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Abstract

This study investigated the physicochemical characteristics and antioxidant activities of buckwheat soksungjang
and commercial doenjang. We analyzed moisture, total sugar, color, salinity, amino type nitrogen, amino acids,
and antioxidant activities. Buckwheat soksungjang had lower salinity content (7.444+0.10%) than commercial
doenjang (8.82-9.81%). The quercetin content of buckwheat soksungjang was 0.78+0.01 mg% while commer-
cial doenjang’s was 0.29-1.16 mg%. The DPPH and content of the total polyphenol of buckwheat soksungjang
(DPPH radical scavenging activity 62.21+£0.45% and total polyphenol content 447.51£14.61 mg%) and com-
mercial doenjang (DPPH radical scavenging activities: 44.07-68.50%; total polyphenol contents: 328.26-407.51

mg%) were both significant.
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gate] Alzxg wdEdge] oshsta] 54 9 st &
’d(Eom et al., 2013)5°] A2} Z-FA]Alx ik
o] & & v A F4E EAE Alud dFe jloh
2 AFoxe MaE g AlRE 459 o =

A

4 R Zsbse EA6k] HEEEE AF

|

2 AgoA AR WdEAFL Choi et al. (2011)9]
W02 A zste] dvfjEe wEEA S A5l A
O] =]

TH
Fo A% AF 2Ale] hYrEAA FYste] ALgsant,
2 Aol AL BE FE81 2 AR analytical ¥

Bucheon, Korea)Z ©]-&3F 105C AU71E AZHE ol &

sel BT,

cCt st =5

of
0
i
0

32 Dubois et al. (1956)2] ol wje} AAISHS T
AR 1gE THTE °l838t] 100mLE g-&3to] ALg
sttt sl E 89 2mLE test tubed] EIL 5%(V/vV)
phenol (Daejung Chemicals & Metals Co. Ltd., Siheung,
Korea) £ 1 mL2} 95% 3H:HDaejung Chemicals & Metals
Co. Ltd., Siheung, Korea) 5mLE 7} & 308 B3t 4=
of WFx|3l T E34 =4 (UV-2550, SHIMADZU, Kyoto,
Japan)E ©] &3t 470 nmol|A] SEEE SASIHH 1
E2-2 glucose (Sigma-Aldrich Co., St Louis, MO, USA)
0-500 mg/mLE 3]A st HFAS A § T TF
ArEFAT

o M

1z

= &3

AEE 54 petri-dishell &2 A 2}A|(Color 17, X-rite
Inc., Grand Rapids, MI, USA)= L (lightness), a (redness),
b (yellowness) &< =43t YeRATE o] of Ap&-gh
FF AT gk 7hzt 1=94.22, a=-0.21, b=2.76 ] AT}

AT 5

A& 5gS SHTE 108)(whv) 845t 2 7](Ultra-
turrax T25, IKA Laboretechnik Co., Staufen, Germany)=
FAsE F oA o Ao YRS Y YA
(PAL-ES3, Atago Co. Ltd., Tokyo, Japan)Z =73l %

Hpo] - A% - A7 - e - g

2 Yehisi

= Ao

olm]:=ef A4 =L Choi et al. (2011)8] WHS HE
sl A3t AR S0l S/FFE WOl 25mLE F&
slal R Bak-24=2(Wisebath WSB-30, DATHAN Scientific,
Seoul, Korea)oll A 150 rpm, 30% & FE3lo] A&
(10,000 rpm, 10%-) ¥ o ¥ (Whatman No. 2)3+ oj4-& 2
ol AL&-3FTE AR SmL, S/ formalin &2 (Daejung
chemicals & Metals Co. Ltd., Siheung, Korea) 10 mL, 5+
F 10mLE ¥ H]7 o] 05N NaOH (Daejung chemicals
& Metals Co. Ltd., Siheung, Korea)2 pH 8.4 2 wj7}x] 2]
AR FA)Y AR SmL, TFF 20mLE 22 H[A
0.5N NaOH (Daejung Chemicals & Metals Co. Ltd.,
Siheung, Korea)Z pH 8.4 2 w|7}x]2] &4 ZFB)E ©]L-3}

of ofeliel @ L AEAL.
o}m] = 8] & 22 (mg%) = (A — B) x 0.0007 x F x D x 100)/S

0.0007: 0.5 N NaOH 1 mLell 433l 222 (g)
F: 0.5 NaOH®] factor %t

D: 3Auj4

S: A& A H K (g)

olm =2t =4S 913l AccQ-Tagi(Noh et al.,, 2008)2
AR o ol it F=3HE 98] Waters AccQ-Tag
Ultra Derivatization kit (Waters, Milford, MA, USA)E A}
4319tk £249-& Waters ACQUITY UPLC system (Waters,
Milford, MA, USA)3 2.1x100 mm AccQ-Tag Ultra column
(Waters, Milford, MA, USA)S ©]&3}%3L ol gi&u=
AccQ-Tag Ultra Eluent A & B (Waters, Milford, MA, USA),
AZ 20°C, column 55°C, ZAZ7] 260 nm, F%-2 0.7 mL/
minZ kitol|A AA S gradients: o83t SIS TH &
F ov]Xx=4bS amino acid standard H (Thermo Fisher
Scientific Inc., Rockford, IL, USA)E ©] &3} ofn|=AikS
gl

Rutin 2 quercetin &2F &4

Rutin ¥ quercetin® Cho & Lee (2015)2] WhES W
ste] SA3A T AR 5gol 70% olEE(Avantor Perfor-
mance Materials Inc., Center Valley, PA, USA) 20 mL<
7¥staL 60°ColA 1A 250 5 & A4E7E °
43+ 10,000 rpm, 10+7F YA E2] 33Tl Whatman
No. 2 AHA|E o]-&3te] ARt NS 25 mL W =Fehs
=9 AE3}e] HPLC System (Agilent Technologies 1200
series, Agilent, Waldbronn, Germany)S ©]-83} &4
FATE Columne Capcell Pak C18 column (UG120 S-5,



Shiseido Co. Ltd., Tokyo, Japan)= 30°CollA #2935} 3L,
AE71 UV 350 nm, o] &3S A9 sl oz v
L/22H95:5, viv, A &7, Avantor Performance Materials
Inc., Center Valley, PA, USA) : /5B &)E 0.5mL/
min £ FHFJoH A EE 5uLE FYsAT A
FEFHPHS 20k Ay SRS o] &Sk, 19 Al
Y FETHES A S 27] 10%14 402744 70%
2 Z7MAHAL, 26 AF TR 408 o5 A &)
£ 5% ¢ 100%7F HEs ST/ AHT ZEEdEe
rutin % quercetin (Sigma-Aldrich Co., St Louis, MO,
USA)Z AHE-skSAT

DPPH dXE0 s =4

DPPH (1,1-diphenyl-2-picrylhydrazyl)ol] ¢]3F AAgo]%s
(electron donation ability) =742 Kim et al. (2015)¢] =
HE HYste] FH3IA T AIEE 80% of &F-2(Avantor
Performance Materials, Inc., Center Valley, PA, USA)°] 1
g20mLE 8JA3%F 898G A2 sl AlFZ 02mLel 0.15
mM DPPH (Sigma-Aldrich Co., St Louis, MO, USA) &
o 1mLE 7FetaL A2olx 3027 WEEAI F EE =
Al(UV-2550, SHIMADZU, Kyoto, Japan)Z ©]-&3}o] 525
nmoll A 2= FaAE S8 ol HAkEes

AE AT T AP FHE 2ol & AL,

Electron donating ability (%)
= (1 — (Abs. of sample/Abs. of control)) x 100

Total polyphenol &i2F &%

Total polyphenol &#<2 Kim et al. (2015)9] WHS H
gstel =4sA AlE FEE 02mLo] 1IN Folin-
Ciocalteu’s (Sigma-Aldrich Co., St Louis, MO, USA) 0.2
mL 7FSE F 9w AedA 387 g e F
2% Na,CO,; (Daejung Chemicals & Metals Co. Ltd,
Siheung, Korea) 2mL 7}3l3L 4 2 A204 3087
WREAIZ - 750 nmoll A 3 EE S50 EEEES
gallic acid (Sigma-Aldrich Co., St Louis, MO, USA)E 0-
500 mg/mL=E 31X 3t HAFME A4 F total polyphenol
S A=kl

SAXZ|

RE AP 33 o v At YA EFUAE
Uehf 2o, SPSS 5 A Z =13 (Version 12.0, SPSS
Inc., Chicago, IL, USA)S ©|&3le FAIX2] s, A
74X Duncan®] Y547 % (Duncan’s multiple range
test)S o|-&sto] zF AT 7k Fo &<l AkolE p<0.05
FolA A AT

1 A EFHEA 381
Ao g
T= g B, M
wEEAgd 9 AHEG 450 I R IS Table
13 7ok WUEdAL 5941+0.06%, AHEG 422
50.85-53.70%% WEE o] BRAEY o] B A

142

< AT F Ao AHEF 4% Jung & Roh
(2004)°] = FAKSE S-S BT Park et al. (1995)
o] AT Ay} fFe] FEFFS 'HE AT 40%HA2H,
4 INE T 50%HNE SI7HE AT B ol &
4 Y T N3 amylase 5o Tl o3 FEA =
o] F7tE 7] wWEolgtar shelth Hg, Jung et al.
(1994)¢] Bare] mEw 42 HF 7 e Axd
E AAS FF FEFH 547170 T2 Al 59 ¥
A AE F AF R AR Aol ofs dEpzithar
A=

= steke]l A= Table 19 YeERAATE WL &A%
2 152720.13%2 7 =2 F9 §FS Yepider
ANHABH 458 7.53-11.40%2 ZSHEATE Lee et al
(2000)2F Kim et al. (2004)2] A-ZA ] ostH Avked
o] 2 FTFL 6.0-12.73%=2 Histgon, B d7 A3}
o} FARHAl Yebgtth WE Ede] FF S 70% ©]
F(Lee et al,, 1991)C= wY&HFGL vl Az A WL
S 9517 w ol AlTE Al vis) wLEAg g F
Shefo]l =2 FloE FgHr
o] Mo AHjzte] 4 WUt 7|E F FA9 8%1o
2 v#9rkLee & Han, 2009). W ¥&A4 2 A ¥ %
470 3 Mo A= Table 294 Z2Th R &4
L,a 2 b %S 283440.14, 5.46+0.10 2 8.05+0.06
4 H A AIRHEG 459 L 72 25.96-34.18,
5.15-7.83, b < 6.56-12.230. 2 UERTH wEsE
Al gl vlal] HE(L)2t A% (a), S = (b)7t
o= U SAHENCH ol wEEHg o] Al
HlF] o2 AFAE 7hd Aoz AEch W
9 g A= Az Al 97 FF,

708 fESgol weh Aolvt Y Aoz

ofl M

S
2 24 o
& rlo ro U Lo

o2 oo ®

O:

o it

e b

fol oX oX (L
o 2

e
o

=
it ot

ny

N

Table 1. Content of moisture, total sugar and amino type
nitrogen of buckwheat soksungjang and factory-style doenjang

Moisture Total sugar ~ Amino type nitrogen
(%) (%) (mg)
BS" 59.41£0.06  15.27+0.13¢ 352.56+12.72°
FSDI 51.21+0.05" 11.40+0.28° 200.15+7.52°
FSD2 51.82+0.13°¢ 10.35+0.04% 289.63+18.39°
FSD3 53.70+0.06¢ 9.41+0.28° 303.01£10.06°
FSD4 50.85+0.28° 7.53+1.48" 663.77+31.96

YBS; Buckwheat Soksungjang, FSD; Factory-style doenjang.
IMeans+SD (n=3); Means with the same letter within a column are not
significantly different (»<0.05).
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Table 2. Hunter color value of buckwheat soksungjang and
factory-style doenjang

LD a b
BS? 28.34+0.14b” 5.46+0.10° 8.05+0.06°
FSD1 33.18+0.22¢ 6.35+0.13° 10.82+0.28¢
FSD2 34.18+0.86¢ 7.83+0.50¢ 12.2340.62°
FSD3 28.78+0.11° 5.88+0.16° 8.50+0.18°
FSD4 25.96+0.13* 5.15+0.31* 6.56+0.31°

L; Lightness, a; redness, b; yellowness

2BS; Buckwheat Soksungjang, FSD; Factory-style doenjang.

Means+SD (n=3); Means with the same letter within a column are not
significantly different (p<0.05).

A 2=
= 3 JOl A]J& %}OH H| 3
o‘jﬂ 7]. 149_ 74 R=4 L]_E]_Ll-q_ A= Uﬂ m_/::/d 75)]—% 1‘;_]-7] m-
g Aol7] widl Az Al LRk ARl vl dES AA
oy A|x35}7] wj#olt}h. Jung & Roh (2004)2] A-+4x}
of w2 AlFEAe] dEE 13.80-1820%% =4 l?iL
g 2 Aol Ax, A#Ege] dxr) 8.82-981% LE}
Wizlel A6 s Al dEge] drx ol 71 o=
Uelstth o8 s Ay Ade A 109 |7 F9A7%
SHolA g AHATFS EFe Ao] A kA o]&
Hedate] Alat %Ter«l A5t 2= ATk Kim et al.
(2016)2] Bare} vzt Aoz AyzbEh T WY &

mlo

1 FSD
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Fig. 1. Salinity content of buckwheat soksungjang and factory-
style doenjang. BS; Buckwheat Soksungjang, FSD; Factory-style
doenjang. Each value is the meantSD (n=3). Means with different
letters (a-c) above the bars are significantly different at p<0.05 by
Duncan’s multiple range test.

Qe 71 BAEG dErt W2 Wl S50 AHA
< Fshe &M EdEo] 231§ Qo Gt v
el AGA] Folf ol #et FUF ATE e T Fo=
Az

Ao HugRoz & =
A o] proteaseoﬂ ofef oprlizqto® Thpel o
T8k gro] A ET}. o= A e g 7| ko] A A3
uel AE&How Frbst B4 A4 9 F2 W g
ST ZIJE AH&-EThJun & Song, 2012). o} =B F A
SHFS Table 10 YERHIA O™ wd &g o] 352,56+
12.72 mg%, A ¥ o] 200.15-663.77 mg%= HEFSHTE
1 B4 T FSD4 ®74-2 ofn e ghefo] =4 U
Ebgted frElotm et g Al 5 MubE o2 FSDI-3
ol= g2 EAL et o) 989 wFA &

HE

>~

Al F

= Aol=, WFe] 4 Ay T ZpololA 7Ilgh
Ao g FZ2dt}t Park et al. (2000)2] A3t w2 Al
HAo] opm el A A SRS 207.6-443.5mg% HIE H
aEojglom. wEAggge] g opu| e Ad A FHge]
B At @R st 7MY Thed R
SAEE RS g & 5 AT

4ol tiEk frElobu| At o

< Table 33} 7t} WU E73e] T frejobw| it o
85.09+3.67 pmol/mLE WEFSEAL, Al ¥HE FSD1-3- 59.24-
81.16 umol/mL, FSD4E 165.26 pmol/mLZ YERT) WY
A7) frElotn At F glutamic acid7t 7MY B2
VEPR L ©}2-© =2 alanine, leucine 02 =7 F ]t}
Al BAF FSD19] frglobn| =42 glutamic acid7} 7Hg =
Sk leucine, proline =¢] 1t} FSD2X glutamic acid”}

7 =4 et e t2 22 leucine, glycerine 0]
3L, FSD32 MBS 43 o2 YEsTh FSD4
o] frglobu|=ake Jeucineo] 71 Al WERSEIL glutamic
acid, phenylalanine -2 Ueh} #B3 o] FFol ue} g
FrE obrgt Aol Apol7t oy ArH o=
glutamic acid®} leucine®] o] H2 ZASZ YRt
Jung & Roh (2004)°] A+ A3} @9 fopv| =ik
Az Al Fo] ARER-eF S5/, A5wE, a7t 4
Z710l wet frejotm)eqbe] A3 ghko]l thEA vEd:
AT BT RO R frefotn| ik vt A
Fof wal sweet amino acid (Gly, Ala, Ser, Thr, Pro),
MSG like amino acid (Asp, Glu), bitter amino acid (Val,
Met, Ile, Leu, Tyr, Phe, His, Arg), sulfurous amino acid
(Cys)¢t &t =2 22818 YE & lysine 522 7155
Shoh(Kim & Rhee, 1990). W@ &/ doAl MSG like

o o

o, 1

mlo
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Table 3. Free amino acid content of buckwheat soksungjang and factory-style doenjang (nmol/mL)

BSY FSDI FSD2 FSD3 FSD4

Ser 6.42+0.25% 4.51+0.08° 5.51£0.35° 5.74+0.17° 12.07+0.33¢
Arg 0.00+0.00* 1.13£0.05° 1.9240.19° 2.89+0.33¢ 11.90+0.65°
Gly 6.74+0.12°¢ 5.50+0.19° 7.00+0.58° 3.09+0.44* 9.94+0.63¢
Asp 4.91+0.33¢ 3.22+0.27° 3.89+0.33" 1.40+0.04° 9.50+1.13¢
Glu 16.87+0.95¢ 8.21+0.50° 12.93+0.86° 14.21+0.55° 18.44+1.06"
Thr 3.52+0.18¢ 2.18+0.04* 2.64+0.19° 3.04+0.09¢ 7.96+0.12°
Ala 8.02+0.44° 5.87+0.29* 6.65+0.44° 10.74+0.32¢ 13.04+0.32°
Pro 6.97+0.29° 6.03+0.12% 6.67+0.39° 5.71+£0.20° 10.34+0.42¢
Cys - - - - -

Lys 3.60+0.37° 4.01+£0.47* 4.33+£0.35* 5.55+0.28° 9.27+0.90°
Tyr 3.910.11° 1.37+0.21* 2.98+0.15° 1.79+0.30° 4.26£1.22°
Met - - - - 1.92+0.14

Val 5.86+0.29° 3.58+0.08" 4.55+£0.27° 5.69+0.18° 13.01£0.39¢
Ile 4.79+0.22¢ 2.68+0.06* 3.61£0.27° 4.23+0.16° 11.04+0.45¢
Leu 7.92+0.34° 6.92+0.13* 8.63+0.44° 10.48+0.37° 19.44+0.96"
Phe 5.53+0.09" 4.04+0.40° 5.20+0.26™ 6.60+0.69° 13.13£1.28¢
Total 85.09+3.67 59.24+1.36 76.53+4.83 81.17+2.82 165.26+3.27

YBS; Buckwheat Soksungjang, FSD; Factory-style doenjang.

IMeans+SD (n=3); Means with the same letter within a column are not significantly different (p<0.05).

amino acid?] oF&¥ER7lLky FFEEAFL 256%(21.78
umol/mL)Z A% ¥4 FSDI1-4¢] 16-22%9l Hls] 72wt
& W= obn)ieste] Hlgo] =t
Rutin 2 quercetin &2f

Rutine querceting aglyconeS-= 3} rutinose (rhamnose
+glucose)Z TAE 84 flavonoid == ITA #
3 X BAR o] &HE Aol Hurlo] gon FEo] oAt
842 Aol ruting A ) o] A el 2HE Asla

= 237 dth(Lee et al, 2005). Rutin 2 quercetm sheF

=
2 Table 4°] VERHQITE B Ao B3 2E A&
ol A rutin® =4 EA] %I quercetin S} %k% et by

o] 7% 0.78£0.01 mg%, AWATL] ¢ 0.29-1.16 mg%
2 UEITE Lee et al. (2005)2] 7ol w2d FAF 2

A=Y Fo) wLe] ntin §ol Pasks A4S B
o} 3 WAL vAE 25 BE A nutin s

ne =

o] &3] B EUAL querceting F7FeE & AT

Table 4. Quercetin content of buckwheat soksungjang and

factory-style doenjang (mg%)
Quercetin
BSY 0.78+0.01%2
FSD1 0.29+0.01*
FSD2 0.29+0.01*
FSD3 0.74+£0.01°
FSD4 1.16+0.09°

YBS; Buckwheat Soksungjang, FSD; Factory-style doenjang.
IMeans+SD (n=3); Means with the same letter within a column are not
significantly different (p<0.05).

Haglon o= ‘:’Vg%"ﬂ olgt EAER I3l quercetin
7HA] Bl E Zolet stk WiE F v g2 Foq A1) rutin
sheFe] 4 éﬁr(Cho & Lee, 2015)°] WEW rutin v
o] gt ofel A2 FoAE quercetin®

2 AT shch Mt 7Ur BE B AT

Aol L3 AFer yepsith. 35 WEdEg8-8 b
FoF mEEEge] sS4 B A7 WE rutin 2
geurcetin®] =410 I 8 sltha ATk
ghitsts

Gtaes A ollA AW =3t dov]e Al
EAEA GO A% S0 kst 9 w5l

A 2ge] drZ H{riE 4 Q) O w(Warner et al., 1987),
DPPH #3445 A159] flavonoids ¥ polyphenol’d &
2 Fol ek ikst 28] A Eepal & Ath(Hertog
et al, 1993). Lee et al. (2009)2] 51_101] nEE FE
o] &35k 2 Fo] ditsl a3 i Foll e s &
A2l tocopherol & 2] phenolic ac1d9]- AFAEY 54
34 F 48 I 7Ie S/ 59 Eafol ofa A4
oy oAl HEtelE AEE B 854 s}
Sl o3k Zlelgt &k WLEHAT ¢
DPPH 7}&-o%

S Table 59
t}. DPPH AAFo %

, total polyphenol &3

z_;ﬂ 7:1_.4. uﬂ 15: 1}0 6221+
0.45%, A TE S 44.07, 45.09, 53.01, 68.50%% L}EF:
t}. Jung & Roh (2004)¢] DPPH AA3ols A5 A3}
=R AL 67.24%, AlTHE ] 2931, 4137 2 53.45%=
Z8E A} fAR Ao E Uehd L, Aol wet F
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Table S. DPPH radical scavenging activity and total polyphenol
content of buckwheat soksungjang and factory-style doenjang

DPPH Total polyphenol
(%) (mg%)
BSY 62.21£0.45% 447.51+14.61¢
FSD1 45.09+2.86° 328.26+37.27%
FSD2 44.07+5.49* 394.46+3.64™
FSD3 53.01£1.26° 358.67+10.52%®
FSD4 68.50+1.89¢ 407.51+£24.08°

YBS; Buckwheat Soksungjang, FSD; Factory-style doenjang.
IMeans+SD (n=3); Means with the same letter within a column are not
significantly different (p<0.05).

Fol 3=, Alx Wy 59 Zpelol] wt vhE2A vehd A
olg} sttt WD &G AAtFolso] tiEe] Aldd
ol vlsf E=A vehd Ae wjho) 943 ¢itE BHE
o] X3te]o] gloj(Kwak et al., 2004) vﬂ Yo ghgo] =2

Uﬂ o) A‘:/H 7(}—0] DPPH yal ;(]_,:_oq__o]
Total polyphenol 3}3&E52 "ﬂ'%;%
}\}-il_xl—.g_ z]ﬂxkg_ 7k EE xl_g_ = o:]a{ a3Eo] 43

;q_xL_Q. ;(]X4 xL_Q_ tyrosmase?ﬂ OH xL_Q_ ul 6C]-}\ ﬁﬁxé%
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