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Abstract

The objective of this study was to investigate free amino acid composition, antioxidant activity, alcohol dehydrogenase
activity and the sensory quality attributes for the development of functional soy sauce using Hutgae (Hovenia dulcis Thunb)
fruit, which is well-known for improving liver function and alleviating various negative physiological effects following heavy
consumption of alcoholic beverages. Soy sauces adding six types of extract from Hutgae fruit (HF) were prepared (SSHI:
HF 20%, SSH2: HF 10%, SSH3: HF 20%/40 days NaCl extract, SSH4: HF 20%/20 days NaCl extract, SSH5: HF 20%
water bath extract, SSH6: freeze-drying powder from HF 20% aqueous extract), compared with soy sauce using the
conventional method. These soy sauces were used for determining alcohol dehydrogenase activity by NADH absorbance,
the antioxidant effect by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and sensory evaluation by sensory
scaling. Total free amino acid contents for most samples were in the range of 327.3 to 375.5 mg%, and then, aspartic acid
and glutamic acid content of SSH1 and SSH5 were higher than that of others. DPPH radical scavenging activity was shown
to be the highest in SSH4, also SSH1, SSH5 and SSF6 were shown to be higher than the control group. Alcohol
dehydrogenase activity was shown to be the highest in SSH5. In sensory evaluation, the highest intensity of roast smell
was observed in SSH4 while sweet taste was shown to be the highest in SSH5, and SSH3 and SSHS revealed higher overall
acceptability. From these results, Hutgae fruit soy sauces demonstrated antioxidant activity and alcohol dehydrogenase
activity. In conclusion, soy sauces containing the water bath extract of Hutgae fruit may be used as a functional seasoning.

Key words: Hutgae fruit, soy sauce, alcohol dehydrogenase (ADH), sensory evaluation

M =2 o]thLee 5 2004; Kang 5 2005; Kim 5 2006; Park 5 2006;

Kim 5 2008; Choi 5 2011). 1 9]of 3}k a3}, o AE

Sk SR, SR ok, Aqas, v Ak SR AR SOl e A7 B0 ckPak 5

AE(BAAR), HYORE), dx(XMA)2e S2¢m, 7t 2003; Park 5 2006; Kim 5 2010). 87& ©]-&3t A& 7L

3= 2 77 A 59 ke o] o] gE o] gtk Y I #HE A 31 AAE AR iEH 2 3

ogFet 715800 tigk A= AEH o2 BuEy ok o 7¥et W7, NG FEES 7 A8 Fo] HilE o
HE B 2 7F RS avt= 179 71 & A8 A 7|4 lthPark 5 2006; Kim 5 2007; Ryu 5 2007).

' Corresponding author: Hee-Sun Song, Dept. of Food and Nutrition, Gwangju Health College, Gwangju 506-701, Korea. Tel:
+82-62-958-7595, Fax: +82-62-958-7591, E-mail: songuta@ghc.ac.kr

- 747 -



748 J2=o] . Q1A A -

o T AGEAY, HBLE, SRFE,
3 & B F7HE olofA om gk EG
3419 94Aol TEE AT I ARl e AT Thep
shEjo] 7154 e A 8l Alzo] ek AT ofojA
o3 gick Ph7v) Ao BaA RHBS ol %
ue] AZ(Kim 5 1993), B8], F3, AFAS 290 o
Aoto] Az FRIHKang 5 199), Apf d55EE
2 WA ARG 7154 779229 O & Kim 2006),
D24 L AR FHOR BT AR HHChol 5
2006), T24], FeiH % bR oS o gte] Az 2
A(Cho 5 2007), FIBLAY BHL AL o4z, A9,
A, ol BE, w2 A3, Waek 37, B I,
53, 87 § 1359 ST G552E) W YL @
23 71l oiE AShim 5 2008), SFHFS £FOR
T2 A4 2ol FAKwon 5 2010), 127 ArkEE
N7 Hrkstel A Taol oJsl Az vks Bk e
A 7|zl WE F3 Wste] that d(Shin 5 2010) 5
o] Wuglo] glek. et oj413] 7154 Telet A
Aol that AT IR Aotk 2 dTelE U=

sBHS A FAET % 228 Wt 5L B B
2 geld 65 RY AR Tl 93t ) el g
B W dme B 2O HEE ST WA F
Brkstel 7154 WO 2AY Az ThsA) Bl AE

or Mo
f fr &N o

-
]_‘

>,

Lol ok

O
-

(i)

wpdel ofs) 5% A2 SR AAARE Fa 7Y
Shela, 2L Aokze) HAFS Telste] A

7 Az vF 1 keol o3 6 ¢ o £FEC5%)) )&
2100 $713olelo] BebthlFadB-11.545). B
T 40 Aol WFS AANL, 5009 4TS AR T
Aol Nmz Akt

2. Ny ZkEQ| M=

FAAuE ol L NG & B R &4
23S 47 b= sto] A 23 635 F(SSHI~SSHOE A=
2 AgsgTh

SSH13} SSH2+= S/ Bl E w5 FA1S) 2+ 20%, 10%
o] Hl &R dFet 97 g Y1 4094 AW F &
g5t} AR Z Shh SSH3L wiFo] 238 $90] 238
Y4094 HFE AW & =0 AgE 139 SHd

23] T2l E g A
(e FA Y 20%)F Fof 4098 HASte] A2 JA Y
d7vete] 5443H3lal, SSHA= H|Fo 258 $FY 2/3
Y1 2094, Hreo] &FE 1/39] SUHEHNHIF FA 20%)
£ ¥o] 204 A8t E& JAAE Wil thA] 209 =, o
F5 AAWL SA5te] ARSHITE SSHS= w5 A 20%
o AAEHE THEFE(T0C, 24 hr)ste] E2 F2ds
mlFet 3 Y A &5 =0 25%7 HES aEe A
7¥ste] g7t SA445F9 L, SSHe= Lut Aaizhd Alzye s
7t TS A ¥ & 3UNEH SEARES HIste] &
A e AR sl $2ARES w5 FA 20%
o AAEHNE 7IYEFE(0C, 24 hn) §, FEZARSI &
Aotk SHFES FENEYS SHRFE E |

xo] o FEsHgoH, 7SS W74 dEFE7]

(BA71A)E AHEste] FE3HAT:

KX
=

e
=

=za A=

m B
o
%

>,

3. Amino acid
$2 ololicAt BAS AAFZHARIIAT ] 24
< oj=ste] Anghe AUk 4] W2 sample 10 mlo]
sulfosalicylic acid 25 mg& H7}5ta] 4 Col|A 4X|7F T2 HHX]
AR % AR (50,000 tpm, 30:2)3te] T T2 A A5}
A5 NS 045 1m membrane filter2 oJ3}5}o] A2 oY

=

4. DPPH 2lC|ZF A0 s

ABEE ATA|No. 1ol g | AE B4 NS
AR, 2Tt Az Al SR E
stth. SR S48 AR 1l ofgs
700 M DPPH(2,2-diphenyl-1-picrylhydrazyl) 24 0.5 m
${ck. DPPH-A|2 Eqe1S 1057 W3] # UV-2aaes)

=
i

Table 1. Operating conditions of HPLC for analysis of
amino acids

Items Conditions
Instrument Agilent Technologies 1200 Series
Detector Agilent Technologies 1200 Series FLD
Column AccQ-Tag™ (Waters Co., 150 mn Lx3.9 mm ID)

Column temp 37C

A: AccQ-Tag Eluent A (acetate-phosphate buffer)
B: AccQ-Tag Eluent B (60% acetonitrile)

1.0 m¢/min

Buffer solution

Flow rate

Injection volume 5 10
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Table 2. Free amino acid composition of Hutgae fruit soy sauce

Fa3k Qo]
g &

D

Amino acid Soy sauce SSH1 SSH2 SSH3 SSH4 SSH5 SSH6
mgml % mgml % ngml % mgml % mgml % ngml % mg/ml, %

Aspartate 6.1 1.8 7.8 2.3 5.7 1.7 10.8 2.9 9.9 3.5 8.6 2.4 6.3 1.9
Serine 20.5 6.0 231 67 164 50 257 69 134 47 254 7.0  18.0 5.4
Glutamate 34.5 100 342 99 295 90 459 122 369 13.0 409 113 285 8.5
Glycine 10.6 3.1 11.7 34 9.3 28 111 3.0 9.7 34 113 3.1 10.5 3.1
Alanine 20.8 60 183 53 18.8 57 186 50 145 5.1 17.8 49 182 5.5
Proline 29.4 86 289 83 313 96 282 7.5 16.5 58 250 69 313 9.4
Histidine 14.6 42 175 50 166 5.1 19.1 5.1 184 65 178 49 152 4.5
Arginine 153 44 370 107 317 97 378 101 308 109 180 49 275 8.2
Threonine 33.8 98 283 82 328 100 303 81 302 107 350 9.6 331 9.9
Tyrosine 225 6.5 19.2 55 202 62 191 5.1 17.1 6.0 212 58 203 6.1
Phenylalanine 17.4 5.1 15.5 45 164 50 150 4.0 6.7 24 167 46 165 49
Valine 22.7 66 211 6.1 206 63 219 58 163 58 235 65 224 6.7
Lysine 25.8 75 272 78 217 6.6 334 89 312 11.0 326 9.0 223 6.7
Leucine 38.1 11.1 21.5 62 215 6.6 216 58 139 49 259 7.1 24.5 7.3
Isoleucine 24.9 72 310 89 309 94 312 83 154 55 367 101 363 109
Methionine 7.3 2.1 45 1.3 3.8 1.2 59 1.6 2.0 0.7 6.9 1.9 29 0.9

Total 3443 1000 3468 1000 3273 1000 3755 1000 283.1 100.0 363.1 100.0 333.7 100.0

D Soy sauces adding six types of extract from Hutgae fruit (HF) were prepared; SSH1: HF 20%, SSH2: HF 10%, SSH3: HF 20%/40 days
NaCl extract, SSH4: HF 20% /20 days NaCl extract, SSH5: HF 20% water bath extract, SSH6: freeze-drying powder from HF 20% aqueous

extract, control: soy sauce with conventional method.



70 459 - 4R

uto J3FS 31, methionine, valine, isoleucine, phenylalanine,
leucine-2 £&uto]|, glutamic acid®} aspartic acids= 72 5ko] &
T F= AoE gHA Urklee F 2002).

780 F3 goll 523 glutamic acid7F A 7Hgl B
2 frEotuiste g2 HuE AAY 2 A= 2
ol Uulk 71o]| A] glutamic acid(10.0%)= T2 G- ofm| AL
off sl We FFoR ARE oL, leucine(11.1%)] T
T = ASEAE 2] Rk 2PelA FEFo] 2 &
2 o}u] A2 threonine(9.8%), proline(8.6%), lysine(7.5%) 2. 2
e Shim 5(2008)2] @A-toll A= Gyt 7Hgoll A glutamic
acid(21.8%), alanine(9.2%), leucine(8.1%), lysine(7.1%)2] $H=F
o] #2 Zo= By vl ok w50 G4l ©E A
779] frEjotu] it thgt AR 4 7t F
lysineo| 7} W2 steFo 2 A1, glutamic acido] <
o AjHoz e Aoz By v 9lkSeo & Lee, 1992).
E3 FF387o) WE e A AR Aol Bt
AollA ©utmt 4% g = glutamic acid, aspartic
acid, serine, alanine, lysine, tyrosine, glycine@} £9ta} g o]
?)+= valine, phenylalanine, isoleucine®] A7+ o] W2 5
ohulizAto @ BT ETHPak S, 1996). Kim JG(2004)=
glutamic acid, proline, aspartic acid, lysine, alanine, leucine®] A
o4 ZHgolA] WmA Bl AEH ofulwAte® BIslY
o} olejet ATE TS} Hlwe) B uf 2 ATolA A B
o] ool wEolA sUhen) 7o) g7 7oA
AREE A A ZHEE ofm| At 2AS AFEIE A4
EEY FElopu|iedlt 247 fARE AoE A= gith

ANEH 7PEE9] RElotu|ieAl 2AS Ut 1 ]
P uj, 292 FL= leucine, methionine?] H]-&-2 /g
o 7Pg-Eo] Uvt 7He wls wWrout, gt gtol]
& aspartic acid®] H]&-2 A2 & Hol3it} SANEH
9] FRFEE0) B2 78 ov|=AkS 2 phenylalanine, alanine,
leucine, glutamic acid, aspartic acid7} ®11%]o] QIthPark &
Kim 2005). ZL2{u} Lyt 7ol HHZ o= -2 glutamic
acid®} aspartic acidE A|2Jstd ANEH &5 B2 TF
o2 Buy {7 opn AR G IHEEANE B2
Aoz HEHA U

Ak 7Hgof] g2 glutamic acid®] -2 NG 71l
ug} 7 zpol7h Aiet SUNEWE A W ' 1
= % SSHI-2 arginine®} glutamic acid®] o] 7} =3k,
SSH2+= threonine™} arginine©] =$tth SSH3-2 glutamic acid
2} arginine, SSH4+= glutamic acid®} lysine, SSH5+= glutamic
acid®} isoleucine, SSH6-2 isoleucine} threonine2] $l&Fo] &=
Ak SUNEME A Y g THES(SSHIT SSH2)2 o
W 7 W o2 3G 1ol Bl8) arginineT} isoleucine,

=

53 EREL LT
histidine®] ®]&0] EYth &5E JA FE2HL Yo E2
ZFAHSSH33} SSH4)2 aspartic acid, glutamic acid, arginine,
histidine, lysine®] H|&°] &=t3l, proline, leucine, methionine
9] vHl&2 Wth FRHFEES 9o B2 1PHSSHS)S
glutamic acid, serine, lysine, isoleucine2] H|-&0] =& Ho|g]
o gPFE § FEARES Yol T IPHSSH6)Z proline,
arginine, isoleucine, threonine2] H]&-2 =3kO L, leucine, lysine,
glutamic acid®] H]&-2 Yyt 7] vjsf E-2 Ho|qlth &
TS, AH8+tT, 5471 TY Zol7t fElotm] At
9] gt 24 FFE vA= ALE AtE v Sl
(Seo & Lee, 1992), NE 1FF=9] Felotn]=At 249
Aol FEEY H7F O sl Y L2 Aow wdt

ozl

2. DPPH 2iC|Zt A7 StAks) &M

DPPH 2}t]Zre] 848 50%2 W3 7j g

N
o
ox £
i)

A48} BY(SC)e Fig. 19] UERAIE 7V o] e 7
e NGNS 209 B AT YAT £E2E B

HSSH)T A% $2BE Yol U 7PYSSHOE 3
A¥SE FAo] EUTHp<001). olf3t Arke SAEH W
280l 38 st HEol §F AN E BHL 44
o Ao BT, $AE AR vhsg Ao] BE v
2 Y 714) DPPH el o AIZAS A4 Z0ge] ul
3l 30~40% A= L0 m(Shin 5 2010), o] A
Qo= A3 2P] DPPH oA @Al Ut A4 1]

264 266

250 239

175* 175%
158%*

150 134%*

SCso (L)

100

50

Soysauce SSHI SSH2 SSH3 SSH4 SSHS SSH6

Fig. 1. DPPH radical scavenging activity of Hutgae fruit
soy sauce. * and ** indicate significant difference between
soy sauce and Hutgae fruit soy sauce at p<0.05 and p<0.01,
respectively. SCso: Scavenging concentration, each extract
concentration required to inhibit radical formation by 50%.
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Fig. 2. Alcohol dehydrogenase activity of Hutgae fruit
soy sauce. * indicates significant difference between soy
sauce and Hutgae fruit soy sauce at p<0.05.
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Table 3. Sensory evaluation of Hutgae fruit soy sauce
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ol A Ak &4, g3 &

Sample” Smell” Taste Overall
Roast Offensive Umami Salt Offensive preference
Soy sauce 4.2 3.0° 4.4 6.0 38 42°
SSH1 4.1° 43" 4.0 6.3 46 3.5%
SSH2 3.0 47 3.6° 6.7 44 3.1°
SSH3 3.9° 3.5% 4.2® 6.3 32 5.0
SSH4 52° 2.7 45" 6.4 42 4.0°
SSH5 43" 3.0 5.6° 6.0 33 49
SSH6 38" 40™ 42" 6.2 45 37

b Soy sauces adding six types of extract from Hutgae fruit (HF) were prepared; SSH1: HF 20%, SSH2: HF 10%, SSH3: HF 20%/40days
NaCl extract, SSH4: HF 20% /20 days NaCl extract, SSH5: HF 20% water bath extract, SSH6: freeze-drying powder from HF 20% aqueous

extract, control: soy sauce with conventional method.

? Sensory properties were evaluated by a scoring test using a 7-point scale with scores from 1 to 7. The strongest properties were assigned
ry prope; y 2 2 po gest prop gn

as 7-points, and the weakest properties were 1-point.

% Values with different superscripts within the same row are significantly difference at P<0.05.
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