114,968 47" 31.68+4.70" 56,5140,40"
8 8.0(1) 12.0(1) 53(-1) 10,22+£0.07™  0.7720.07" 127.71%1.50" 0.02+1.59" 63.18%0.56°
9 5.5(0) 7.5(0) 60(0) 12.13%0,01"™  0,5340,01° 136.42+221°  334.44+178"  61.58+0.31°
10 5.5(0) 7.5(0) 60(0) 13,15£0,00°  054+0.00°  141.00£1.43™  34880%27.05"  58.05+0.14"
1 5.5(0) 7.5(0) 60(0) 123840,02™  044+0,02°  140.93+1.62"  400.74+31.43°  3.214+1.73"
12 5.5(0) 7.5(0) 60(0) 1245+0.00"°  052£0,01°  13316£3.00°  317.31£11.35°  6540+0,58"
13 1.3(-1.682) 7.5(0) 60(0) 8.0510.3%  0.6710,03" 01,78+8 22" 14,55+0,84™" 67.17+0,43"
14 9.7(1.682) 7.5(0) 60(0) 9.20%0.02% 0.65+0.02° 103,29+5.14" 14.36+1.46™ 62.28+1.10™
15 5.5(0) 0(-1.682) 60(0) 6.75%0,06™" 0.67+0,06™" 146,077 24" 53.7842.61° 57.65%0,42™"
16 5.5(0) 15.1(1.682) 60(0) 6.40%0,02" 0.7820.02" 158,82+3.44' 25.41%1,99™ 82.52+0,43"
17 5.5(0) 7.5(0) TL774(-1.682)  85410,03% 0.8440.03" 112,78+3.91" 12.34+0,32" 67.05+0.61°
18 5.5(0) 7.5(0) 48.226(1.682)  9.46+0.03° 0724003  107.02%4.99™ 13.63+1.39"® (9.13£0.19°

Y The number of experimental conditions by central composite design.

*Mean+SD in the same column with different superscripts are significantly different at p{0.05,
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Table 2, Polynomial equations calculated by RSM program of Cheonggukjang prepared with garlic

Response

Polynomial equations R Si

Viscous substance

Acidity

Amino type nitrogen

7-GTP activity

ABTS radical scavenging Y= 62.212175—3.253111.X, +3.494523X,, +0.299503X, +0.255774X, X, —1.165417X, X, +2.150353X, X,
—0.842917X, X, — 1.447917X, X, +1.444599.X, X,

activity (%)

Y= 12.478794+0.729145.X, +0.277506X, — 1.194493X,, — 1159506 X, X, — 0.577500, X, — 1.884701 X, X,
—0.198333X, X, +0.898333X, X;, — 1.026956 X, X,

Y= 0.509114+0.019746 X, +0.034934, + 0.049408 X, +0.045476 X, X, -+0.108750X, X, -+ 0.069630X, X,
+0.017083X, X, +0.037083X, X, +0.087892X, X,

Y= 138.845290 + 6.360002X,, +7.265210, — 1.414729.X, — 18.516012.X, X, +3.926667X, X,
+0.892823X, X, — 0.78333X, X, — 5.328333X, X, — 14.144812X,, X,

Y= 345.085124+5.491551.X, — 7.821437.X, — 54.058926 X, —95.199013.X, X; —92.887500.X, X,
—86.312870.X, X, —4.765833X, X; + 11.303333.X, X, —95.719787 X, X,

62.33%  0.0001

69.72%  0.0001

82,02%  0.0001

69.74%  0.0001

62.07%  0.0001

. zat & oF

A A G ofg 1873 mls xR e A=
ol HAHE AFSE AT ZAIAE Table 13 Zom,
Table 2049} 22 WHEEW 3]72S AJrh. HAES] A
AR 4.85~14.27%2] H9IE whs9 HUbE v dAE ¥
A= arge] Zhzt 8w, 3%, 53A17HExp. 6)9 WEz7
ol 7P Eskh 37 Folde ARAFR)7E 62.33%
Hom, BAHEA At frolghge] 0.00012 Ry o] Hgsitt
I A g vk wREHe] A Huidelw, o] o
s 7R, v A 9 A DEARRE A2 6.53%,
6,813, 55.18A1Zke|RAaL o] el HAEe Huigke
13,0202 g ATH(Fig. 1).

dubzlel Azgolls 2.15~6.03%] HAZo] dfEo] gl
+Hl(Choe Js 5 1999), = HAEL wEAY F
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Fig. 1. Response surface plot for viscous substance content of Cheonggukjang preparedwith garlic
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Fig. 2. Response surface plot for acidity of Cheonggukjang prepared with garlic
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e AAFE WHE 0ARIAE FTFEIE o]F thA
Haste Aot

4. 7-GTP M

A=l A HkE st 1877t vhs HrbzA
of w2 A=Al v-6rP @& 43 A (Table 1), WH
FHEA ] o3k 32 FoA AAAFR)YE 69.74%E
Uepton, AN A9 fodEo] 0.00012 2Fo| AF
3FStH(Table 2). d&5¥ AL HNWHLE 353.66 mU/mL
o HAUFe 4L F Uden, vk A7k, vke dAE A
7+ g AT BEARRbe]l 4 5.73%, 6.99%, 57.96A17+d
w7} y-GTP E4d0] Hujgl == 27l

A= 559 AZE AT #dHol de= ry-Grp 4
AN Ao HEAEE Yeplle Axa & 5 glen,
7-GTP= ofu]izAbel] glutaminyl?] S A7 = 542 Hd
59 4 A8 polyglutamateS AA3THIm CM 5 2000).

2eHEE gEldt A3 y-GIP @84S 67~128 mU/mL
Hejgta BuEoe] QEH(Zheng Y ¥ 2011), B 5 A
=4 y-GrP 4% #EE A7Ey HAE Aol
7P = ARl 7-GTPe] A= wo} y-GTP FA4¥
AAZ] YAFo] o] ABBAE A= AR HuEo]
AtHYoo SME} Chang CM 1999). & A¥e] A3} nps A7}
F 9 AR, A5 dEagle]l Zhz 8%, 3.0%, 534
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A y- 6TPY] AL Eue 7)Y dTRael dxEe A
Hlon dAEe] s y-GTP EUgAtolol el A

S 2 F 22 83 A A 297 A 635 (2013)

7 s Aos ReEy.

5. ABTS 2jc|Z 27{Ey

A=Al nkg HArkzdel we bt &4 FJriE o
ABTS 27 2AZAEE A3 AtHTable 1), SAAEAE
of o8t 1877k A=A vl Hrhol 5.5%, dAE
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Table 3. Treatment conditions and maximum and minimum value of Cheonggukjang prepared with garlic by response surface

methodology analysis

Treatment conditions

Experimental items Predicted values

Content of garlic(%)

Steaming time of . .
Fermentation time(h)

garlic(min)
Viscous substance (%) Max, 13.02 6.53 6.81 55.18
Acidity (%) Min, 0.50 7.75 342 58.60
Amino type nitrogen (mg %) Max, 156.97 6.21 14.85 58.04
7-GTP activity (mU/mL) Max, 353.60 5.73 6.99 57.96
ABTS radical scavenging activity (%) Max, 76.43 3.78 14.28 57.99

AIRE 15,13, A=EE 0AIRHExp. 16) EAIZE o F94
o7 JP¢ =gton theog nkE Friwka gAg

247y 36 9 1280 % A FIHExp. 3, 9oA E2 &
< YeRSl vks vldAE] FHExp. 153 HwE o,
s dAE] AlRte] HE5E Gz 2AEC] S
=), ol dxe WS dele v itskss Hrks
Lee YR 5(2012)¢] KoM nlES steamingdt A9 2]2]A|
7ol =S8 U7 &A% FIEIEeH, EedE I
o oJ&Holgk= Hiel FUsh A Aoz dAdHch o
Aed vhe2 Avks M) F Zedls el Sk
o, ol "Xz <lsly vls W ZEdEe FEo| £l
A7) wWEolgt HiEo] Jom(Kwon OC 5 20006),
Stewart A] 5000 EvIEES x| A 2o A
o v ZA¥F e HesdEel FEHY FElFoz A%H
Heol o] S7lEe AR BHiso)

Ho 2wz F9 allicinT thiosulfinate 52 H|AE o
Aol #EE o] sprjob whgste] whilde] S48 A
gt wet mAgEY] S-S Al Het(Cavallito ¢
T 1994), vksg 7tEAEE B9 R gsdEel A
E3(Bae HJ9} Chun HJ 2002), €23k vl=L vjdA7] n}
=l B8 Bacillus subtilis, Bacillus cereus 5ol 3l o2+
Aol ZrAhEHE AoR Ry kKo MS9t Yang JB
2008). £ AFAFANME vies IA sl wE FEEA
o] Z+hxlo] AFo] KO8N Bacillus subtiliss a- X B8
-amylase® BTN A= HE F UiFY JES £9
ste] o HAINIE 842 Zesh=t(ee JO B
2005), olm A4dE ] FAY= FitstE Fotel 7]ogt
Aoz FAH.

2 9o vhe ey ZiNrable 2), 372 Fode
AAAFR)7F 62.07%Qer FIFE- 0.000101EH, A
AL Ao E FHARAE olgste s HUbET AT
Z AEAE WEFL vk dAE RS EdoEx I
ik AR v AUk dA
2l Azte] Z47h 3.78% B 14.28F0ln =G LAAR
57.99A17F & Wl ABTS gftZ &AL Haghl 76.43%%
dE F ASATHTable 3).,

sl H7FFE(1.3~9.7%), vkl EAE AIRH0~15.1%)
2 A= dar7h48.2~71.8A7he SHPHFR st A=

~
N}

o] FAEAY #dE 709 Aol ik A AI(Table
3), opuiee] Ao ghFo] 7MY AA AFTL =of 82.02%
A3, oJe} FEL 62.07~69.74%2] Hh EXH s
= AEE Hags, o BYdEe Ais Jely
H, o]Eo] 4 T HAYE e oM ks
H7VFE 3.78~7.75%0]H, vlEe] dAe] ARk 3.42~14.85
B ol A=l wE A7RE 55.18~58.60 AlZko|Slth.

2
k1

FAL
P2
o

o —

|V. o OfF

L =

nhES o83 Ao AzzAS HAHE A FATE
Al wet vkEe] H7IEEX), vhe EAEARK) 2 A
4 AEAK)S SHHFR kL, FHE WA, A
T(Yy), obulE] FATH(Ys), 7-GTP(Y) 2 ABTS g &
As(Y)S FE5HFE dto] SR HARAS AN A
AE AT AL HuHoz AAESRel vk #H7t
2ol 6.53%, DA A7t 6,818, A= WFEAZE 5518417k
oA 13.02%9] HA e Bt e o] dEARE
o] dojds= Zrlsllon, Hagd 0500 YeRE v}
5 Hrleke] AAWSE 7.75%, AT AL 3428, F=
2 dEe s8.60AIRkeIT), ofreE) A ShF 80,58~
158.82 mg% WLITH AFHe Mo FTHENS §
3 Adojzl o] Hao] HIFE 156,97 mghSict. o] ul
s AVl 2 A A 42 6.21% 14858, A=
Z EAZRe  s8.04x17k0IlE. y-GTP AL 353.66
mU/mLe] HUFE 7 o, vls A7, vke dAe ARE
9 A3 wFA|zro] 27t 5.73%, 6.99%, 57.96A17F o]k,
ABTS gtHZ 2ATE ks A7k A5 daAzkes v
F1 ke g AIRFE ol A 76.43%9 Hagh A
S Qe old wE AAWe] vise] ek g
gAIre A7 3.78% F 14.288 7 AT HEAZRE 57.99
Akl ool AdE Fiste]l B uf wiso| rbd
Ao AZE Y vl EY F 5 U] 3.78~7.75%F
H7rekE 3.42-14.85%9] WA 2E7FGeE & ARESEH,
55~59A17F A= LEATE Aol st
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