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Physicochemical Characteristics and Antioxidative Effects of Barley
Soybean Paste (Doenjang) Containing Kelp Extracts
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ABSTRACT This study evaluated the quality characteristics and antioxidant activities of barley Doenjang (soybean
paste) containing various contents (4, 12, and 20%) of kelp extracts. After 60 days of fermentation, pH, acidity, and
viscosity of Doenjang were 5.80~6.86, 0.57~1.87%, and 4,913.3~9,333.3 cps, respectively, showing significant differ-
ences according to content of kelp extracts. Amino-type nitrogen contents was 902.60~921.90 mg%. For color values,
L and b values increased significantly (P<0.001), whereas a value decreased slightly according to kelp extracts. DPPH
radical scavenging effect (ICsp) for butylated hydroxyanisole ranged from 10.28 mg/mL to 23.23 mg/mL. DPPH radical
scavenging effects of control was highest among the samples. The total polyphenol and flavonoid contents were 12.72 ~
16.37 mg tannic acid equivalence/g, and 0.98~1.56 ug rutin equivalence/g, respectively. Initial counts of total bacteria
and lactic acid bacteria were 7.20~7.57 log CFU/g, and 4.20~4.71 log CFU/g respectively, showing significant differ-
ence according treatment and fermentation (P<0.05). In the sensory evaluation, 20% kelp extract Doenjang (5.6) showed
higher overall acceptability than other samples (6.5) (P<0.01). Especially, umami taste (6.1) and texture (6.4) of 20%
kelp extract Doenjang were higher than those of control (P<0.05). These results suggest that Doenjang containing

kelp extracts, will be good for industrial fields.
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A= M=

U T& 4EE st AP o R 2013 At
HFE Hete A qea] Fujste] |4 Az A&
75 Wl Z U4k A A9 (Shinan, Korea)S 17% &7
of AZre] &dg wFE Yol 45U%t ot ellA] /g4l

Mo o

Traditional Meju

1st Fermentation

Mixing with salt and water

Table 1. Formula for barley Doenjang added with various kelp
extracts

Treatment (g)"

Sample (¢) Con 4%  12%  20%

Meju Solid 1,440 1,440 1,440 1,440
Liquid (Ganjang) 500 400 200 0
Boiled barley 300 300 300 300
Boiled soybean 200 200 200 200
Salt 110 110 110 110
Kelp extract 0 100 300 500
Total 2,550 2,550 2,550 2,550

UCon: Control, barley soybean paste without kelp water extracts,
4%: barley soybean paste added with 4% kelp water extracts,
12%: barley soybean paste added with 12% of kelp water ex-
tracts, 20%: barley soybean paste added with 20% of kelp wa-
ter extracts.

70 5 MA o} A RS FEstolth A FES FofA
Hgow wtea AR G2 AgrE 93-S AlxskA v
(Fig. D, 1+4& A=A o @gvhs Azss 495 1t
T AL Wu B3 g o] SFtrhal B gk
@27). oA AEA oz Aefzl @] Bty chalwt
FEES Table 17} 22 w2 A|x3le] olelo] Yo
60UZF BEA7|HA HFE At Ak A ¢
Eakg o] g3kl om ou ARG ThAln} FE L ThA|ut
600 g 1,000 mLoll & Yo 2083t 7hdste] ARS8l
pHt ME

Al FE2ES H7Ee BElEd o] pHet AAEE A s
1 g& 7 60 mLE ¥o] &3] ¢33 5 Aa=
o] 8319l em pHi= pH ®E7|(version 1.1.0, Mettler
Toledo T50, Greifensee, Switzerland) %, A=+ A= 7|
(Mettler Toledo TE50)Z &3} 24 Aol o A5 7
Aot o T2l 9t AstE ez FEiT) ol
AEE Akt AR E 7)o R AL ATHES).
0.9%0.1 N NaOH (mL)xXF

Alze] FA(g)

F: factor of 0.1 N NaOH

A (%)=

‘ Fermentation for 45 days

’ Separating
Solid
\
Mixing with various

2nd Fermentation .
materials

(for 60 days)

Doenjang
(Soybean paste)

Liquid

Boiling

Ganjang
(Soy sauce)

Fig. 1. Manufacture processing of traditional
Doenjang.
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ThAlmp 2EE0] M7kl wet Helego] ofn e &
2 545 AdlA olved A FH7](version 1.1.0,
Mettler Toledo T50)& o]&3lo] A|REE °F 0.2 g¥ AA
| v A Hol FHFE 60 mL7FA 3X3 F 238 =3

SFATH29).
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Ao R AlRE 10 g& 33 F Hid 0.85% saline
goalo=z 108 3]Aslo] stomacher(Bagmixer R400,
Interscience, Saint Nom, France)& & 3}3F 3 ¢ 3]
Aate] APs AA AT AlE LA F 7} A A ]
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mLE £33} pouring culture method2 AZ3% o1& &
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forming unit(CFU/g) 2.2 F A3 th AF&-3F v R = &
Z=& plate count agar(Difco, Detroit, ML, USA), & r-&
MRS agar(Difco)o] 21t}
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1" Pro, Brookfield Engineering Laboratories, Middle-
boro, MA, USA)E o] &3l A5E H A 50 g4 o}
Z4 39t} Brookfield H=A2 o]-g3to] o]7]el spindle
No. 6(Brookfield Engineering Laboratories)2 2] %
=5 334 SAHEATH30).

M

A= B33=A7(Chroma meter CR-400, Minolta,
Tokyo, Japan)& Ab&stel WxEE Yetl= L ghdig-
htness), M E5F YElU= a #h(redness), FAEE e}
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760 nmolA UV/Vis spectrophotometer(Libra S22,
Biochrom, Cambridge, UK)Z A3} th. A4S tan-
nic acid(TA)E 75% EtOHe| ZojA] 919} 22 WhHos
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FHHe R st I Y(mg TAE/g)S 3kt YERAT

ZEtH o= ke AOAC(33)9] WS AN s}
o] Choe(34)9] el o3 SA3It) F52 919 Wy
7 FdslH FEH W AIRE 5l 3A45te] 100 mLel
90% diethylene glycol 0.9 mLE Yil &3t} o 7]
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Fig. 2. pH and acidity of barley Doenjang added with kelp
extracts. Means with the different letters (a-c) are significantly
different depending on the ratio of kelp extracts. Means with
the different letters (A-E) are significantly different depending
on the fermented period.

SAXzZ|

HE AR 33] o) v AAlstelom 1 AdE SPSS
3 2 73 (Statistics Package for the Social Science,
Ver. 12.0 for Window, SPSS Inc., Chicago, IL, USA)o. &
AT A5 I F94 AAL one-way ANOVAS}H
two-way ANOVAE o]&35lo] B39 o X0.05 =+
oA Duncan's multiple range testE AAlslo] Z+ 9]
o3} #AS AT
Znt o
pHe} A=

et 3258 3713 Belede] pHe A== Fig.
2o YEPIITE. 27] tlE7t9) pHE 6.860] A3 thAjw}
FE= 79 pHE 6.84~6.76 0.2 WEFRT A%7|3E
o] Z7Fetell whet ZHashs s vEhlow 53] 309l
ApaA iz o] pH7F 6.25% AA A Akl o

v FEE 7R B3 Aol Al whet Fadte]
A7 304 6.38~6.41 o2 FAasFATHXO0.05).

>

9 Az FARE xwe] A 0.64%%5 A
o) AbE 0.61~0.58% H.Hi frol o Grob th(X
0.05). Ag713kel] wh& 4hw= A= pHob= b A9E

HAom A4 30¢A 1. 2~1 6% o2 AA STk
B el e v Fy 27] 9% Sl 53
A E ] thAE Ag o' frr]te] S7HE Y] Wl Ha

7R FAkshe Ao A,

obol i EA

TAR FERS geldtel AxE Hel 9 o]y
Anol g FAT A7HE Table 201 vehh et ofv]
wel A 4o A% Fol TG %2 Ul BE AR
& ehiie BE /1F0 ofuledte] FARS 99k,

Table 2. Amino-type nitrogen (NH>-N) of barley Doenjang add-
ed with kelp extracts after storage at 60 days

1 Treatment (mg%)z)

Con 4% 12% 20% F
921.90 915.26 898.21 902.60 073
1332 +8.30 +0.79 +11.72 :

D2Refer to Table 1.
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Fig. 3. Change of microbial count of barley Doenjang added
with kelp extracts. Means with the different letters (a-d) are sig-
nificantly different depending on the ratio of kelp extracts.
Means with the different letters (A-D) are significantly different
depending on the fermented period.
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211’/}1 Hystglow, Kim 5(42)9 AFoAx
= FArel g A= rdade] vk
1&Ret 27 AXFFE 4.20~4.71 log CFU/g ¢ Ol
RNow xa& ]ﬂﬁ}_’ A7 Bk sk A
YEt A tH(Fig. 3B). ThAlRt &4 9] §haFo] F71ed —/F%
AAd 57 Fre) o2 WSth(/X0.01). thA vk St
o] Ao e s VA= o R AEn. w7
T daYd v vAEe] gEES Frmicutes
o7 FAlEQom o]= Bacd]us(B)g‘r Enterococcus,

=
Lactococcus, Leuconostoc 2 Pediococcus %55 iﬂﬁ}
-

= ANEER o Fogom B wid Hea X
o5 B. licheniformis, B. pumilis, B. subtilis= %@Q
o] Bacillus & 457} H4ZF 02 B % H40,43).
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m[o

o

A

i%%-% A7re Belg e Z Table 39
Pz AEE 6,470 cpsollaL
o] 3 EWHP T%E-ﬂ kel wet fre] 27t flict Wi
of A%71dol F7kskel wet vt HAb Fohshe Ads
1ol 309 AEolE 7,566 cpsE FAS] Fletela A%
60 o] AbA = 7,670 cps?l veRdlo] 304, 454
I fAERA T 4% Al ate] e A 270l 6,966
cpsol Il 60Ul = 7,806 cpsE A 71Dl whel F7}8)
of & A F3S BA 4% A7 AddE A%

K
6,

=
s

Table 3. Viscosity of barley Doenjang added with kelp extracts

| urs 54 gars wt
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3 6,680 cpsel A7 60¥ e] Ay 8,266 cpsE WE
Aguq, 20% A7} A% 6,816 cpsolA™ HE7t A
30l 8,900 cpsE YERSI o™ 60Ye] A A 9,333
cpsE 71 A Skete A S HATHIK0.05). ol A H
oA uke] H7teFel| whel Art S sk A2 thAlulel &
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SAn} FERS A7H weEd
Uehggich, AEs w9 A 5w
ojgfal delA Slth44). thAlm 3
A A7)l we Logtsh b ghol Seldo
RIL(X0.05) a gk A7) 7bel| wmat F7hele 74
gict. of Avh= 7 estel9 9AE A
e} Ak Aaks YeERATH45). A4 o
S wuEs 2w 540 A7 |49 A% 71
Sausos 4 S ool
wolel 24 A4e] v
40; B A TH44), W
WA e g B B3 v felolulsto] v
Hetol =i g4l B3t v
A fokar B a9l th(44). thAl

A At g gkt b gk Ag7)7h
A &S 19 THK0.05),
9AA (A 6026 52 A7
A% 7100 et S S
25, W] o HE ARATE AT 4LAL A

frol b LRI THX0.01).

e vaeh 2289 WF AT ARASE A% 02
NAFE 4d, 604w Fojxrt @AEHAl YERNATE
(7X0.05).

A 228 A7kek A J1gke] BEAES doluy
#3ll two way ANOVA 48 3l £ 23 L #3 b 32

o
=

[
T

ze

IR O

2

N HE o Y
o o

£ Hooe o x b X

Treatment (cps)z) F=Treat.
D Control b F
i ontrol (cps) 4% 12% 20% X Day
0 6,470.0+487.7%% 6,966.7+236.9%¢ 6,680.0+£394.0° 6,816.7+328.8" 0.9
4 4,913.3+1,063.1° 4,793.3+540.8° 5,236.7+386.8" 6,243.3+1,278.9° 1.6
15 6,933.3+539.8"45) 6,849.5+680.1° 7,716.74341.2°48 7,936.7+405.0"%¢ 5.0° 37,05
30 7,566.7+57.7°4 7,733.3+£230.9"" 7,300.0+:608.3"%¢ 8,900.0+721.1*8 6.2" :
45 7,866.7+£550.8* 7,666.7+305.5%" 7,666.7+665.84" 8,600.0+346.4"" 25
60 7,670.0+108.2 7,806.7+179.3% 8,266.7+57.7"* 9,333.3+723.4* 12.0°
F-value 1.1 20.8" 16.7 8.7
D2Refer to Table 1.
)Values are mean£SD (n=3). *P<0. 05, " p<0. 01, "7 P<0.001.

Means with different capital letters (A D) in a column are significantly different by the Duncan's multiple range test P<0.05.
*Means with different small letters (a-c) in a row are significantly different by the Duncan's multiple range test P<0.05.
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Table 4. Hunter's value of barley Doenjang added with kelp extracts

Treatment?
1) = X
Day Con 4% 12% 20% F F=Treat. X Day
0 36.20+0.199% 39.20£0.12° 39.60+£0.05™ 39.40+0.02°* 2,494.77"
4 36.06+0.79°*" 37.25+0.01" 38.83+0.03* 37.74+0.03" 25.30
L 15 36.26+0.31° 36.43+0.83% 35.67+0.85° 36.40+0.42° 235 57107
30 34.15+0.21" 33.840.23" 35.72+0.70" 35.33+0.22%" 15.52 ~
60 34.15+0.58° 34.69+0.54¢ 35.06£0.29° 34.27+0.48" 2.23
F 1335 65.04" 41.96"" 132,92
0 5.53+0.032 5.51+0.02° 5.91+0.17°® 6.0240.02%¢ 379.98"
4 6.03+0.1%8 5.76+0.05° 5.47+0.06" 6.46£0.0.05™ 220.651
a 15 6.04+0.17%" 5.40+0.99 5.95+0.12° 5.67+0.43P 0.82 031
30 6.23+0.19"* 5.81+0.23° 7.40+1.23* 6.19+0.02°48 3577 :
60 5.61+0.54" 6.00:£0.22 5.83+0.35° 5.61£0.133° 0.89™"
F 3.86" 0.79 430 9.11"
0 12.32+0.04°* 13.03+0.06° 14.01+0.02* 14.04+0.05 1,024.47™
4 12.03+0.89** 12.27+0.06™ 13.03+0.06" 12.95+0.04"8 3.728
b 15 12.24+0.69" 11.40+1.80 12.02+0.38° 12.04+0.19€ 0.41 3417
30 11.57+0.22°48 10.84+0.1° 12.29+0.41%¢ 11.91£0.16™ 18.23™
60 10.41=1.028 11.17+0.83¢ 11.30+0.43" 11.26+0.33° 1.07
F 3.95" 3.04 28.33" 111.33"
4 1.09+0.41°C 1.07£0.01° 2.73+0.04" 1.90+0.06°* 43.69™"
JE 15 1.22+0.305%¢ 1.68+1.43 0.95+0.57 0.64+0.06" 0.95
30 2.30+£0.28*8 2.81+0.21 1.98+1.37 1.17+0.21" 2.74
60 2.87+1.07% 2.00+0.79 1.63+0.27 2.21+0.56* 1.43
F 6.0" 2.19 2.86 16.74™
])Z)Refer to a Table 1. .
Values are meantSD (n=3). "P<0.05, “P<0.01, " P<0.001.

Means with different small letters (a-d) in a row are significantly different by the Duncan's multiple range test P<0.05.
*Means with different capital letters (A-D) in a column are significantly different by the Duncan's multiple range test P<0.05.
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Table 5. DPPH radical scavenging effect, polyphenol, flavonoid, and yield of barley Doenjang added with kelp extracts

BHA Treatment”
Con F

(ng/mL) 4% 12% 20%
DPPH ICsy (mg/mL) 9.69£1.0  24.23+0.48%  24.83+0.0 16.98+0.20 10.28+0.13  1,951.7°
Yield (%) 19.84 20.80 21.96 2426
Total polyphenol (mg TAE /g) 12.72+0.01® 13.400.10° 14.65+0.70° 16.37+0.24" 54.16"
Yield (%)” 25.01 24.50 23.57 21.77
Flavonoid (ng RE"/g) 0.98+0.03° 1.2520.05° 1.3240.02° 1.56+10.03°  149.24"
Yield (%) 25.01 24.50 23.57 21.77

1)Z)Refer to a Table 1.

Values are mean+SD (n=3).
:)Wt (mg) of 100% ethanol extracts/ freeze-drying wt (g).

Tannic acid equivalence.

6)Wt (mg) of 75% ethanol extracts/ freeze-drying wt (g).
Rutm equivalence.

" P<0.001.

YMeans with different letters (a-d) in a row are significantly different by the Duncan's multiple

range test P<0.05.
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Table 6. Sensory evaluation of barley Doenjang added with kelp extracts
Treatment”
It D F
em Con 4% 12% 20%
Color 5.6+0.9” 6.1x1.4 5.2+1.8 5.6+0.6 1.8
Flavor 5.540.7 5.0+1.0 48+1.6 5.3+1.1 1.8
Salt taste 5.5+1.1 5.3+£1.6 52+1.2 5.6+£0.8 0.5
Umami taste 5.5+0.8"" 5.0+1.2° 5.4+0.7° 6.1£0.5" 5.6
Texture 5.7+1.2% 5.2+1.3° 5.4+1.5° 6.4+0.5" 3.9
Overall acceptability 5.6+0.9° 4.9+1.3° 5.7+0.7° 6.5+0.5" 108"
])Z)Refer to Table 1. .
Values are meantSD (n=3). "P<0.05, ""P<0.001.

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