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Abstract Brewer’s spent grain (BSG), a major by-product of the brewing industry, is often
discarded despite its high nutritional and functional components. This study aimed to utilize BSG
as a food material by incorporating it into cheonggukjang. The physicochemical properties, bioactive
components, and antioxidant activity of cheonggukjang were measured with varying BSG addition
ratios. There were no significant differences in crude fat, crude protein, and carbohydrate contents
based on BSG addition. Crude saponin and taurine contents increased with BSG, with cheonggukjang
(15% BSGC) containing 15% BSG showing the highest levels at 232.52 pg/g diosgenin equivalent
(DE)/g DW and 213.95 pg/g DW, respectively. Eighteen types of free amino acids were detected,
and total and essential amino acid contents were highest in 15% BSGC at 17.80 mg/g DW and
12.50 mg/g DW, respectively. The addition of BSG to cheonggukjang increased the contents of
reducing sugar and glutamic acid, which impart sweetness and umami, respectively. The total
polyphenol content also increased with higher BSG, and ICsy values for DPPH and ABTS
scavenging activities decreased, indicating enhanced antioxidant activity. As a result, it is anticipated
that cheonggukjang, with improved palatability and biological activities, could be manufactured by
adding BSG.

Keywords Brewer’s spent grain, cheonggukjang, antioxidant activity, free amino acid, crude saponin
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AL 42 Foll X2 (Bacillus subtilis)S AEscto] TEAZ] A d A
2 AHgsiol $719 WAL | W, AR 438 A8 9T

37-50°CoIA] 2397k B SRAIITHLee 5. 200). FRGL WaTHY % ulg=o] YASRE &
£0] Agor F o] thefdt peptide®} amino acid® &850} A F-&0] FOMHAIL A
of F<ret ok TS WTShin, 2010), RS SEIY B 2ol o3 TR Hobol
A7) Aol EAoln, FEI RO F4E-E poly-y-glutamic acid} isoflavoneo] H2}=|of 44
= aglycone O &, poly-y-glutamic acid= Z9 S4E HI aglycone2 A4S 9 4218
]—7(1E}(Iwai 5, 2002; Marco 5, 2017). ESF A2 phytic acid, saponins, phenolic acid, 4]0]4]
Eﬂ _o_a EIA=S 54 A= Aﬂa g4 B4 c}a}: ol—O o1 1A glx:]-(Jung =, 2022; Kim <, 2021a).
0130} 71573 /el 7105kl =72 TS, FLURY], BHESH, TS &k, G AfA
59 YR 7se 7, s S 9 A A7 =S F= vy vdES RSk
Aol 715748 AFELo R FEITIL ItHMun 5, 2018). EJF 7]E9 F=49] 7[s4e 28 I
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=R Park S, 2008), EAKKim £, 2009a), HjZ(Kim £,
2 A EAEKKim 5, 2009b) 52 75kl A2
S AeAR1 F=Aol Hs) 7123 BE AR ¢
o] S7HE 1L, A BAE vIRSte] 58 A7l sde
7 Aor EiE
B G2 F7MojA Fo g AH|EE AAHCE Q1Y)
=2, dokd Ko 3-H B o5 HEo] Fo=
Sf= 1L o]Ao] mHof ofsf TREHHA FFEH} o]italet
& AgtEthJung?} Chung, 2017). W5 AAtst= 2|
A Eo =4 Y= f7148 A REEQ] WFEK(Brewer’s
spent grain)°] YAE =T, o= F= 329 A4, 7y 9 H]
F 2708 =0 it} W] ik YR IE
30% B=E AAIshH, W3 Aty ol A BE s A BA
£ T 85%E W =2 HSZ AAISHL §lof W9 Qlv|vt
2 1 AAEE §7159 ¥ oisith(Ravindran 5, 2018).
W80 folic acid, niacin, biotin, thiamine, riboflavini} Z+-&
HIERL, WU, obv|kAt & HlEA SFES ZF6HL Sl
0t ofyzt o] Aol 15 Etolal Qlo] AlFo RN &
&730] ulf- EtMitri 5, 2022). T2y A 2 AF AAE
H[-& 502 Qg A EARE diFE uiy H7] 9 &7t
1 glon o] Qs TAsk= 247, oFF, o4 5ol &
A0 $AP} HT 9l wheb wipekg 712 velks o
A TR A% AR 28] A Q77 AFET Ao
(Ikram 5, 2017). Czubaszek 5(2022)2 WFHRS H71sto 2
A 71570] 45 g A|Z5to] WIE A 249 Z-&
7Fs/8Z AAISH .1, Nocente 5(2019) & Hof| W4}
< A7sto] Aloldf H AR HE9 dhgo] Eal F A
3} 50| 53t T HAEE ARkl ELL, Wt
A FEE AolHRE Zejoddn Esto] ARG A
A5 Azt A}, Wapdio] AR 9] ol Fake vlA|A|
SA0) B, 24, W4 stk Lasedt
(Choi 5, 2014), 1A%t 217-2] tjsto] we] Alo4igo)
T4l 9 AESHE B4 273 1 9o, W] ciear
9o W A AR RS F8Y & Ut A7 Basi
(MinAlexander G-, 2023).
webA 2 AolAE JFEET 75 Ee] Bol T
o} o] 7154 AFLAEY L-E7Fs/0l WY E2ol= &
TSR H7|E A Qs WS AE AR B85k A} 519l
o ESE, Wk Hrlstol Aurgs AR RN FAT 7
5730l FE B=d= AxstA syl olF fls WA
FHro] H7bds 2ot =7 AxstL, A7t vlee] o
E U3 A4 olgfety B4, FH EA X VIS S

Algnt B A2 B8 WReo] /)54 AE 2420 g

pach
fr

b o
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2. Mg % diH

2.1. 48 M=

i 20234 Qo)A ot AL Fosto] AR
5= A4 9 248l B S0 39 2o 24417 IR
stgon), B2 GEE BB 121Co1H 4087 FAR
3, 40°CR WAstel B A Y52 A8t U
T3 Bacillus subtilis )KCTC 1012)2 JEAFLAIE| (Korean
Collections for Type Cultures, KCTC, Jeongeup, Korea)o]|A|
£ ot ARgsIH. £ 2 o= Tryptic Soy Broth Hf
Z](Difco, Becton, Dickinson and Company, USA)E AR&-5}]
W & 24413 D= wioFste] B/get Ao, 4914 Bk
g uigde A= Aol ARSIt e R 2ot
A EAKRE:harvest Co., Ltd, Seoul, Korea)Z 5 Z-Fo} At
Balgict. maur Buko] 13w P8R BS Brkto] 4
o 3G WR7|oA 121°CoNH 4087 FAF F 40°CE
iste] HaA Axg WEstow A1gsteltt.

2.2 FFE HE

wizeh B2 A2E 99 S8 ool Sxstel 49 ]
Zukg 5 2 tjH] 0, 5, 10, 15%(w/w)E F7}ste] 2 33t
sttt of7]of BidE Fw-E AR ] 5%(viw) FEota
40°C9] §+-27|(Incubator, J-1008S, Jisico, Seoul, Korea)ol| 4] 48
AZE &< raste] Fig. 13} Zo] A=4-5 Axsiqlth A2
weak YA 54 7AZ(Freeze Dryer, llshinBioBase, Seoul,
Korea)s}1, Food Mixer (SHMF-3080SS, Hanil Electric Co.,
Ltd., Seoul, Korea)g AREolo] bhafgt & 30 mesh(Chung
Gye Indus., MFG Co., Seoul, Korea)Z A 25}ic}. @34t 4
=7 B2 _30°C deep freezer(MDF, Sanyo, Tokyo, Japan)
of HytstHs Aol ARE-SHIT
2.3 2HHEE 24

8 3RS £ HBA52A7)(FD-720, Kett, Tokyo, Japan)
2 olgslo] 2Relgion, 23R FFS ss0°C I}z
(F48000, TherrnolyneTM/Bamstead, Dubuque, IA, USA)E 0]
831o] APsshIoR Sgeloch xeue 4EFHY
AEA I KjeldahlHo]] @l microkjdeldahl X (BUCHI
Distillation unit K-350, Flawil, Switzerland)& AR&-5to] &%
sttt A SFFS 2 AHF A5-3Z7](Soxtec 2050, Foss,
Hoganas, Sweden)E 0]-&5}0] A& 59 A% diethyl ether
= FESto] SASIIT ©dkE (%) Alm AA
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Control 5%

Fig. 1. Cheonggukjang added with brewer’s spent grain.

Al 100%00A 2, 2AY, 23)&, 299 432 W ghez

3}oict.

24. pH & Mz 5F

pH 42 Al& 1 g& conical tubed] Y1l S5 20 mLE
Yol By & 5 A4 Bejsto] A4S JEAL pH meter
(Orion 3 star Benchtop, Thermo Orion, Beverly, MA, USA)
2 243519ty A5 M= AMAA(CM-3600D, Minolta,
Tokyo, Japan)E ©]-&5}o] Huntergh(L=8%, a=&AM T, b=3}
)0z HASHITE ojuf] ARSE B WA L, a ¥ bl
© 717} 93.20, 0.46, -1.130]Q.0.1, 153] ¥HEslo] WFT} &
FuAT e

2.5, 238 & FAEH gfEf &4

g SR Miller(1959)9] dinitrosalicylic acid(DNS)
o] wheh JFeton], Alas pHeF 22 W og AFs)
of ARgSHATh AlgHol A& 1 mLe} DNS AloF | mLE ¥
° % 100°Co)H 1087 8hS 5 Wzkekan 550 nmolH T3
(spectrophotometer, U-2900, Hitachi, Tokyo, Japan)E <75}
9ct. ol 3L FFL glucose(Sigma-Aldrich Co. Ltd., St.
Louis, MO, USAYS EZEJZ sto] 2H4a AHoznE
sto] Feleich

AR 2 Hiai 5(19760)9] WHo= SA5IA
250 mL AfZEEAT0] AR 10 g2 ¥ F 75 100 mLE
713 o2 100°C9] F24F(MaXturdy, DAIHAN Scientific
Co.. Wonju, Korea)olH 3A17F Bt 223151t} 228 A2
9N 100 Lol 8% vanillin 100 pL= 7}5}0] T33t T W40
A 15878 93 T, 72% H.SOs 1 mLE 7foto] 2
QAr}. TR 60°CollA] 2087} BFG A7) F L0 yizlet o}
< microplate reader(Epoch, BioTek instrumentt Inc., Winooski,
VT, USA)Z o}8lo] 544 nmolH FHE2 2si9lch 24
E P diosgening ALES}o] AL BEFAL o] gsiof

| 535

https://www.ekosfop.or.kr

10% 15%

AASIH O, ug diosgenin equivalents(DE)/g dry weightZ
ST,

2.6. Re[ofo/At 24

9 oAt £48 Alg= pHOF 22 WHOE 54
AlZ9] 0.2 N HCIS 7}5}0] 3515t & 0.45 L syringe filter=
oj1}sto] ARE5F O™, High Speed Amino Acid Analyzer
(LA8080 Amino SAYA, Hitachi High-Tech, Tokyo, Japan)=
otu| L ARS A5 TE ofu| AR ninhydrin BRSO 2 A
AlA 570 nm®} 440 nmoj| A £} 21, column O] 21
2<=A] column(4.6 mm IDx60 mm)S AMESIA T, A& ¢
FZ 20 pLo| e

2.7. gl BAE F55 HEX

A& 5 goll 80% ofhE 200 mLE ¥ol & 42 3, 60°C
9] shaking water bath(BS-11, JeioTech, Seoul, Korea)of|A]
150 PO 347 ot 2EFGATh. 2ZAL 11376 g
(Supra R22, Hanil, Gimpo, Korea)oj|A] ¥AE2|5t & of 1}z =
ofafelo] 2O AEAL et 3(N-1300, Eycla, Tokyo, Japan)
oI}, 5= FEE2 52 AX(Freeze Dryer, IlshinBioBase)
sto] A4 & AlFsto] Ao ARG

28 FEIME ¥ EeHEL0/E B3 24

ZZd 9% L2 Folind} Denis(1912)2] BFH-S #Es}to]
27519t gHAEshE 2&E0| Folin-ciocalteu’s phenol reagent
£ F7Ioto] 313t H Na,COs H713t 5748 S8sto] 725
ol FHES SHolGIc FE2uE WAL gallic acid
(Sigma-Aldrich Co)2 A/d3 #E JACRTEH Tk o}
4o, mg gallic acid equivalents(GAE)/g dry weightZ W&}
Weich

FETEo|E FHF2 Ohet Yoon(2017)9] ¥ o]-8&5
of 24519k A& 0.5 mLof| 10% aluminum nitrate®} 1 M

685



Quality properties of cheonggukjang containing brewer’s spent grain

potassium acetateS Z}Z} 0.1 mL, 80% ethanol 4.3 mLE 7}
Sto] E 5 ALLO|A] 4057+ WG AAL o]F 415 nmol
A BPES 24T T, 2ELOE PLL quercetin
(Sigma-Aldrich Co.)& ©]-8&5to] 2HJgt 1 JACEHE &
Akslo] 51901, mg quercetin equivalents(QE)/g dry weight
E e

2.9, gusl HY 55

2.9.1. DPPH 2iC|Zt AAS

22520] DPPH 2}t]Z 47]%-2 Kim¥} Yoon(2020)2] 1}
We Wil st 2 o AHe 59 o
DPPHE ©]-&sto] A&7} DPPH #HZE aAsk= A=E
24519 th. &5 200 pLe 0.2 mM DPPH €9 100 uLs
96-well plateo] F3}1 37°C YAA 3087 ¥HSAZl &
microplate reader(Epoch, BioTek instrumenrt Inc.)& AR85
o] 517 nmoJ A FF=E 57453t DPPH Stz 4752
ot o] Ao whet ALl oH, SHZS 50% Asfcte &
9l ICsowo2 Yehf ATt

. . . A—-B
DPPH radical scavenging activity (%) = (1 - T) x 100

A: Absorbance at 517 nm determined with test sample

B: Absorbance at 517 nm determined with dH,O instead
of DPPH

C: Absorbance at 517 nm determined with dH,O instead
of test sample

2.9.2. ABTS 2iC|Z AHs
2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS,
Sigma-Aldrich Co.) &FZ 42452 Kim¥} Yoon(2020)9] 1
WL o]&slo] 243513ty 7 mM ABTS} 2.45 mM potassium
persulfateS 5750l §-3fi5te] 12-14417F 52t Wehao] Bt
5la] ABTS cation radical(ABTS Y2 FAA|7] & 734 nmoj|A]

0.700+0.0029] 33 =7 HEE 80% ethanolZ 3]A5lo] AR
SH9EF. 96-well plateo] = ST Az 15 yLo SHAZ]
ABTS" 89 300 uLE H7Fotal, 637t §-SAI7l & microplate
reader(Epoch, BioTek, Instrument Inc.)Z 734 nmof|A] 3%
2 275150 ABTS T2 27452 ol2}e] 41 o}8si
Atstgon, s 50% Asfoh= = ICso 22 U
e it

ABTS radical scavenging activity (%) = (1 - %) x 100

A: Absorbance at 517 nm determined with test sample

B: Absorbance at 517 nm determined with dH,O instead
of ABTS

C: Absorbance at 517 nm determined with dH,O instead
of test sample

2.10. EAHx/2/

A AQRt HE AN 23 33] BHEo g £3H BHo
a #EHxE YeR o™, SPSS(ver. 27, SPSS Inc., Chicago,
IL, USA) BAZZ 1S o]-&5to] p<0.05 FFoA L]
X BARARS ANag, A8e B el £918 Hol
+ Duncan’s multiple range test2 755t

3. Zm ¥ 1Y

3.1. YEIEZE

WFEkS A7l AR =] ARt AES St 2
IH= Table 13} 2o}, EFS 0% F=740] 5.77%= {2
Aoz 7P wokow, 10% HIHL 527%, 5% FFAL
5.17%, 15% A24L 5.07% o] ot B uke H7ist 4
4 719 FYAQl Zfol= QAT £IE9 F2 10% H=
o] 6.83%E 71 =9k, 5% HARL 6.77%, 15% H=
A2 6.62%A0H, 0% H=A2 6.25%= 7Y Wokth A

o
N\
&

Table 1. Proximate composition (%) of cheonggukjang added with brewer’s spent grain

Addition ratio of BSG (%) Water Carbohydrate" Crude fat Crude protein Crude ash
0 5.77+0.129% 27.83+0.84"S 19.3241.25%9 40.83+:2.29M 6.25+0.05°
5 5.17+0.06° 28.42+1.14 19.23+0.76 40.41+0.91 6.77+0.13
10 5.27+0.06" 27.85+3.43 20.56+2.89 39.49+0.99 6.830.38"
15 5.07+0.15° 28.26+1.57 21.20+1.02 38.85+0.65 6.62+0.08%

UCarbohydrate = 100 - (water + crude ash + crude protein + crude fat).

DValues are mean+SD (n=3).

Values with different superscript letter in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

NS, not significant.
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of geke 19.2321.20% 7} A28 §94el XjolE o]
A] QRO 15% BFAol 21.20% e AR Hdte] &
ot} ZohulzAl 31eR2 38.85-40.83%F 0% F=-40] 40.83%
7V gkoml waue] Wrlepol S74a4E wude] g
& wlth. Yol of 37%2] THo] gHpElo] 9ow(da
Silva 5, 2011), W531] hald GRS OF 30%(Nyhan 5
2023), e} H7}o] e i Fege] At YR o
o] chug e Afolo] 7]Qlg Ao Bk}, A7k
w2 §919l Zfol QIgich. Park H2010)2 Hok: g
Az A AR Wheol 7SS Tl Sago] F4st
rhn BIste] B A7el SAtec

Y2tz SRk wa Hrlo] o8 okt Ftskgot
A71ego] HE $o149) ol Qg BooE st 5
7he o] ghpE dnlugRAcl AE20s 53} 2L
HARY SRR B W] 798 Aom wuwHtt
(Ikram 5, 2017). 0|449] Aol Hute] H7lo] e ey
A, A 9 e4srEe] fo14el Aol7} glo] wehe: H7iet
SRl JFgY dPHL §48 & 9L Aoz BeHt

3.2 pH % ME

wero] 7} Hlgo] we YA pHE} Al Table 2
o} 2tk pHi 741748 A2 7k o2l o= g13)
Ao, @F, AYFL H7HE BIL thzgo] wsto] pH
7huoton] 5% EL HolEHe Y 3L faIh &
o4 Hol7t YL, B2, 1|9 WK FRA pHE T
2] wjsto] Z7koks AL ol WHEe| SR Yt B2
Ao] pHE ThFFS & 4 At Yang 5, 2023).

H2go] Mg 243 AT, L 5% B4l 56372
7HY =9E0 ™, 10%(55.14) > 15%(54.89) > 0%(48.31)Z L}
ERdth g aghe 15%7} 3372 A1 B 2HEg0
™, 10%(3.08) > 5%(3.03) > 0%(2.92)%2 WpHr H7lgo]
52 aglo] §I202 Yobith FHUES trehl bge L

I} vRIAI R 5%(18.25)14 7HE EkoH, 15%(18.02) >
10%(17.43) > 0%(17.2DE 0% H=4<] gto] 78 woroy
10%2F §-2212 Afol= QIGTh BT £L2 Hrlsto] Axd
BT B H7HEY] dol S7HESE aglo] Sete] WiF
ghg 71 =T fARE 23 EIT Kim 5(1998)2 &
= A5 A= M) Bt g2 Lgto] 49.07, aglo] 6.65, b3k
o] 19.19211 Hustglrt s FFE9] Bt M=ot WFehe
7R =g 7te] Mg Hlwshd aglo] & Hi ol AlolE B
ot ol WEure] e ZMo] HF=Ato] Mof IS v
w70l Ao g WhEItNaibaho2}t Korzeniowska, 2021).

3.3 BES ¥ FAEH B

o] 7t vlgol WE Y4 BT U 2AEU
FHS Table 33} 2. BUY FFS 0% BFo| 4821
mg/g DWO.2 9202 714 ugrom, mzuto] ghago)] 1
245 BUYY FHe RAHOR Felg. oleid At
* Hong 5(2008)0] F43 BHAZ G7he 334 BT
S 24T Aot FAt BRY Frhol B B
of 3% F7He Wzeol] UE BAPY G g A

Table 3. Contents of reducing sugar and crude saponin of
cheonggukjang added with brewer’s spent grain

Addition ratio of Reducing sugar Crude saponin
BSG (%) (mg/g DW") (ng DE”/g DW)
0 48.21+0.63 218.89+2.58°

5 61.10£1.17° 226.24+0.93°

10 68.93+0.44° 228.32+0.60°

15 75.16£0.67° 232.52+1.13

YDW, dry weight.

YDE, diosgenin equivalents.

MValues are mean+SD (n=3).

“Values with different superscript letters (%) in the same column are
significantly different at p<0.05 by Duncan’s multiple range test.

Table 2. pH and Hunter color of cheonggukjang added with brewer’s spent grain

Addition ratio of BSG (%) pH Hunter color"

L a b
0 7.48+0.01°N 48.312.50%Y 2.9240.03¢ 17.21+0.88°
5 7.41£0.01 56.37+0.17° 3.03+0.03° 18.25+0.07*
10 7.45+0.00 55.14+0.16° 3.08+0.04° 17.43+0.06°
15 7.4240.00 54.89+0.15° 3.37+0.06" 18.02+0.06°

DColor was recorded as L, lightness; a, redness; b, yellowness.
IValues are mean+SD (pH, n=3; Hunter color, n=15).
NS, not significant.

Values with different superscript letters (%) in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

https://www.ekosfop.or.kr
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Al a-amylase, B-glucosidase ¥ cellulase®} Z-2 THFst £5.0
grsle BalEasl BAsEol uaste) waRy tues
BRR L ojgRE ROl feos met(le
2013; Zeng 5, 2021). LT B. subtilis7} G35} amylases
WAsto] 3o HRAE oz AWA|Y BYTE BU2
wte] 20T 042 F8UT Y2 BRES A7f5jo] 4
23 AzsonH 3R] 7134E ML 4 U
o= 7jdjdH.

uFehg Fhe AR TAEY TS st A7
o] HOAE ZJl5lAtt =, 15% P 232.52 ng DE/g
DW= 7} =39ko ™, 10% HF=+4to| 228.32 ug DE/g DW,
5% A2A0] 22624 g DE/g DW, 0% J240] 218.89 g
DE/g DW= YEMTh T AFZdE EFE 2ot AR
9] dFoE APEU9] AFL2 5% nRte g FFof wbA &
o7} oM (Han, 2011), Fayy 5 vlFES] 280 o)
71 steo] ZAE T Y H %9t Anderson} Wolf, 1995).
MinAlexander 5-(2023)2 AlZ7}gHANE Alxy TS
2749 A3, W 7129 AT TRE 329 myeo
WA 1.16 mg/gel BT RO BSrom, Ea FAIE 7]
OF 61%ol Sfkehe o uto] Ay a2 287}
54E AASHITE E3F Oh 5(2017)& Apzdo] wuko] 3=
2 7154 ARoln), WAE] mz Az PN Ak mr
P FEEONA =2 T Aol FhE ol vt B
Jr5tSiet. wheba] Wl 7 Ao w2 AR e
FHE] AR FHgof] 7]Q1%E Ao ' BZhEn, Wadks 47t
o2 H=Ao Al o SVHE 7IHE 5 S AeE
e

Rus

Y

O

3.4. R[0t0] 4t

HFge] 2] ofoliAl TS ZHT AT Table 4% 2
Aow F 18%F2] ofujicito] HEF I & opw|Ate] TeF
o 15% HAAo] 17,79542 pgle DWE 718 =9rom 0%
A=742 75 12,282.46 ng/g DWE 7P Wkt Hepotn| e
A9l B8 15% =730l 7P %W 5% =gl 7HE R*
2 FFS HYrh 7 ARHE fE oA AmET,
15% *=Aof| A= phenylalanine©] 3,037.67 ng/g DWZ 713+
=9toH, 1 20 = glutamic acid, tyrosine £9.2 =T}
ESE 0%2} 5% H=+o A= glutamic acid”} 2+ 2,320.10
ng/g DWe} 3,053.52 pg/g DW= 7} @o| g-5flom, ot
S 07 phenylalanine, tyrosine £2.2 =2 FS HA.
10% =L glutamic acid”} 3,003.26 pg/g DWE 71 =
Qkal, tyrosine, phenylalanine £C 2 §lgo] &=Qtt}. ojAiko] Ax}
oA = HZAo|A FEZOE glutamic acid, phenylalanine,
tyrosine®] $Fo] =3O H, o]i= Kim 5(2009a)°] K113t g4t
H2o] gelotlieAt 3t BT AT HATH Nyhan 5

688

(023 WFute] WrojulAle F e FFe] A
38%%5 AR5}, glutamic acid, proline, leucine 5°] &5-5}
otal B35k Connolly 5(2013)2 #Ho] A glutamine,
proline, leucine®] 7.19-24.73 g/100 gC.& FH51A &35 o]
Aokl B stk ESE, Zeng 5(2021)2 Bacillus velezensis
€ ol&sto] Wit wast 23, v]Eo] £H|E protease
7} @AsiElo] 7184 Bhie) gego] olRicka Hels)
o wjeb mizte] Arleo] E7ekeE & 92 ofulAl 9
Hoolu|Ate] gheo] 273 AL W] o fe) of
w]iedke] §9lk oftjeh(Arauzo 5, 2019), W} Tl Alo]
LRI 5 proteaseo]| 2] ofn|icAlo 2 EIE 7] WiEo
= dEch £ Wk F=gdol wol 9-f-E glutamic acid
= AWolA = e, Ak il AR 2E B4, 2500 9
YA 35, $FA%8A 243 HE 25 gdaom, /2 A
BlolA= TS 7HA A9 7]E4d0] Hofst= F83t ofr]
- A0 2 (Lengkidworraphiphat 5, 2021), @38ko] 27171 &
=49 71247 7158e FAE & U= ALE 7|HEH

oh)icAl & Tl Aol FoskA] QAT y-aminobutyric
acid(GABA), taurine, ornithine, arginine 53} Z-2 7|54 o}
0l ARS AUjofl A 4k}, w3tlA], el A HiE, 1 HE
a3 4159 24, Fugst oA 5 cieret 4ee o1 itk
webs ol2|et 7154 oAt 5 GABAS} taurine®] FgE
A5t GABA RS 15% F2AS 61045 pg/g DWE
Gold o7 714 &=9koH, 10% F=4o] 555.38 ug/g DWE
FHARE EAUTH GABAE AHAA 9] ] £3Est= v &g
T/39] 84 o iAto B HZo] EAfol= ABXAGEERE
753 HaE YYLHoR & FEA rkKim 5, 2021b).
Moon 520102 #Zuke] ZA5el Helo] 79 wol g
% GABA o] #0IA| 1L, Waters 5(2012) Wotz A3t
Hbo] =2 Tl GABAZE SH-R-E| It K arsto], W
HH9] & GABA o] H=749] GABA o] FF= =
Aoz wolth 999 3k 15% H=270] 213.98 ng/g
DW, 10% %270 183.73 ug/g DW, 5% F2&o] 170.75
ng/g DW, 0% =70] 86.23 pg/g DW= W3=H10] 475k
ojzdo Z7ac) BeUe B, Baje] ) ofuliwAt
oz o, o, 2824 9 AR AR AIIoIA g B
ofwlteAl % shfoln, AES 23, Zael ST} 92, T
A 2A, MRS, SFAEA 2 AETA 28 Y 59 9
&S SIt}(Terriente-Palacios®?} Castellari, 2022). °]AF9] A1}
o4 te 7o =M BepolulAlg Hl%sto] Tieret
754 ofsliAle] o] ERe 154 AFYS AZT &
e Aoz 7gigt}.

3.6, F52/20/E ¥ Eo/h= B3

WS WM 3FYY FEetRkolS U B P
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Table 4. Free amino acid content of cheonggukjang added with brewer’s spent grain (ng/g DW")

Amino acid Addition ratio of BSG (%)
0 5 10 15

Essential amino acid (EAA)
Histidine 597.67+0.182%) 516.09+0.16° 603.47+0.84° 775.55+0.95°
Isoleucine 477.74+0.79° 621.36+0.54° 659.64 £0.20° 830.74 +0.45°
Leucine 1,063.66+0.68° 1,036.73+1.53¢ 1,136.07 +0.83" 1,518.58+0.59°
Lysine 375.47+0.87° 338.33+1.38¢ 409.25+0.90° 531.10+0.89*
Methionine 672.63+0.59° 591.50+0.94° 742.83+0.35° 950.13+1.14*
Cystine 1,042.23+0.87° 936.85+0.76° 1,160.10£0.66" 1,231.61+0.54°

Phenylalanine

2,041.65+1.44°

Tyrosine 1,410.47+1.84°
Threonine 306.20+0.52¢
Valine 612.69+1.43¢

1,737.20+0.97¢
1,389.06+1.06°
310.81 +0.97°

706.12+1.89°

2,304.30+1.56"
1,778.67+0.76°
325.32+0.61°

727.28+1.17°

3,037.67+0.62°
2,247.17+0.95"
421.34 £1.02*

956.31£1.14 *

Non-essential amino acid

Alanine
Arginine
Aspartic acid

Glutamic acid

40.67+0.58°
323.46+1.48°
57.48+0.44°
2,320.10+0.72¢

123.800.86"
568.54:0.52°

A

3,053.52+0.57*

Glycine 25.45+0.62¢ 56.96+0.82¢

Serine 353.96+0.87° 348.78+0.59¢
Taurine 86.23+0.16° 170.75+0.59°
y-Aminobutyric acid 474.70+0.61° 389.26+1.01¢

140.65+0.57°
576.08+0.20°
67.7140.25°
3,003.26+1.53°
89.58+0.34°
423.59+0.49°
183.731.10°
555.38+0.64°

140.711.92°
705.39+1.32°
76.42+0.49"
2,924.76:+0.66°
86.70+1.04°
536.79+1.07°
213.98+0.84
610.45+0.80°

Total EAA

Total amino acid

8,600.40+1.45°

12,282.45+1.81¢

8,184.06+1.93¢

12,895.67+1.85°

9,846.94 +1.99°

14,886.93+1.10°

12,500.20+1.87*

17,795.42+1.46

YDW, dry weight.
DValues are meantSD (n=3).

Values with different superscript letters (*%) in the same row are significantly different at p<0.05 by Duncan’s multiple range test.

“not detected.

T2 Table 59 2ot EjHlE2 AEA YA E2=] 9=
AL A 5 SPUEEA] SHL o]49] St ERA7|9F BIRFE 1L
2lE 7HA 1 qlom ik} 53t 22 A 715 7L
At FEeEolE FF2 10% F=Aol|A 17.60 mg QE/go.
2 7 =94, 0% 2 15% A=A A 17.04 mg QE/gC =
7P Wokout AlRE Atoldl= F9AQl Afol= itk
Ao g o] iy F uidA FHQ EetElo|EE 1]
g0l FH|oh= TpdlkE ol aao] o3 Eofi= o] aglycone
o] Agxm, T3t IR A A otoS ¢ ¢ =2 TFY
aglyconeo] AJAE Tt B & QItk(Silva 5, 2011). WehA o
7ol A 1 2 A=) HayZ S5 aglyconeo] A4

https://www.ekosfop.or.kr

o, EF o]F A&o] WFEr A=7o] 7]
o ¥F= v Ao wH

15% A=27o] 35.48 mg GAE/gO & 7}
A=A YEREIL 10% F=+40] 33.39 mg GAE/g, 5% A=%
o] 31.60 mg GAE/g, 0% *=%0] 28.97 mg GAE/go] 3Tt
ko] Hrbgo] s FEYUE el 71 slle
g, o= X7 EAHE F7leto] A2t =] thRat H]
wsto] Euls o] =9H ZIH(Kim 5, 2009b)2} YA
S} t}. Imperial red ale¥} Belgian strong ale& A X3 & &
o % Bl vRue) Bl WS 24 A7 HE 10

mg GAE/g &&|H&o] S5 o] Q1 (Bravi 5, 2021), =
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Table 5. Total flavonoid and polyphenol contents of cheonggukjang
added with brewer’s spent grain

Addition ratio Total flavonoid Total polyphenol
of BSG (%) (mg QE"/g) (mg GAE”/g)

0 17.040.44°N9 28.97+0.59%

5 17.53+0.21 31.60+0.62°

10 17.60+0.12 33.39+0.91°

15 17.04+0.33 35.48+0.82°

YQE, quercetin equivalent.

IGAE, gallic acid equivalent.

Values are mean+SD (n=3).

“NS, not significant.

Values with different superscript letters (*9) in the same column are
significantly different at p<0.05 by Duncan’s multiple range test.

ZE H{U|E9 AT} Axeo=
acid®} p-coumaric acids7} &o| gk

(Stefanello -, 2018). watA] qﬂzf_@l-
A7Ae| el 9% Z7t] 9L v)F

JI—_Q = uﬂlar_ o]—E]:O]

o =2

3.6. gitsl 2Y

wzuhg A7le 3R] st BAS 2] 95
DPPH &tz 4275, ABTS &z A4S 245191, Z+
ZF 50%2] Asf %‘éa Hol= &l ICs& 7-519] Table 69]
UER Itk DPPH Stz £2459] ICs3 15% g7l
307.21 ug/mLE 7F Wokom, 10% H22H(385.70 ug/mL),
5% Z=73(409.56 pg/mL), 0% =173(440.67 pg/ml) 0=
O [Csp3kS AT ABTS )z AASoA T 15% (559.82
ug/mL) > 10%(629.00 pg/mL) > 5%(680.06 pg/mL) > 0%
(755.74 pg/mL)Z YERY DPPHE} 5UTH 23S YEith
e 959l HElofl+ ferulic acid, caffeic acids, syringic acid,
ot vls SkekEo] ehrElo] 3o

p-coumaric acidE B3 ThY

Table 6. Antioxidant activity of cheonggukjang added with
brewer’s spent grain

Addition ratio
of BSG (%)

IG5y value (pg/mL)

DPPH radical
scavenging activity

ABTS radical
scavenging activity

0 440.67+14.59 755.74+4.79°
5 409.56+7.03° 680.066.57°
10 385.70+£17.07° 629.00+4.08°
15 307.21+11.08° 559.82+2.44°

YValues are mean+SD (n=3).
DValues with different superscript letters (*9) in the same column are
significantly different at p<0.05 by Duncan’s multiple range test.
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), o33t JEE9] W2 o] Wutof| ZHFHth(McCarthy
. 2013). Carvalho 5(2016)2 W0] zjZ o] Helt wolz
AZEALY 2amo] ol g3t Bio] Z7kkeka wel
At EZL, Verni 51(2020)2 Wdko] Az o] ZgtE o] 9]
9 ferulic acidE H|5St phenolic acid7} &8 & A4S &
20f 9fsf fE|=o] 1 o] A F7HEUL, ol Sl A
Zuto] gaist Aol TfS 2 AAUL Belalglnt. o4
of FxolX WU Gaego] £ HAHo| RHOT e
ICso3tS UEHH o] 52 st SA4S 7oz 4, wW3dro]
P ARG A BHS £ 4 9SS ST,

4. Qo

B I7E AF JBRAEQ Uit H7le gejsl
AL ARSI Wt JRR] AR, A, pH, 75
43 % a3t B . B2 el v B
23] 2, Zehi, T
AUt Ae= HE (L) 5% 145511'0] =9, MHE(%I)t
15% A=3o], AT (bZhH= 5% F=2AT 15% F=230] =
shch R G 2L W k] BeE o
o] F7helol, W2 H7jol i) wkol 5718 % 912 A
o2 SIS, Berolulet 1 B oldte] P A
U A7 EHN FUKSHRIAL, EE F7golA glutamic
acid, phenylalanine, tyrosine2] $}&Fo] l—ﬂ?J:htﬂ E3] Zrdar
o] #oJdl= glutamic acid?] o] &=t FE}H Lo|=
o A2 7F 8914 zjo|7t gl9lor 2E el Wt
o] Flego] oEHon Sk AR TRIFS. s}
249© DPPH 2}z 2753} ABTS 22 2759 1Cqgt
= wizuke] A7)0 vz} a1t ol4ke] Aol 1
Futg WtonH 754D 7540l FHE AFLE A
23 1S Aoz 7|t

01:1
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