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This study evaluated the quality characteristics of mungbean starch gel prepared with different amounts of Salicornia herbacea
L. powder. In order to determine the optimal addition level of Salicornia herbacea L. powder, samples of mungbean starch
with 0, 2, 4, 6 and 8% of Salicornia herbacea L. powder substitute were prepared, after which physicochemical, textural and
sensory quality characteristics were measured. Upon increasing Salicornia herbacea L. powder levels in the formulation, moisture
contents of samples decreased, except the 6% addition sample, and salinity levels increased. Total phenolic contents and DPPH
radical scavenging activities also increased significantly upon addtion of Salicornia herbacea L. powder. According to the texture
analysis, hardness and gumminess decreased with increasing amounts of added Salicornia herbacea L. powder. From the sensory
tests, 4% Salicornia herbacea L. powder sample received the highest overall acceptability score with proper levels of flavor,
saltiness and texture. As a result, to increase usage of Salicornia herbacea L., the optimal formulation consisted of 4% Salicornia

herbacea L. powder substitute for mungbean starch.
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Table 1. Formulas of mungbean starch gel with Hamcho

powder (8)

Sample  Additional ratio Mungbean starch Water

0 100 800

2 98 800
Hamcho 4 96 800
powder

6 94 800

8 92 800

3% HEE] SR =4S AOAC HH(AOAC 1990)°] 2
3l A8 2 g& e Foll g 8710l Eof 105T Drying
oven(Al| 7], DI-0560, Korea)o| A 24417t 71Z3}e] vy 7]
A 3087 BES & o] @ wizhx] v Sk

2) M

Sz HEEO Ax =32 A2}A|(Chromameter, CR-300,
Minolta Co. Ltd., Osaka, Japan)& A&l LZH(H %), adk
(;G/\H ), b%k(ﬁ"‘“‘:)—‘l zx%s].j_ Nz‘ﬂ_o_ 354 IR _ﬁ_zqg}oq
o BFE BERAE ek ol HEARe) Lgte
96.19, azk-S +0.04, b7k +1.78°]t}
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B2 TR Q= ZHL AR 3 g8 AU 14 57
= 27 mLol| 343 & 4182 7](Brinkmann Instraments,
Inc., Centrifunge 5415C, Germany)©l 10% &2}tk 1 &
F5A-S A=A (Salt-meter ES-421, Atago Co., LTD, Japan)
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Al zsto] 2422 Al
F 10 goll 70% olgr2- 90 mLE 71313, 3,000 rppm S shaking
incubator(IEC, Centra GPS8, USA)°ll A 3023 ¢4 Ha]ate]
FE% A S AR o R AREEIGTE

Z d=A IFE ] =32 Folin-Denis’s phenol me-
thod(Swain e al 1959)°ll =3t S743Ach A5 150 pL
o] 2,400 uL2] 1x} 572} 2N Folin-Ciocalteu reagent 150
uLE 71sE & 387 WSttt 28] IN sodium carbo-
nate(Na;COs) 300 pLE 7Fated Aol A 2A17F Bt ¥4
Z1 &, 725 nmol| A &3 =(Shimadzu Co., UV mini 1240,
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Japan)E 74319tk F #l=4 SI5HE 2 catechin(Sigma
Chemical Co., USA)E o]83}e] 243t BF 7

0.0085x + 0.2208, R* = 0.9981) 0. ZHE] 3o 1515 om,
A& 100 g 9] mg catechin(mg CE/100 g) .= JERASITH

A FA(y =

(2) DPPH Radical 27{
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free radical 2AEAES WIEEE YERNUTH

AE AT EBE
TR FAE
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2 =
10 g& 73 5, D5 o83t 104 AReg 34
39tk 18]31 Stomacher(Elmex Pro-meda, SH-001, Tokyo
Japan) = TAStY, Tdot AT AlFE A8t PCA
(plate count agar, Difco, USA)2} MacConkey agar(Difco, La-
boratories Detroit MI 48232-7058, USA)E ©]-&3+ & Hut
F7HHe) 93] HEsIG T PCAS} MacConkey agare= 2+t
28+1°C2] &7|(HYSC Incubator, DI-150, Korea)9} 35+1°C
9] 3-2-7](BOD Incubator, BI-81, Korea)ol| ] 48A]7F vl &5h
< AAH colony 5 =43+ Colony Forming Unit(CFU)
/g0 2 BAIFATE Z2+e] A|ZE 10TAlA 0~593F #%
SHAA 24413 2HA 02 2 WS o83t SASHATH

B3 TR o5y AL 220 AnE Axs] F
o] 9l §7)0] 274e] AR 100 g LIl 10CNA 0~59
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ge A8 sl oj5ae AT
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ol2=0 0/ — il
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~5U7F AAFSIHA 24417 ZHAH 0. Z Texture analyser(CTA
plus, Lloyd Co., England)E A}8-3l &30tk 44
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<2 Cylinder type 10 mm, Trigger force : 5 gf, Pre-test speed
: 2.00 mm/s, Test speed : 1.00 mm/s, Post-test speed : 1.00
mmy/s, Strain : 50%, Interval between two bite : 3 secOE 3}
Ak ZAY % JEE-L 25 mm FAZ Hof 23] A gt
=39S W LA = force-time curve ZH-E] 7 E(hardness),

FX(cohesiveness), B2 A(springiness), % Z3(gumminess)
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Zy AgoA Q& A3 A= SPSS(Statistics Package for
the Social Science, Ver. 18.0 for Window) program2- AF&-3}
o 0=0.05 FEollA EA HeElste] A48T AFL 33
HHE A9S shlom, B4 WhHo R Fuy BEEA B
A B 58 AAIE9 AL, Duncan®] T 9 273 (Duncan's

multiple range test)S ©]-&3le] T Blw A4S 34T
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W7kA] WHE S5 e T A7
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WAtk 2% 7ot 4% A7 oA
akem, 8% H7He FA7Hl val v aE S
Uehlo] A= 7ol o2 2tolE vEh o, Atol7t
ZHA A= ZUTE Lee GH(2009)9] 32 A7t FHo] &
Aol mRE J&F AFME L7 b Tl fo
2 ztol7} YA gt B ARF AN A7E R
O}, Lee & Kim(2013)9] &= 248 H71st A7He] &
A EA AFddAe gz B4 Aol $/1E4E 1
o] Frkele AES vEio] 7 A% Alolg B4
e TR P RS st e ZeE By
HA=H, vulZ S % 100g F sodium(2,121.5 mg), pota-

ssium(1,390.2 mg)29] $Hf-3Fo] =31, magnesium, zinc, iron,



24(4): 472~480 (2014) SRR

Table 2. Moisture and salinity contents in mungbean starch
gel with Hamcho powder

=4 475

Table 3. Hunter’s color values of mungbean starch gel with
Hamcho powder

Sample Additional Moisture Salinity(%) S ) Additional Hunter's color value
P ratio(g) contents(%) e ample ratio(g) L a b
0 89.16+0.58"  0.00+0.00"" 0 45.97£045°  —0.72£0.03" —8.21+0.05"%
2 88.73+0.15" 0.10+0.00° 44.77£022°  —8.15£0.04°  5.84+0.07°
H : :
amcho 4 88.820.09™ 0.20+0.00" Hamcho 4 43114096"  —9.66:0.14°  8210.21°
powder powder
6 90.74+0.47° 0.30+0.00° 6 4239+£1.05° —11.90£0.13"  12.11+0.28"
8 88.43%0.11° 0.40+0.00° 8 40.38£0.71°  —12.42£0.09° 12.99+0.12°
Y Mean%S.D. Y Mean£S.D.

» Means within a column not sharing a superscript letter are
significantly different(p<0.05, Duncan's multiple range test).

calcium 5 Xg314A 3.51~5.60% S 7FA2 K Shin
et al 2002). ¥ AFoAM = F= Hrigo] et dx=rt St
st o, o2 Zpole KolA] Z3tth Kim & Y0o(2012)9]
F=E o83 7154 BHikeAzo] A5} Bae JY(2008)<]
x| AT A A0 AFNE T EHe] A
7VFol VeSS dxrt FTkeste AdES UERSITH

+ Ay}E= Table 33 2t 2
Fr ol A el X}o] e
S YER LA, H7t H]
L}E}Woir/]'
24597019, 8% 7= 40.38
Adhe AES JERALE ol
A7yek sjxFo] A4
o] F4d| vA= 93F

e

2 F7Mgol SUHETE
3l A¥l= Jeong MH(2011)<]
9} Lee GH(2009)2] =% A7/}
A= H7tel vlF st froz
4&%“@

g

=
it

—-0.722 7% =A Uet
141 ?‘fh% o] A7t nlgo] UM E fojFoR U
Holom, 8% H7hrel B —12428 Ye
Welch o83k A= Lee GH(2009)9] % H7l7) F3eo
Z A nx= geke] AR agto] H7lko] =k
frej o g volx|= A3s YehAth 124} Jeong MH
(2011)9] %2 H713k s8] AT E agro] A7
o] FVVAFE FolAlE S Uehlo] & A3F AfolE
B
bI(EANE) S AT B —821% 7P waL, P&
o] Hrho] S7FETE bito] HoAe BEo R 8%
7 12,995 YERNSloH, 6% 7] A9 12.112 8%

? Means within a column not sharing a superscript letter are
significantly different(p<0.05, Duncan's multiple range test).

7ok o)A Abol= UEhlA] 3t o]E$F 2= Lee
GH(2009) &= H7P7h 5459 F200 vl 9] a7
A bk F7FFe] S7HEFE moAlE 7—36}2 = FARE 2
= YeERAA, Jeong MH(2011)9] x5 713 3
o] Aol bt H7HEe S7EFS Yokl A%
vehle] 2 233 el zels vEhlit:
e 2T ArhEs 2Ed 25 LA(E
AL, bEH(FAE)S =2 T2 7} HlEol
A, athe SolAe AEFS, b@te Boe A UrEMJ
Ak g2 A BTo] ArEs L(HEE) 62.37, agh(FA %)
—16.86, bFH(FAE) 22.820.2 % FH7leko] 713l u}
2h ag (A=) bE(FA )0l HAFY 54
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A He e 2 5
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1) & Hizy sElE By
P2 HERY F =4 HYE FUS 393 FAe
Table 49k 2k $A7179] 3 S SE TS 474 mg

CE/100 g& JeR1 0w, 2% H7}7+E 22.43 mg CE/100 g,
4% H7F= 49.21 mg CE/100 g, 6% 7 77.16 mg CE/

100 g, 8% H7F+E 105.15 mg CE/100 g5 YERAATE 8%
A7 37 Bls) ofF 200 A Ve, e B
A7VEel S7VEFE T HeA st Il S7kshe A
©o 2 YElgt) Jung HW(2010)8] BER} 7122 7‘<47}?‘ﬂ %
FE AFoME £TY HrtFo] TS F wsl
st ol 57}3}5 B eI 2 —Er ro] 3
7 Bl e Hx 5 st SV F el =
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2) DPPH Radical 2=

&% HEE5-2] DPPH radical ~745S =73 Z23+= Table
49} 2t} DPPH radical &4 52 F37F19] 29 2.96%=
Uehliglom, g 2o 7} vlgo| F71eS DPPH
radical 227%50] F718h= A4S B 8% H7le T3t
Toll Hlal o 208 9] F7hES UEldo] Tl SEE
ZFo] 7ot FARSHA YERATE Jung HW(2010)9] &4
7S 7R AR AT T YUt vlgo] TS
DPPH radical 2A%°] Z7}sk= 78S Vehigich g &
o] H7hel| wet Tl ShgHE $ DPPH radical 4
oS F& 4BHA r=0986, p<0.015 YERHATE

-

0~5Y7F AAsFAA] 24417
VAo 7 F A2 WelE £743 A= Table 59 £k

Table 4. Total phenol compounds and DPPH radical-sca-
venging activity of mungbean starch gel with Hamcho powder

. Total phenol DPPH
Additional . .
Sample ratio(g) compounds radical-scavenging
& (mg CE/N00 g) activity(%)
0 4.74+0.08° 2.96+0.17"
2 22.43+0.14° 20.54+1.23°
Hameho 4 49.2140.14° 33.62+1.91°
powder
6 77.16+0.12° 48.75+0.32°
8 105.15+0.39* 58.00+2.40"
Y Mean+S.D.

? Means within a column not sharing a superscript letter are
significantly different(p<0.05, Duncan's multiple range test).
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A7 0GollA 1Y Fotlles ZE ARA njEo] A
2 ko, gt FH7 AlgeME A 5Y Bt v
Eo] ZAF A ATk T BLE 2%, 4%, 6%, 8%= 7}
Hlgo] 7S vAEe] Frkete A3 Ul
A 0~4L7HAE 6% H7FE7}F 1.18x10° CFU/ge. & 7+
A JERAL, A% sYellE 8% 77} 2.53%10° CFU/g
o2 7 A YeERiAh gk o) Hu) vlgo] F7}
4= nAER TV AFS Uehdo] % £ 1
AES 2438 A7) 1.33x10° CFU/gO.Z 3hx 22 24A o)
o] EASHE AR Yttt 1 A¥, 2 AR 7
Aol A= A 717 B2t v Ee] SHE A gkgkon, g
Z B H1e Zbzbe] AlgolAE nldEo] 24 H ]tk
olgfst Ar= Fo| AxAHAME APEEA] = g
FAE BA3ske vAEC] EAlgte 222 A Jeong
MH(2011)9] $x9] 7548 B F=2E5 gk 259 A
ToME H7bge] S7HEFE AdaT Sk Bde U
Efgio], £ A7 fARgE A7 YeRiglon, ol A
= ¥z AR F OSS F7189 opr)iite] mjAl RS S
218 G437 AoZ Bag vt ok 18t} Shin MG
(2008)] HAALR] =0} ASFE SIAR o]&S 75
4 TR AFMe FxF At FHERE A%
717¥el we} M E] X7} FAdte AES UEe]
AR Az} zols YERNSITH

/\El

5. CHEH?

gz JEES WA 10CoA 0~5U7F AF3HAA 244]
Ao E thgete] WslkE A Ade FRY Ee W
N A7} He 3T 25 248 Yok o]=gt
Avks AFFA0109 HEFY 71E B FAe) FHF
Te 57 U3 74 2A02 ¥R A 717 557

Table 5. Changes of total viable cell counts in mungbean starch gel with Hamcho powder at 10C during storage

(CFU/g)
Additional Hamcho Storage time(day)
powder(g) 0 1 3 4 5

0 ND” ND ND ND ND ND

2 ND ND 1.33x10'" 1.33x10? 8.66x10? 3.43x10°

4 ND ND 2.66x10! 3.33x10? 6.37x10° 1.80x10*

6 ND ND 9.33x10! 5.66x10? 1.18x10* 2.34x10*

8 ND ND 3.33x10! 2.33x1(? 1.04x10* 2.53x10*
Y Mean+S.D.

Y ND : not detected.
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Table 6. Texture properties of mungbean starch gel with Hamcho powder at 10T during storage

R =2 o

o] ESeHe

2T =

Texture Additional Storage time(day)
ratio(g) 0 1 2 3 4 5
0 272388271 334.0426.65"F 447412747  584.9949.00°C  598.63+3.13®  698.10£6.56"P"
2 281.71+8.98F  398.79+6.88"F  421.66+7.17°°  466.50£8.23°C  522.77+6.96™  633.99+3.90°*"
(;Szlezis 4 276.89+7.58  397.81x520°  418.73+7.07°  424.66+7.84C 432.71+731%  481.94+4.96%
6 278.06+4.80"  398.1143.72°°  43547+8.00°C  512.7124.50"  512.92+8.84"®  618.34+2.69
8 269.46£9.03"F  3454418.68°  389.35+8.12°C  520.76+3.55"  523.80£6.47"°  553.53+7.28%
0 0.44+0.03** 0.34+0.01°® 0.32+0.02® 0.274+0.02* 0.27+0.02* 0.26£0.03"
2 0.36£0.01" 0.36+0.01** 0.2840.028 0.29+0.03* 0.26+0.01*8 0.31£0.05™
Cohesiveness 4 0.380.02" 0.29+0.02°" 0.29+0.05"® 0.25+0.01*® 0.26+0.03"® 0.25+0.02°"8
6 0.31£0.00°* 0.30+0.02"* 0.3120.03* 0.2620.03**8 0.28+0.04™8 0.24+0.03%®
8 0.36+0.01°* 0.26+0.02"® 0.27£0.02°® 0.30£0.04" 0.26+0.06™ 0.28+0.01%8
0 0.86+0.05™* 0.88+0,02* 0.86+0.00°* 0.85+0.00™ 0.79+0.01°"® 0.73+0.04°¢
2 0.88+0.00** 0.89+0.00** 0.88+0.01%* 0.87+0.06™ 0.84+0.00°* 0.78+0.33*
Springiness 4 0.92+0.06* 0.910.00** 0.910.00**® 0.90£0.00"* 0.88+0.00"" 0.85+0.00*"
6 0.90+0.00** 0.90+0.02** 0.88+0.01™*%  0.87+0.00° 0.83+0.00% 0.800.00"
8 0.89+0.00** 0.90+0.00** 0.89+0.00™* 0.88+0.00™ 0.85+0.00 0.82+0.01%¢
0 0.11£0.01** 0.10+£0.04*" 0.09£0.01*®  0.07£0.00™® 0.05£0.00™*  0.03+0.00""
2 0.12+0.00™* 0.11+0.00"* 0.10£0.00™*®  0.08+£0.02°°¢  0.07+0.03°% 0.05+0.01°¢
Gumminess 4 0.14+0.00* 0.14+0.01** 0.13+0.04*B 0.1120.03*8 0.10+0.00™8 0.09+0.00"®
6 0.12+0.02* 0.10+£0.00*" 0.10£0.00™*®  0.09£0.00°%  0.08£0.00"*C  0.06+0.02"°
8 0.08+0.00** 0.07+0.00°* 0.05+0.010°® 0.04£0.00° 0.02+0.00°° 0.0240.00°°
D MeantS.D.
2) a~d

3) A~D

Means within a column not sharing a superscript letter are significantly different(p<0.05, Duncan's multiple range test).
Means within a row not sharing a superscript letter are significantly different(p<0.05, Duncan's multiple range test).
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Fig. 1. Syneresis of mungbean starch gel with Hamcho
powder at 10C during storage.
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Table 7. Mean preference scores” for mungbean starch gel with Hamcho powder

4 =4 479

(N=40)

S | Additional Preference attributes
ample .
P ratio(g) Color Aroma Taste Salty taste Texture Overall acceptance
0 5.72+1.70° 4.72+1.35° 4.57+1.90° 4.20+1.52° 5.57£1.75® 4.77+£1.927%
2 4.95+1.76" 4.92+1 36 4.47+1.82° 4.60+1.61° 5.15+1.52° 4.77+1.92°
Hamcho 4 6.62£1.40° 5155147 6.45+1.05" 6.35+1.60" 6.25+1.29" 7.17+0.93"
powder
6 6.92+1.59° 5.12+1.52° 5.62+1.74° 6.12+1.49° 6.00+1.41° 6.72+1.13°
8 5.92+1.60" 5.30+1.58" 5.27+2.02% 5.35+£1.87° 5.97+1.59" 6.02+1.74°

Y9 point hedonic scale(l
' Mean+S.D.

: extremely dislike, 5

. dislike & like, 9

: extremely like).

» Means within a column not sharing a superscript letter are significantly different(p<0.05, Duncan's multiple range test).
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