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Quality Characteristics and Antioxidant Activity of Doenjang
Made from Lipoxygenase-Free Genotypes Soybeans
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ABSTRACT To evaluate processing suitability of lipoxygenase (LOX)-free genotype soybeans (Jinyang, 05C4 and
LS), quality characteristics and antioxidant activities of their Doenjang products were compared to those of Doenjang
made from Taekwang soybean (LOX-present) as the control. Moisture and crude protein contents of Doenjang were
significantly higher in LS than the control. Crude lipid content was not significantly different and was in the range
of 7.92~8.22% in all samples. Carbohydrate content was significantly lower in LS than Taekwang. Content of reducing
sugar in Doenjang was significantly higher in Jinyang than Taekwang. Contents of amino-type nitrogen were sig-
nificantly higher in LOX-free cultivars than Taekwang. Colors of 05C4 and LS Doenjang were not different compared
to that of Taekwang, whereas Jinyang Doenjang showed a noticeable color difference. Tackwang Doenjang had a
slightly stronger savory taste than another sample. LOX-free cultivars had a strong salty taste. Flavor was the strongest
in LS, whereas overall acceptability showed little difference among all samples. The total amino acid content was
slightly higher in Jinyang and 05C4 than Taekwang, and content of essential amino acids was higher in Doenjang
from LOX-free cultivars than Tackwang. Isoflavon content was significantly higher in Doenjang (522.16 ~684.46 ng/g)
made from LOX-free cultivars than in Tackwang (374.79 pg/g). Total phenol content was significantly higher in 05C4
and LS, and flavonoid content was significantly higher in LS than Taekwang. Antioxidant activities were highest
in Jinyang based on DPPH radical scavenging and reducing power. ABTS radical scavenging activity was significantly
higher in Doenjang made from LOX-free cultivars than Taekwang. These results suggest that Doenjang from LOX-free
cultivars could have a suitable genotype for Doenjang processing since it is more effective in terms of amino acids,

isoflavone contents, and antioxidant activity.
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of shalel npe FA4 Haksh wegel 3
(7). Wb LOX®) B333E 918 ofe] 744 el A
SR EER IR RIS

o Bl

o gkoiy, olegh &
Moz LOX7F 289 Fo &0 71 axad Wy
o& dHA . A A E LOX-1,2,3 ¥

LOX-2,30] A% Fo] FFstd vt 212m™(4,8,9), LOX
AT olgsty 54 A5 % e v glvk(10,11). ¥k
Hel| 25 54wl A LOXe] A9 ol W& o] 7} glrk
EHIE glek(4), LOX AFFE o83 FUE12), T
F-(13) 2 Al 73 14) Eﬂ F4 5oy Ae 714
ATFolA o]E 7HEES] 3
duk F 7hEEe vlE -

H o] 7154l vy oP l ‘5 ol tﬂra} AEd o
57} A7rE gl vjs) gt
M2 Q=7 S AL %l% FA o]t
AzZE A 7 Tl Ui gErr 2 AA o, ugt
A T aRREe 9y Eds |
T F4, bRt ofygl e H7F - S

- O o5
olol v 1EH el FEst Wasitha weEe, & AT
= oAgel wa FAel A4A 4P F 4+ Ax 94
a]lo]l du Fo FAolgk= HolA non-GMe =2 5354
LOX AfjF o A3 Axste] £4 54 2 kst 24
= Av FE) B8 vagto e LOX 23] |4
7heAA B 71Ed WrkE AR V1 2ARR 48 3t

o AAdstal 58t A non-GMO 2 FE
F3 ¥ LOX AP T-& Aol Axs0th 9=
198 LOX-1,2,3 A%, 05C49} LS+ LOX-2,3
A ZEo|H, 05C4= LS vl YA el defo] o Ex

o] th(15). h&T+ H3(LOX-1,2,3 present)S AH&314
om, 4F9 F& BT FAFo|r},

FN L)

=y 2 2589 MZ

W= Hwang 5 (14)9] WHiol we} Al zxsle] 80¢ 3t
WEA AL AEHACH, 1L &3 fel ol #T
W37 100 ¢ S5(3AE, 15%)E 1:1.5(w/v)e] H]&
2 B9 3 25°Cel| A 1507 £ A AT $4 HE
of F3] wAsske] ~40°Col Byta] T BAo) AL-g3)
gk,

uegE, 88, BHY 3 ouiky 2 FY

%koz ﬁwowu}

2 phenol-HzSO. 5 (17)el] w}a‘r B4 1 g& 100 mL
o] THFRE 2AIZE FF FEBle] AL o7 1 mLoﬂ 5%
Hix &9 1 mL, Z1%E gk 5 mLE A= 7fske] 303t
A2 L 470 nmoll A FFEE SHsAT &
A2 DNSH*(18)<>1] w2} 7)) o7 1 mLejl DNS A
°oF 3

ol
01

mLE H7tste] E3d oy 10% < FEsh
E AeoA] Wzs &
‘:}. 'ET ©
St. Louis, MO, USA)E o]&
of we} Akt

obu e A TS ¥ gl FF5 100 mLE 7}st
o 27t Ho FET F o3 of 9 20 mLE 0.1 N NaOH
gdloF pH 84F }_73 3o, T4 2299 9 20

550 nmol A &F=E 5433
2 gk et S glucose(Sigma-Aldrich Co.,
sto] 247k Ak i AP

O

€

— DO

mLE #7}stal 4] 0.1 N NaOH —%0 o2 pH 8.47F =
w742 A 7gste] ol H7FE NaOH Fo =58 A4kl
=3
M =

HAAo] AMz== MAA(CR 301, Minolta Co., Osaka,
Japan)E ARE-sto] 103] o 3wk S48kt W = (light-

ness)& YEHE Lk, A E(redness)E YEM = agkdd
FA = (yellowness)E UYEME bits S48t AR 719
AAAQ MAHAE)E AFE3titt. o)W F+ A2ko] Lk
96.03, agk= 0.79, bzt 0.629 .

fge] sy 4EGGe s g ety 209
Wdow shel e Az, TG %, AR, Gl 2
A = Sii_gu:], o]

FAOO| LA K2t

A7 Aok AS AR 0.5 goﬂ 6 N HCI 3 mLZ
7Vetar AAa7tAE TR SXAZ F 110+1°CY) heating
blockol Al 2443t 7k 8l ate] o] gk v ] d 2 F

Zhe=712 A A A ©] = pH 2.2 sodium citrate 9
&Aooz F4ste] HF F¥E 10 mLE dH3len, 0.2
um syringe filter @ sep-pak Cis cartridgesol] E3A]71
% o] =4t AFE 4] 7] (Amino acid analyzer 835, Hita-
chi, Tokyo, Japan)Z &3} ).
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A 1 goll 80% Mg 20 mLE 7}8ke] 3083 &3
S AAEE(12,000%g, 10 min) 3te] 4& AFAL 0
um syringe filter® o331 HPLC(Agilent Technolo-
gies 6890N, Palo Alto, CA, USA)& o] AZ#H-S EA5)
&tk YMC Cig(5 pm, 4.6x250 mm) Z5 2 254 nmol| A
UV-detectorE AF&3F1 o, o] 54 &2 0.1% acetic
acid(A)9} 0.1% acetic acid/acetonitrile(B)& AF-&3}¢]
0~5%(10—20%, B), 5~70%(20—70%, B), 70~72%(70
—98%, B), 72~80%-(98%, B)2] Z7 A A5kqltt. o
o F45< 0.8 mL/min, A& FYHFL 20 uLE sttt &
542 daidzein, genistein, daidzin, genistin ¥ glys-
tin(Sigma-Aldrich Co.)& A}&3}12™, dimethylsulf-
oxide(DMSO)el &3flsted HPLC chromatogram®l Al re-
tention time(RT)2] ¥l 2 A3t o] AZeli ke

peak area®] AZA 9 RTEE N & 1+ ALt o3l At

£ oz ¥ EgtEL0|E M

F vE g% @79 80% vEe FEE°| Folin-
Ciocalteu(Sigma-Aldrich Co.) A% ¥ 10% NaxCO3 £}
S TFOR TS O A9 oA 117 HhSATA
760 nmell Al FFEE F743}9 caffeic acid(Sigma-Al-
drich Co.ell 93t & Ao &R TH19). T &
ghE o= R wg
nitrate 0.1 mL, 1 M potassium acetate 0.1 mL % etha-
nol 4.3 mLE At&l = 7}ste] 4087 ¥-3-A1# 415 nmell 4]
FrE =439 Quercetin(Sigma-Aldrich Co.)oll ¢
X7 HEAoR2RY FHREoE %S AEAY

(20).

FZE 1 mLol 10% aluminum

rol moh

]

At B &

DPPH(1,1-diphenyl-2-picrylhydrazyl) 2tc]z AHA &
3 5 mg%®] DPPH el FFo] A 2s Etste] A&

0

oAl 103 HEAIZI & 517 nmoll A FF=E S48t
(21). ABTSI[2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonate)] 2t &4 &S 7 mM ABTS &9l po-
tassium persulfate’} 2.4 mMo| HE5 &3|A]AH YIai
ol A 12413 o] WHEAIZ) T 415 nmoll A F3 =7 1.5
7 HEE SHTE 4% S ABTS 7148 Q02 ARE
shitk. 71289 100 pLoll A= K& 7hate] Aol 4 53t
EREEAIA 415 nmol A FF=E SABHATH22). FRAP
(ferric-reducing antioxidant potentia) ¥l 2|3 $+¢]
< Benzie9} Strain(23)2] ®Wwlol] whal Az 7] A8
100 pL, Al& 9 2 S57F 40 pLE E535Fe] 37°CellA 4
ZF 9 AIA 593 nmellA FFEE S o, xFEFES

E FeSO04-7TH0°l o3 3oz ig Atsiqint.

o ML J

SHE2AM

HHE A3 S Falo] 4
Chicago, IL, USA)& AHg-she] 424 ki, d3s
Ha+ R TAAZ JeER AT 4 Aol st feo)Ad 7
e TS & F /X005 FEolA

ple range testE A9t}

)

uncan's multi—

= =< =
EZEo| stst M2
Avk F(Ed) 2 LOX AT (X1, 05C4 % LS)o =
FE AF3E] 15097 SAAAZ] $ AW 29, e
9 oln| ] A S FA%E A= Table 17 2.
B 3o 59.72~61.12%% LS ®©Ao] fo% o7 =9k
H, 21 2 05C4 A2 83 BF7 fFAE Kol
Atk 3 e BE fFolA 10% ol 24

B30 Moo &2 (o 4 off K
e
o

w0 2
uo{l L FUE,

o

7

Ge By Bl e 1S Bl frelHow
F 2 05C4 BFE FARE RolH gtk B
o zgu dar) e 4goR LS fgol

Table 1. Changes of proximate composition, total sugar, reducing sugar, and amino type nitrogen contents in Doenjang made from

the lipoxygenase-free genotype soybeans

Taekwang Jinyang 05C4 LS
Moisture (%) 60.08+0.23" 59.72+0.39" 59.99+0.34° 61.12+0.17°
Ash (%) 10.68+0.40" 10.11+0.08" 10.19+0.18" 10.39+0.08™
Crude lipid (%) 7.94+0.15™° 8.13+0.71 7.9240.05 8.22+0.27
Crude protein (%) 15.55+1.66™ 14.19+1.23° 16.78+0.62" 20.57+1.23°
Carbohydrate (%) 5.75+1.91™ 7.86+1.48° 5.12+0.69° 0.76+0.35"
Total sugar (%) 3.00+0.02™° 3.07+£0.07 2.99+0.02 3.01+0.08
Reducing sugar (mg/g) 5.38+0.04° 5.68+0.05° 5.13+0.05" 5.35+0.03"
Amino type nitrogen (%) 1.26+0.09" 1.56+0.01° 1.45+0.01° 1.61+0.14

All values are meantSD (n=3).

Means with different letters (a-d) in the same row are significantly different at P<0.05 by Duncan's multiple range test.

NS: not significant.
Carbohydrate=100 — (moisture+ash+crude lipid+crude protein).

Taekwang, LOX-1,2,3 present; Jinyang, LOX-1,2,3 free; 05C4 and LS, LOX-2,3 free genotype.
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7] Wizl vrebd AeiA Rl Aabet Abs A el EE
A, 29, AF 9 FHo Axd Ao Y98 F, WF EEo M
g =AY 9 2dwd s vjas] B A8 T Bd ¥4 9 LOX 293 949 AxE vud 2
< e 3 AEFA 7 wskoy d8L e B dd Table 29} 2t} WX=(L)= Bd g7dol] nls) LOX A F2
el Edvhal Harso] du F3 wdo] dvdd 3 2 AEF A oA o® kil AME(a)= FolAt
ol gk Aol A A= erhar BiarE o] JThG5). 7 llon, (b)) B el vls) 11 © el A
LS "] =i o] ofe} Aol B8 fFrolHos £ ol o gokoyt 1 9 AR FoakE KolA] okt
AL LSFe FF&0] B Aol Hla] FoAo= =37 ol AA=el AMA(AE)E NBS(National Bureau of
o), T3 LS f7de] e sheko] Bl AR H] 3 Standards)®] 7]=ell Al A7} 3.0 mlvkd - 2kol 7} gl
fre]ldow Fokort LOX A9 vhild Fafel= om 3.0~6.0 Y W @AZ Aoleh= Hi(34)® B
o)A Q1 Afol 7} YN L(27), ¥ A A¥= 7] Ba(5) B 945 02 a3l W 05C4 2 LS #42 1.19
FAREE ol Adek. ek g Alx % 4 8, F5 ~1.369] 9= Apol7} flom, g gl vis) X B
&, w50 Fi e ol wet 28] 8 el Aols = FEHR AAkE Hols Al w yEbsth
Holn, o] ¥4 T YT A FFel = 9FS o] s vF 8l @] 54 34 F amino-car-
TFOE @3% 98 Fo Aol XA = BE AR bonyl ¥Hg A XS] zfo] W)™ (2), HFollA HME Y
RS FAET} FSFE5 @M E AT IS Bdvr B
@] #dd FF2 54 A4 T amylased] 2] 15o] JTH5). B AFelA A @3- Yot =}
S7he A o] l=dl(28), Ul wa V) B e gl vlal ol em sgol ofeke] ®Adel Hla g
ol om Aol Mg mel A &Aoo R Ay = Aoz HriEAs, ol M @3] =i ohakol
AN Aoz deA rH29). $-2utet 7 X oA %4 e g gl vl k7] Wil (Table 1) W] 4 74
T 1~3d Etell AlaEa ol= s g g ok oA Zwnkgo] HA PAE Aow FHHTH
41.23~122.37 mg/gl.2 &4 7|7k & FHAdL gl
© Bazk Avk30). whdel] w2 wE 45Ul F3t
Table 2. Hunter's color values in Doenjang made from the lipoxygenase-free genotype soybeans
Taekwang Jinyang 05C4 LS

L 30.67+0.49° 34.26+0.11° 31.34x0.14° 31.50+0.33"

a 11.120.48™ 11.74+0.53 11.300.39 11.28+0.56

b 21.59+0.56" 25.35+0.41° 22.69+0.93" 22.79+0.99"

AE 0.00+0.00 5.08+0.06" 1.19+0.99" 1.36+1.23"

All values are mean+SD (n=3).

Means with different letters (a-c) in the same row are significantly different at P<0.05 by Duncan's multiple range test.

NS: not significant.
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Overall acceptability
5

Flavor

Salty taste

‘ """" Taekwang - Jinyang ——05C4 ----LS ‘

Fig. 1. Sensory evaluation in Doenjang made from the lipoxygen-
ase-free genotype soybeans.

AAH Ao BF fgell A vha vHA Frte

[ ]
AR R |
A VIS5 B ®FelA 3.001% e LOX A48T A%
5]
=

EERSMY

2 3.1~3.39 M= 1 zfo]l nw|ElgiTh
LOX A go Azxe A 1+ F4 54 A7lA
2k 1o AA A N EEIF B9k, o9 e A=

AlB % aspartic acid®} glutamic acid®] $FaFo] E} A8
HlE] ¥53] =9d Aol Ao v HOE HilEo]
AH(14). B AFdA @G aspartic acide} glutamic
acid®] =2 g ®do] oha dpont, 28y Fgt
She B Fgel A tha A HUbE Y] A7) Baeke Aol
gk Axgivh, =gk w7 e Auke LOX 23T 8%
1A ok A F7rE e, 239 v gE g 2 1k
BA A Auro] ApE An|ALY] 7SR ETE B
I(30)T & AT} AR Adate) A EY gSo] F Al
#9] - = LOX-1,2,39] linoleic acidt} linolenic acid

2

o] Aksuk-gol] #ofste] S 3 EAS AT
ol LOX &40 Wd FElA 3 529 Aol
Zodthes % JrH35).

olgjgt A7Z 10X 2T B2 7154 SHA H%
HAY AE HolxE ¥oy} LOX Ad wa v
Fagats slo] gul7) 923 Aoz ey =ul e
o] i

O:

lo & ofg

BB
e

oo T

ro

2,

FEQ o= AchH

Tdoto| A S

HFF 9 LOX 2FF o2 AxH "o FAolr] =
b sheF2 Table 37 2t} & 1759 opv|ito] A&
© ™, glutamic acid’} 871.44~1,038.55 mg/100 go.& 7}
& okttt F obvst s Efg "] vE] g H
05C4 FgelA thax wRom, ol =ik e €%
of vld] 3% LOX AqT HFdA A AFHJo
Z ofu| = Abel] tigk Fgrotu| At vl &S 1 9 LS ¥

=z 1

9k =9k}, W] 7 ke el 3t aspartic acid®t glu-

Table 3. Composition amino acids contents in Doenjang made from the lipoxygenase-free genotype soybeans (mg/100 g)
Taekwang Jinyang 05C4 LS

Aspartic acid 611.48 571.40 655.81 623.84
Threonine” 190.02 198.88 123.15 243.40
Serine 133.09 153.20 137.93 141.76
Glutamic acid 871.44 1,038.55 1,013.52 886.11
Proline 334.44 347.72 359.84 288.69
Glycine 229.88 238.67 214.36 196.19
Alanine 371.59 365.65 333.55 321.09
Cystine 46.06 59.43 64.72 52.38
Valine” 292.41 307.47 294.50 260.65
Methionine 86.09 74.03 79.83 65.95
Isoleucine” 259.16 274.86 242.17 306.77
Leucine 417.83 435.87 432.11 502.89
Tyrosine 205.36 191.74 208.23 170.09
Phenylalanine” 283.51 302.48 308.10 264.04
Histidine 110.17 136.39 127.34 92.78
Lysine’ 337.58 439.62 402.95 322.49
Arginine 113.90 136.02 128.88 113.43
Essential amino acid’ 1,976.77 2,169.60 2,010.15 2,058.97
(% to total amino acid) (40.4) (41.2) (39.2) (42.4)
Aspartic acid+glutamic acid 1,482.92 1,609.95 1,669.33 1,509.95
(% to total amino acid)) (30.3) (30.5) (32.6) (31.1)

Total 4,894.01 5,271.98 5,126.99 4,852.55
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Table 4. Isoflavone contents in Doenjang made from the lipoxygenase-free genotype soybeans (ng/g)
Tackwang Jinyang 05C4 LS

Daidzin 58.75+0.57° 62.41+1.32° 37.35+0.51° 85.3740.21¢
Glycitin 20.61+0.64° 24.95+0.45° 12.75+0.26" 17.400.49"
Genistin 23.28+0.84" 33.11%1.22° 29.00+0.44 48.35+0.94°
Malonyl-daidzin 11.74+0.50" 14.08+0.47° 11.34+0.40" 26.55+0.10°
Malonyl-genistin 6.44+0.26" 20.32+0.34° 18.70+0.26° 15.83+0.26"
Daidzein 129.47+0.68" 267.46+0.28° 194.49+0.13" 267.35+0.05°
Genistein 124.51+1.41° 262.14+11.75° 217.67+0.92° 180.36:0.73°

Total 374.79+1.87°

684.46+11.58°

522.16+2.30° 641.22+0.99°

All values are mean+SD (n=3).

Means with different letters (a-d) in the same row are significantly different at P<0.05 by Duncan's multiple range test.

3 £3] glutamic
ac1d91 %P%Ol ﬁfz} 2L o C4 Aol A *‘% 8] Fol A Ol
F&ggol upg} o5 B o] ¢ 2
LOX AT o2 AxT Al 132

2 A A M =S ol
9 CI#1 T2 Ax3 +4e
U Bz givk(14). 2 A
F ofm|ial ghgko] 3. 81%315}{— H31(32)e] vl = o
A E2 oo, AF 14 13.89~16.46%
& z‘sl—aho] q. o]g}
—?OM T, wgH]
F7F T ==

= Ban26)el mlsiA =
#ol A AFe FE 48 T
&, W5 UM, 54 23 5o udd
Aow Azt

ol ®ge] oAt ghega} e ARe] kAol
Ao A 2| AdEe] 25.97%, Aw] Adite] 17.84% B%= %
el grol grojsnh, 19 v, av] B4k g2 10%
miRto 2 Aol ghell tigk 7]l vt shekths wavth sl
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Table 5. Total phenol and flavonoid contents in Doenjang made
from the lipoxygenase-free genotype soybeans

Total phenol Flavonoid
(mg caffeic acid/g (mg quercetin/g
extract) extract)
Tackwang 11.710.04* 1.62+0.05"
Jinyang 11.64+0.05° 1.32+0.11°
05C4 13.28+0.15° 1.73£0.09"
LS 12.42+0.19° 2.45+0.09°

All values are meantSD (n=3).
Means with different letters (a-c) in the same column are sig-
nificantly different at P<0.05 by Duncan's multiple range test.
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Table 6. Antioxidant activities in Doenjang made from the lipoxygenase-free genotype soybeans

(ng/mL)

DPPH radical scavenging"

ABTS radical scavengingl)

Reducing power by FRAP?

Taekwang 1,382.55+73.07°
Jinyang 1,311.90+80.62°
05C4 1,511.28+51.59"
LS 1,840.23+£106.78°

1,047.56+57.66°

944.95+33.79°
1,260.14+22.62°
1,520.98+45.39¢

410.90+13.55°
312.23+38.76°
240.57+23.64°
316.89+18.78°

All values are mean+SD (n=5).

Means with different letters (a-d) in the same column are significantly different at P<0.05 by Duncan's multiple range test.
DEffective concentration values (ECso%, ng/mL) of sample were calculated from the regression lines using four different concentrations
(250, 500, 1,000, and 2,000 pg/mL), and their data were presented as 50% scavenging activity to DPPH and ABTS radical.
2)Reducing power by FRAP (ECso,m, pg/mL) was presented by the sample concentration to 50 pM of FeSO4 as standard.
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