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Quality Characteristics and Antioxidant Activities of Rehmannia glutinosa
JungKwa Prepared with Different Kinds of Sugars
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Abstract

In this study, we have investigated the quality characteristics and antioxidant activities of Rehmannia glutinosa JungKwa (RJ)
prepared with different types of sugars (sucrose, isomalto-oligosaccharide, honey or sorbitol). Moisture content was the highest in RJ
with honey. The pH level was the highest in RJ with sorbitol, whereas the acidity is the highest in honey. The reducing sugar content is
the highest in RJ with honey. The L and a values of Hunter color system showed the highest in RJ with honey, while the b value the
highest in RJ with sorbitol. The hardness of texture profile analyses represented the lowest in RJ with sorbitol. Sensory results showed
that RJ with sugar was the best in the sensory preference test. The total phenol content was the highest in RJ with honey, while the
lowest in RJ with sorbitol. The antioxidant activity determined by ICso values of DPPH and hydroxy radical scavenging activities was
the highest in RJ with honey. From these results, it was suggested that RJ with honey show the highest antioxidant activity.
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‘ Washing Rehmannia glutinosa (600g) ‘
!

‘ Adding 1.2 kg water ‘
!

‘ Boiling (5 min at 100C) ‘
1

‘ Removing water (600 g) ‘

!

Adding sugar or isomalto-oligosaccharide of Honey or Sorbitol
(720 g)

!
boiling for 60 min at 95+2°C and soaking for 24 hr

Fig 1. Procedure preparing Aehmannia glutinosa JungKwa

Frankfurt, Germany)& Al-83e 2481900 ARE 3
3 W =gsje) 1 BERe e

(2) pH & A= =H

pHE AOAC method(1990)E &8st AN 10 g&
90 mLe| ZF<t 3 W #+23} stk 3,000 rpmell
A 153 AR & AEYe F8kel pH meter
(SP-701, Suntex, Taipei, Taiwan)Z 73} T}

AEE AOAC method(1990)2 Z|&3le] Aoy 10 g
< Fst 90 mLe] SHTE H7FeE F 3,000 rpm oA
1587 dAEES & 459 10 mLE F3k 0.1 N
NaOHE ©]83l pH 8374 =23h=t 83 NaOH
9HmL)E acetic acid $H%)O.& FHatsle] E4F -

EA3T

(3) Y= o BeY =3
L=

5= AFY 10 goll 7 90 mLE w235} & F 44
#£2(3,000 rpm, 20 min)3te] FEAIN-1E Brix 0~32%,
Atago, Tokyo, Japan)E AH&3ste] S48kt S-S &
= =49 NEe} 22 A5 2 DNS(3,5-dinitrosalicylic acid)
o] &3 vy o7 BB A (UV-1800 240V, Beckman,
Fullerton, CA, USA)E AF&31] 550 nmol A 355 =4
St EF2 glucose(Sigma-Aldrich, St. Louis, Mo,
USA)E T=E2 BEAA A8t

(4) Mz g S =3

A% = A21A|(Digital color measuring/difference calculation
meter, model ND-1001 DP, Nippon Denshoku Co. Ltd.,
Tokyo, Japan)E AF8-3}] Hunter LK, lightness), a®k
(AAM =, redness) 2 baH(EAE, yellowness)S 33| W =
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Aot Hegoz Yeplidoh Aa= HAhS 5 2ot
HEZY4 (50x12 mm)ol|] Fol MEE ZFAHIATL
Standard color value= L&k 108.95, azk -1.01, bak -4.58¢%]
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10 goll SF5 90 mLE ¥&3} g & 473,000 rpm,
20 min)3+ A& ARE st BFFEAE o83t 420
nmol| A STt

(5) ==zt &1

2G| 227 EAS LolR7] 98t Texture
analyser (TA/XT2, Stable Micro System Ltd., London,
England)E AH8-3} probe(® 3 mm, cylinder type)ES
% 23] st o dojAlE F-AIRE Ao EHE A

“J(hardness), F-2}/d(adhesiveness), &2 4d(springiness),

p

Z4(cohesiveness), 71d(gumminess), 4 ¥ 4J(chewiness)
SAstATh

o] w} probe= p 5E ©]-83+3 3, Set Method+= graph
type: force vs time, force threshold 5.0 g, contact force

o oo K

5.0 g, pre-test speed 2.0 mm/s, test speed 1.0 mm/s,
post-test speed 2.0 mm/sZ SRS distance & 50%=
3.

(6) Total phenol &t2F
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(8) Hydroxyl radical AHs
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Table 1, Moisture content, pH and acidity of Aefimarnnia
glutinosa Jungkwa and syrup using different sugars,

JungKwa Syrup

Sugars

Moisture(%) Moisture(%) pH Acidity(%)

Sucrose  17.28+0.11"? 20.19+0.41° 4.9240.05® 0.19+0.01°

Isomalto-

. . 24.31£0.66° 22.61£1.10° 4.99+0.26™ 0.18+0.02°
oligosaccharide

Honey 34.59+1.63" 31.19+6.91° 4.80:£0.33" 0.19+0.02°

Sorbitol 22.64+0.36" 23.90+0.66" 5.27+0.08" 0.13+0.02°

" Values are mean+SD of triplicate determinations.
? Values with different superscripts within a column indicate
significant difference (p<0.05) by Duncan's multiple range test.
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Table 2, Reducing sugar and sugar content of Aefimannia
glutinosa Jungkwa and syrup using different sugars,

Jungkwa Syrup
Sugars Reducing Reducing Sugar
sugar (%) sugar (%)  content(oBrix)
Sucrose 17.99+0.45"  24.7140.83°  81.0+0.2°
Jsomalto- 00138 458821750 76,5613
oligosaccharide
Honey 35.49+0.59" 51.33+1.31% 65.342.5¢
Sorbitol 0.52+0.04° 0.65+0.23° 72.140.9°

" Values are mean+SD of triplicate determinations.
? Values with different superscripts within a column indicate
significant difference (»p<0.05) by Duncan's multiple range test.

Uehs #o 7247} 3549%, 51.33%°]1%0aL &HES H
7¥eted Az B R AR o] g ko] 0.52%,
0.65%= THE ol Hlafl & zo]2 & 3hs Bt 3
A2 EVE AA o= FdTo] A glenz SHH
g 4 xEste AAAA AFo2HE 59 A
o= Az

FE= Melo] 81.0 °Brix®E 7MY & 7S YR
o] 65.3 °Brix® 7P it E=3k Hipoho] 3t 3
F g g5 A #e BT §93 AolE: yehlth
(»<0.05). Eo] &HERT IR B AAFS Tl
= E7eta B SRlERT WA U AL B By
go = Qe S Bol Bfste EulEs HAUhste] Al
23 AN HT Fo] FMFGY] WEoE Hlth

Ae g
3t @44—*‘ Table 33 7”4 ‘ﬂ' THF T E
HE AL A5 st st Sete® E o 17
A W AE7F 7P AL, L-values & ©]-8-38)
of Azt A7t 9.00% 7S w2 AAE BT
Aol o AHAFL] FM = 2152 7P e ghe
HFQT, Fol 276, olaTESEITFo] 2.82, 11 th
0] QHIE“POE AARE AxsAS A5 =T
2892 7 =2 AFAE BRAFY ES 490nmell A
Aad o] FFEE SAHT Ax Hd OlMLEQFJﬁ
Fog A3 AAR FFEE 0992 YERRI L,
2 A x3 Agdo] 1012 71 Z9kon SnER Xib_
g AAALE 084 ThA B2 FhE BT ol HFT
A FS] FErt ol AFo] ARHAS AF T
Tl ot HExstel ot AEAde] Beo 5 ot
gt o274 dojdo X HFAFY AME ¢ FHEE
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Table 3, Color of Rehmannia glutinosa Jungkwa and syrup
using different sugars,

Jungkwa Syrup
Sugars
= L-value a-value b-value SHRSEY
420nm
Sucrose  6.83+0.03"? 1.3520.16° 2.15+£0.02° 0.99+0.00"
Isomalto-
(SOmato” g 50.0.00°  2.04+0.08° 2.82+0.02% 0.99+0.00°
oligosaccharide
Honey 9.00£0.11°  2.46+0.16" 2.76+0.06° 1.010.00°
Sorbitol 8.88+0.05" 2.09+0.07° 2.89+0.06" 0.8440.00°

" Values are meantSD of triplicate determinations.
® Values with different superscripts within a column indicate
significant difference (»p<0.05) by Duncan's multiple range test.

g TRl wet A FFel PFS & F AN w2t
Al XUrxﬂZ Al 25} 75“}_% z-sb] faiMs de
AdatA ol 8L Favt S ZoE Hrh Ywkxow
A SEeA H A Gl Hlske] dA ol s
), A g9 gAeTL sk e ol A% A
Aoz Gt frejobrite] FiEel oA 7HEA
gof ofate] ZAE kgl doju= Aol QU
(Song MR % 2007) & AFA%E 22 AAE HAE

ot 53] @& A9H R Hutslo Fole ABE AA
7] wjZoll Zol= AlZte] F7Fetel ket 7&*‘@}—”« =R
2501 HS & 4 AtiLee KS 5 2009). & FFHnuic}

A&7 AFL A3} zpo|7t OI%HXWP EHPr%:l k4
2Rl SHAAA & ] 3] g A 77k MEE
Hol=d| color meterdl] &5t MEE z;@g 39 x%z\n
Eo} AT FHAY A9 g Ao = Qlet 1 4
I gro] FAFCEE A2 Fe BYS B ATk
o] Park ML 5(2006)°] B H7}eFol we} FolA i A

Z Al & 7ol Folgle ErJra‘r Aike] MW= B
7], AA% g gas g5 7+AhsHE A3E YERIS
3 Hud Ay g AE HAFA

4, =x\Y

g ol et Al ARG Az Al AEE HIETH
652 B4 @S AT AFE Table 43} 2tk B ©F
7 R olFR e oJFFe 7T SOl wEkA 3=
=484 EAo] tt=ZtiHwang TY & 1998, Han JY 5
2003). kA A Az Al H7F G SRl WA =

oAZ Aol EAL =24 YA %E}. Hardness”} 7}
A w2 A2 HAes o] &3 Aol T e A
EHES o] 83k HHoltt Adhesiveness= hardness<}t
2] dES o] 83 ARY ES o83 AW o =2
73S Rt} Cohesiveness®t Gumminess= A &8-S o]&
g A3t b2t 0.649F 13115 2 7P B8 ge HYoH
oo whalj EHIES o] &3 AIA= 27 0357 5891 =
7 e ghS BT} Springiness= A E-S o] 83 A3}
7} 7P =% o] AT ESEIEE o] &% Bt 7H
kO L} cohesiveness©t gumminess®] A3 FET= &
2ko)7F UA] 259kt Chewiness= A8 ©]-8-3F A 7}ol| 4
7 =94aL Folo] o] ATEEY TS o] &3t AT}
E3hom EHES o] &3 Aye thE Jol| vlste 4
3] W2 ghs BTk Ae o R A|x3 Ao A7
2 AdhesivenessE 11]94'3}31 E gl e =& 3 B
A HFAR] V|ZEE TP kAR dFa 22Tt
o3t 7EEE %f/\]ﬂﬂ A= 2FF ol d=
A7t FAE FEANZ ot S A= HEr

5, Total phenol &tZf

g F5ol wh AZ=3gF 23 72| Total phenolEH<
SA% A= Fig 29 2ok S o] &8k A= A
9] Total phenold#2 1.32 mgmL=E & G2 THE A
R FolFow F Hegio] WA (p<0.05) o)A
EgTuY, A", &g $2=2 YEPYY Isnandia
Andréa Almeida da Silva 5(2013)2] Aol o3t &
+ phenolic compound”} o] =0 ot EdH EHoj
Q& phenolic compound”} 4He}2 ~E#| 29} AHH 2
B ditsles 9de st Rt gk E8 olg

Table 4, Texture properties of ARehmannia glutinosa JungKwa and syrup using different sugars,

Sugars Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness
Sucrose 253.88+27.34"  -108.26+11.45° 0.90+0.02° 0.64+0.04" 131.15+14.79" 100.25+8.13"
Ohgli‘;gzlgz;i “ 249.02420.94°  -44.8444.71° 0.8120.02° 0.59+0.06° 121.58+8.92° 89.31+8.91°
Honey 238.40+35.44° -16.63+1.88" 0.83+0.02° 0.45+0.02" 119.09+12.33" 88.12+13.16"
Sorbitol 220.28+17.16" 27.18+3.92° 0.83+0.03" 0.35+0.07° 58.91+5.83 74.76+1.98"

" Values are mean+SD of triplicate determinations.

? Values with different superscripts within a column indicate significant difference (p<0.05) by Duncan's multiple range test.
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All values are Mean+S.D. Different superscripts in the bars are
significantly different by Duncan's multiple range test at p<0.05.

Fig. 2, Total phenol contents of Aefimannia glutinosa Jungkwa
using different sugars,

sto] AE ERIthd g8 o £9 Ayuce} o 3
ABlEFE 7OE 4 9S8 Ao=E AEHY.

6. DPPH radical AHs

T FH w2 X33} DPPH radical 4759
IC50 4 A¥= Fig 39 2o 22 221 A3A 7Y
IC50%k°] 13.04 mg/mLE 7H4 @& £x5 B, o4&
dEZHaY, EHE, dgo g £ A&A e IC503k
& Z}7} 20.97, 22.63, 28.30 mg/mLZ ERGTE Kim HK
5(2010)2] Aol o5l W&ol FRkols, dHE
2}, ZFEE 2x(glucose oxidase, catalase 5), HIEFY C,
Z14E opuiAt 5 kst EAdwt dEE o] wra
Bty =3 ¢A A3 Total phenolEd Ay} EE
=2 A3 379] Total phenoldte]l 7HE =41 SAHE A
o] DPPHAE Aol 71 @2 IC50a o2 S4HE 4
e} YA|eh= Ao HlTh

c
>

7. Hydroxyl radical A7Hs

Hydroxy radical ( - OH)-2 ®E-&-Ado] wl-g- 7sh &4k
30 A
=20 A
£
]
E
[=]
Jd10 A I
0 - T T T
Sugar Honey Isomalto Sorbitol

Fig. 3. DPPH radical scavenging activity of Aehmarnnia glutinosa
JungKwa using different sugars,

ICso{mg/mL)

1

Sorbitol

Sugar Honey Isomalto

Fig. 4. Hydroxyl radical scavenging activity of Aehmannia
glutinosa JungKkwa using different sugars,

22, A st 9 9ES st AR A ¢
(Kim HJ 5 2011). Hydroxyl radical 4~7 4 gA4o] ?(]3434-’\]'
3} g o] 1ol AHH 02 Wt &AdstE A4
T AT EHN AMREES ATt Bttt
(Manian 5 2008). & FFol| wWE X33}2] hydroxyl
radical 227152] 1Csy 54 A= Fig 49 £o. A",
]/\ULEQ_E]—/Q- LHEZ 9 ;qaz{,q._o/] IC501711]\'
& Z¥7} 475, 3.57, 3.58, 4.11 mg/mLZ DPPHAE Zx}
o A% dAsHATh

Ir

X

m

o

glsted Alxg XA B4R =
71E AAISE A3} Table 59 72th gukz
718 3 & 7tele] Eole AEE
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Table 5, Sensory properties of Aehmarnnia glutinosa Jungkwa using different sugars,

Sucrose oli;)(s):lillzz;i de Honey Sorbitol
Reh". flavor 2.8+1.57% 3.6£1.3° 3.8+1.3° 3.3+1.8°
Intensity Sweet taste 5.5+1.3" 3.340.9° 3.6+1.3° 4.0+1.0°
Bitter taste 2.9+1.2° 4.0+1.6 3.5¢1.7° 3.6+1.4"
Appearance 4.9+1.2° 4.1+1.0° 3.7+1.3° 3.6+1.2°
Smell 3.6+1.1° 4.4+12" 4.7+1.3" 3.6+1.3°
Taste 4.4+0.8" 4.0+1.6" 3.6+1.2" 3.540.7"
Acceptability Chewiness 4.5+1.2° 45+1.2° 3.9+1.2% 3.1+1.3°
Adhesiveness 4.1£0.8° 3.941.3" 3.141.2% 2.6+0.9°
aciﬁﬁill'ﬁy 4.6£0.9° 4.1£1.5° 42415 3.541.2°
" Rehmannia

? Values are meantSD of triplicate determinations.

? Values with different superscripts within a column indicate significant difference (»p<0.05) by Duncan's multiple range test.

=
of Azt AFA e
Ao FAFY

2 o]
=
2 AT 71ZARE QA HATE AAFE FE 2o

B aveld 3 £RE 2es
4 54 9 gasye

R

s AT 243 FH sk A =3}
At A3Ae] RS B2 wE A3} 7

o $YMEE T A7) pH 7t 7F
b =2 HHH AsE Uodt) Y e EE A =3
A7 7H =% ERERE AxRS AHge e dR
o we 7S Bt dEo g A %3 Ao HE,
AT FAT7} 71 dotor B2 A|x3 Ao H=
9 HAE7E 7P E3ka SREE AxRS e A
=7 7B =8 e BYth A7 £ adhesiveness,
cohesiveness, gumminess, chewiness #%°¢] A®OZ A=
g AT E=3ka, EHlE Ade Ut deH A
Agog Az Fr) Ay gloz2E 7P 2 Al
o S5 YERAA|TE 3Fo] ofstal B2l Hsithe B
o] o] AH{AZE A HAHQ] F4 9 7|54E Fo|7]
A B TR EFRE FHsA AT a8t
s Aoz By #8 Z3 A H2] Total phenol
ol 7V =A =#4= %3, DPPH, Hydroxyldd Zx}
gz ATl M 2 ASE UERT olE 3
AGANE HEZ So|H O oz Zgshes ARG
ksl %50 =& o=z rgEh

oN LIH”
30
k1
1 d
oft
o
"o
32

ok

=2 522 151 2) ] A 30d Al 15 (2014)

ALl =

o] A= 20128 % TSt StadTHo o3 A
AE A

References

Almeida da Silva 1A, Sarmento da Silva TM, Camara CA, Queiroz
N, Magnani M, Santos de Novais J, Bastos Soledade LE,
Edeltrudes de Oliveira Lima, Lucia de Souza A, Gouveia de
Souza A. 2013. Phenolic profile, antioxidant activity and
palynological analysis of stingless bee honey from
Amazonas, Northern Brazil Food Chem 141(4) : 3552-3558

Cho SH, Kang RK, Lee HG. 1984. A study on the ingredients
preparation method of lotus root jung kwa. J Korean Soc
Food Sci Nutr 13(1) : 42-50

Han JY, Hwang SH, Youn KS, Kim NW, Shin SR. 2003. Optimization
for the sugaring process of yam for snack food response surface
methodology. Korean J Food Preserv 10(3) : 320-325

Hong JY, Nam HS, Youn KS, Woo SC, Shin SR. 2011. Optimization
of process condition for processing of jujube fruit Jungkwa.
Korean J Food Preserv 18(4) : 527-534

Hong SP, Kim YC, Kim KH, Park JH, Park MK. 1993.
Characteristic component of Rehmanniae radix preparata
compared to rehmanniae radix and rehmanniae radix crudus.
Anal Sci Technol 6(4) : 401-404

Hwang TY, Kim JH, Kim JK, Moon KD. 1998. The effects of
microwave heating on the texture of sugared chestnuts.
Korean J Food Sci Technol 30(3) : 569-573

Kim AJ, Joung KH, Park WJ. 2010. Quality characteristics of brown
rice dasik using secattered-flower ladybell powdered of
various sugar. J Korea Acad Industr Coop Soc 11(11) :
4449-4454



Kim EH, Kim KS, Ohae SK, Kim BS, Kang JS. 2012. Comparison
of biological activities on Rehmanniae radix and fermented
Rehmanniae radix. Korean J Orient Physiol Pathol 26(3) :
306-313

Kim HJ, Lee JY, You BR, Kim HR, Choi JE, Nam KY, Moon BD,
Kim MR. 2011. Antioxidant Activities of Ethanol Extracts
from Black Ginseng Prepared by Steaming-Drying Cycles. J
Korean Soc Food Sci Nutr 40(2) : 156-162

Kim HK, Lee MY, Hong IP, Chio YS, Kim NS, LEe ML, Lee SC.
2010. Antioxidant an antimicrobial capacity of several
monofloral honey correlation with phenolic and flavonoid
contents. Korean J Agriculture 25(4) : 275-282

Kim JO, Shin MS. 2000. Effect of sugar on the textural properties
of Injulmi made from waxy rice flours by different milling
methods. Korean J Hum Ecol 3(2) : 68-76

Kim JR, Yook C, Kwon HK, Hong SY, Park CK, Park KH. 1995.
Physical and physiological properties of isomaltooligosaccharides
and fructooligosaccharides. Korean J Food Sci Technol 27(2)
: 170-175

Kim JS, Han YS, Yoo SM, Kim HR, Chun HK. 2003. Quality
chracteristics of sesame dasiks according to amount and the
kind of sweetener. Korean J Food Cook Sci 19(3) : 280-285

Kim JS. 2004. Effect of Rhemanniae radix on the hyperglycemic
mice induced with streptozotocin. J Korean Soc Food Sci
Nutr 33(7) : 1133-1138

Kweon SY, Kim JM. 2012. Change in the quality characteristics of
kongsulgidduk according to the amount of sugar added and
the type of sweeteners used. Korean J Food culture 27(6) :
695-701

Kwon HJ, Park CS. 2011. Development and quality characteristics
of bellflower root jeonggwa added omija (Schizandra
chinensis baillon) during storage. Korean J Food Preserv
18(3) : 279-287

Lee GC, Kim GH, Kang BS. 2011. Effects of the kind and mixture
ratio of sugars on the physical and sensory characteristics of
sugar snap cookies. J Korean Soc Food Sci Nutr 24(2) :
239-245

Lee KS, Kim GH, Kim HH, Song MR, Kim MR. 2009. Quality
characteristics of ginseng jung kwa and jung kwa solution
in jung kwa process. J Korean Soc Food Sci Nutr 38(5) :
587-593

sty 83

FEFE Dot Azt Ao FEEA

=S
o

Lee KS, Kim GH, Seong BJ, Kim HH, Song MR, Kim MR, Lee
GH. 2010. Physicochemical characteristics of ginseng jungkwa
produced with hot-water extract from maegmundong (Liriope
platyphylla tubers). J Korean Soc Food Sci Nutr 39(12) :
1819-1825

Lee NJ, Lee SJ, Shin YM. 2006. Effect of heating conditions on
physical properties of model hard candy. Food Eng Prog 10(2)
1 125-130

Lee SY, Yean MH, Kim JS, Lee JH, Kang SS. 2011. Phytochemical
studies on Rehmanniae radix. Korean J Pharmacogn 42(2) :
217-137

Lee TW, Lee YH, Yoo MS, Rhee KS. 1991. Instrumental and
sensory characteristics of jelly. Korean J Food Sci Technol
23(3) : 336-340

Manian R, Anusuya N, Siddhyraju P, Manian S. 2008. The
antioxidant activity and free radical scavenging potential of
two different solvent extracts of Camellia sinensis (L.) O.
Kuntz, Ficus bengalensis L. and Ficus racemosa L. Food
Chem 107(3) : 1000-1007

Oh HL, Kim CR, Kim NY, Jeon HL, Doh ES, Kim MR. 2013.
Characteristics and antioxidant activities of Rehmanniae
radix powder. J Korean Soc Food Sci Nutr 42(1) : 62-67

Park GS, Bae MJ, Seo GJ. 2011. Quality characteristics of the
Hasuo(Polygoni multiflori Radix) muffin prepared with
different types of sweeteners. Korean J Food Preserv 18(6)
: 836-843

Park ML, Choi SK, Jung IC, Byun GI. 2006. Rheological and
sensory characteristics of pine mushroom Jung-Gwa by
different amount of saccharide(honey and oligosaccharide).
Korean J Food Culture 21(6) : 695-701

Song DS, Woo KS, Seong NS, Kim KY, Jeong HS, Lee HB. 2007.
Changes in quality of Rehmanniae radix Preparata with heating
conditions. J Korean Soc Food Sci Nutr 36(6) : 773-778

Song HI, Kim KJ. 2007. Protective effects of Rehmannia glutinosa

and Rehmannia
b-amyloid-induced neuronal cell death. Korean J Orient
Physiol Pathol 21(1) : 190-198

Song MR, Kim MR, Kim HH, Chu S, Lee KS. 2010. Quality
characteristics of ginseng jung kwa obtained by different
sugar treatments. J Korean Soc Food Sci Nutr 39(7) :
999-1004

Yang MO. 2009. Quality characteristics of lotus leaf dasik prepared
with various sweeteners. J East Asian Soc Diet Life 19(3)
1 437-443

extract glutinosa  vinegar  against

Received on Jan. 24, 2014/ Revised on Feb.3, 2014/ Accepted on Feb. 19, 2014

Korean J. Food Cook. Sci. Vol. 30, No.1 (2014)



