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Physicochemical Property and Antioxidative Activity of Hot—-Water Extracts
from Enzyme Hydrolysate of Astragalus membranaceus
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Abstract

To enhance the yield and bioactivity of hot-water extract from herbal medicine, Astragalus membranaceus
was hydrolyzed with carbohydrases, such as ClariSEB and Fungamyl. After hot-water extracts were prepared
from each hydrolysate (HW-C/F), physicochemical property, antioxidant activity and sensory property were
evaluated. The solid content (°Brix) of HW-C/F was higher than hot-water extract from A. membranaceus
no treated enzyme (control). Although pH of HW-C/F was lower than that of the control, the acidity was higher.
Lightness of Hunter’'s color values was increased in HW-C/F whereas redness and yellowness were decreased.
The contents of reducing sugar, flavonoid and polyphenol of HW-C/F were higher than the control but the
content of ascorbic acid was not different from control. The inhibitory activity of HW-C/F against lipid
peroxidation was slightly higher than control, but DPPH radical scavenging, ABTS reducing, metal chelating
activities were significantly increased by HW-C/F. The sensory evaluation also revealed that the sensory
panelists preferred HW-C/F to that of control. Therefore, hydrolysis by carbohydrases for preparation of
hot-water extract from A. membranaceus is one of the good methods to improve antioxidative activity and

sensory property of hot-water extract.
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chopper(HM-1800, Hanil Electric Co., Seoul, Korea)Z w}
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ase(PG), pectin-transeliminase(PTC) % pectin esterase
(PE)7} &3%t¥ ClariSEB(Specialty Enzymes and Bio—
chemicals Co., Chino, CA, USA)¥} 14-a-D-glucan gluca-
nohydrolase(Fungamyl‘@, 800 FAU/g, Novozymes, Bags—
vaerd, Denmark)S A}&-3}%c}.
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g M kS citric acid(%) FoE AP 5SS
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Y A e A 217 (model CR-300, Minolta, Osaka, Japan)S
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TCA € 08 mL& ‘—é‘—il 3,000 rpmol| A 58 ok AR
L 15 mL 2 10% folic phenol
a —?}?ﬂ“_{} T AL 1083 FAsta

2 s}oq scorbic acidg] ?:L%k% =

vonoid %2 Moreno 52 Ho (15)01] o3 =A 0}9&3}.
= A8 0.1 mLol 80% ethanol 0.9 mLZ 7}3}e] o] &£
0.5 mLol 10% aluminium nitrate 0.1 mL, 1 M potassium
acetate 0.1 mL % 80% ethanol 4.3 mLf'—— z+zt 7bskd.
9 WS AE Ao A 4087 WS & 415 nmoll A FF =
FE =AYt EFE A2 E quercetin(Sigma Chemical
Co., St. Louis, MO, USA)E 0.03% =2 3]435te] dFS ATF
Aol Pt At F71E AZPEE B4R AR

7hExgeta A A2 F=H4 4] polyphenol 3} <]
FeFe AOACH16)el whet A& 1 mLell 0.5 mLe] Folin-
Denis A1 2F# 1 mL9 ¥3} NaxCOs&, 756 mLe] SF/FFE
2t 2 st 302 AHg F 760 nmoll X FHEE S

sdon, RFEFZE gallic acid(Sigma)E AHE-3H4A ).
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2 2.05 mLA # 3} falcon tubed] ¥
I AE 2 mLE %4 748k & 0.05 M phosphate buffer(pH
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WA AGAIZE F<F AAE A Z A J=E thiocyanate
Holl gJiM Z33Ath SHWHOZE 24270k} 75%
ethanol 4.7 mLell Z+ A& 0.1 mL%} 30% ammonium thio-
cyanate 0.1 mLE ¥, A33] 32 % 0.02 M ferrous
chlorideE &3+ 35% HCI €9 0.1 mLE F7}ske] 500
mmollX FZEE SAEATh IV FEH9 F& 2 A
Z 7]‘0—"33 FAA717] fste] F71E AZPEE AR
A7 & 7tEAE3aL ARAIZ] FEH 9 ksl E4 9]
3}= DPPH radical &7%, ABTS radical cation de-
colorization, 898, §&0|2 A A% € At} ‘”ZﬂL
A BE Edle) 243519t DPPH radical & #%(18)&
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(3-ethylbenzothiazoline-6-sulfonic acid))$} 2.6 mM po
tassium persulphateS A Z3F & Ao 315 FoF WX
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Z45te] OD. @el 15 olshh Yo us 848 5
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o FFx o WEE FE3 0% Foll 43I Th 0.1 mM
ascorbic acidE o83l XFF S A & A7 T
A+l (AEAC, ascorbic acid equivalent antioxidant ca—
pacity)S T3 Th #V1E AIZPEE 5AEE A7l = 71E
Aeletal AFA7 FEH9 B9 FHLS Mau 59 WY
Q0)ell wat &2 7] FZ9 250 uLol 0.2 M sodium
phosphate buffer(pH 6.6, Wako Pure Chemical Co., Osaka,
Japan) 250 ulL, 1% potassium ferricyanide(KsFe(CN)g,
Sigma) 250 tLE 27 £33t 50°ColA] 208 &<t BHE-A|
71 3 1% trichloroacetic acid(CClzCOOH, w/v)E 7}t
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500 pLell 74 500 uLE &E33aL, 0.1% ferric chloride

ol
bl

R

ot

e

o

o,

(FeCls - 6H0, Wako) 100 uLE 7}3fe] wk&-H o] Fidw gk
< 700 nmoll X SA3H e FHE Fho]l =2 AL Yy
o] =& gudt a4aAd &) FE2d a4aAE

‘_g_o

=
2 A A & g0l A AT Wk Yena
WHED wet E44E &7 359 1 mLel 2 mM fer-
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SAXME]
B Aol A dojx A= SPSS 14.0(Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA) program
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Table 1. Physicochemical properties of hot-water extracts from enzyme hydrolysate of Astragalus membranaceus on enzyme

treatments

Enzyme Reaction time “Brix (%) pH Total acidity (%)

Control 2.17+0.06° 5.64+0.04 0.064 +0.004°

30 min 2.50+0.10 5.62+0.03 0.064=+0.005"

ClariSEB 60 min 2.53+0.06" 5.57+0.03™ 0.070£0.002°

90 min 2.47+0.06 5.56+0.02° 0.070=0.002°

120 min 2.53+0.06" 5.56+0.03° 0.070 +0.006%

30 min 2.73+0.06° 5.66+£0.03 0.057 +0.005°

Funpamyl 60 min 2.67+0.06° 5.61+0.03" 0.064+0.003"

gamy. 90 min 2.73+0.12° 557 +0.03" 0.065+0.004"

120 min 2.73+0.06° 557+0.01™ 0.070+£0.003™

““Means with different letters in the same column are significantly different (p<0.05).
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Table 2. Hunter's color values of hot-water extract from enzyme hydrolysate of Astragalus membranaceus on enzyme treat—

ments

Enzyme Reaction time LY a? by
Control 51.42+0.28" 0.01+0.03° 422+0.17"
30 min 56.37+0.31° -0.17£0.03" 2.59+0.12"
ClariSEB 60 min 56.15+0.19 -0.2340.05™ 259+0.21™
art 90 min 55.77+0.12° ~0.26+0.04% 2.26+0.319
120 min 56.51 0.05" -0.27 +0.09% 2.18+0.05
30 min 56.36 +0.12° -0.23+0.02 2.78+0.11°
Fungamyl 60 min 55.68+0.18" -0.2440.02 2.65+0.09™
gamy. 90 min 56.55+0.13° -0.30+0.04 2.66+0.05"
120 min 56.56 +0.20% -0.27+0.05% 2.5440.04°

'I)L* value; 0 black, 100 white.
V9" value; + red, - green.
5" value; + yellow, — blue.

d\leans with different letters in the same column are significantly different (p<0.05).

BIEA=

Az A, EaXEE SHA 2 RS 0.064% A2
Y ClariSEBS A 2] 3+ 73-%-9ll= 0.064%°1 4 60% &A% e
Al AAE 7} 9kzF Z7hebed 0.070% 9.0 H 1208 A2lsts &
Q7R A% =pol 7t flith. Fungamyl A2l 9] A -$-ol& 30
B A AldE 0.057% % P2THRT thh Be AR A
st ot GaA ] Alzte] S/EE AtEE FobA 120
E A7 AolE 0070%9] A= Bt o9} e Ax=w
Ho} ClariSEB % Fungamyl & A] #7]45 0] 85 7)
o] A7) FolxE Aoz ATEHA

A4S 7171 Hst
% 7tgA et oA
Table 29} 2t}
22 51429
= Sk Z-§-oll= 55.68
~56562.2 xRt 8432 A lightness7t Z7181 A
om 34 H 7R Al 2 foAQ0 Aol (e
RHog ettt 8438 87 &9 rednesse] A-$,
JZzFL 0010]R 2y ClariSEB % Fungamyl 245 A8
3 9ol -0.30~-0.172 thZoll B3t redness7} 7+
A el o g4 A37to] FUMESFE
Taste Aol 3 AFol A3 a4
o= 2F2re] g9 zpol7t J7le A Z Apol= ofd
EHAJT 7] FE2H] yellownessE AT HH
NZTLe 422019 21} ClariSEB % Fungamyl 842 3] €]
2.18~2.78% redness®} PIZHIAE yellow-
Ago|gom T AT A7t wE 2}
£ B XgA|gte] F7185E A A3 yellowness7h 74
o 4 A2 ClariSEB &247} Fungamyl &4
Bt} redness W37l k7t wE Ao =2 ALEE AT

7] dFF2d9 Az EaFed BE FEAE

T
nessk® 74 3s=

9] zto] wjiel 7t = 2 7oy
old] M E 2T A7t o] Bed Ao Z ATy

o] S e 2093 mg% RS
Y pectin 7FES] a4 E£E2 ClariSEBS A 83 7%
o= 56.00~76.55 mg% =z s Al7te] S¢S $
gHeFo] S7bshe 202 vtk e 120% A st
wjo] Y FFY 2 vlwshH oF 368 A=
Ao 2 Yeph 4 ot SdF kel St
& & AARY Amylose 7R3 £4-¢1 FungamylS
3k A9, Ao o] 7202~93.79 mg%E AT
g Alzro] F7tE S ol 7182 ClariSEBS A
Z3tAS HEY =2 AT IS YR
aAAYE A & dEZFY ascorbic acide] FEFS
3.02 mg% Ao} pectin 7FFES A EFEQ] ClariSEB
S AER A2 F9ol= 2.83~323 mg%E AP ATt
o] QVEVIAE o AL =713 P o) 1208 28] Aldl=
23]7 ascorbic acid®] o] Haste ASE e
T3k FungamylS #]2]3F -9 = ascorbic acid®] 33
2.92~3.35 mg% = 90E7}IA|= ascorbic acid®] §#Fo] =7}
g & FAshe Aol oy g WA B2 AJolE Ho|
¥e HOoR AR HAT o]¢ Zo] ATt HY as-
corbic acid®] & A}o)7F AL olf= vl ¥ S4A
T BT A4 EEA4 B &S Fste tEAEE
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Bue Aoz Aoyt
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Table 3. Chemical contents of hot-water extract from enzyme hydrolysate of Astragalus membranaceus on enzyme treatments

Enzyme Reaction time Reducing sugar (mg%) Ascorbic acid (mg%) Flavonoid (mg%) Polyphenol compound (ug/mL)
Control 20.93+0.51% 3.02+0.05 0.42+0.01" 627.98+9.20"
30 min 56.00+0.48" 2.83+0.04° 0.45+0.11¢ 636.77 £ 4.66™
ClariSEB 60 min 56.7340.26" 3.16+£0.02" 0.56+0.07% 632.09+7.90"
90 min 68.26+0.04° 3.23+0.15" 0.67+0.08™ 645.11+1.57"
120 min 76.55+0.27° 2.94+0.06% 1.0240.04° 663.95+11.27°
30 min 72.02+0.69° 29240.11% 0.27+0.01" 615.07 +23.60°
Fungramy] 60 min 75544 0.29° 3.23+0.117" 0.34+0.06%" 638.83+4.12"
gamy 90 min 76.94+0.31" 3.35+0.07° 0.57+0.03% 646.70 +6.93"
120 min 93.79+0.86 3.28+0.10" 0.69+0.04 649.45+8.61™

*"Means with different letters in
flavonoid9] &S S
A Fe NETLE 042 mg%E Bl F
2 ClariSEBS AIZPEE A2 st AT
o] 0.45~1.02 mg%E &4 g A|7te] FEFE =
7Vete Ao g Yehyal Fungamyl® PHE7FA 95 Kim
T23)2 IVE FFY trEd E4E AYsiAEs W
flavonoid 8}3HE9] FE5&0] AAXYE oA ¥ U=
ol Hl3te] FaFo] FUtstthal st B AP AT} AT
AL 2 UETH

715 AZMEE a4AE3) ARl T 7tEAE st A
71 FZ99] polyphenol 33HE9] FFS Hxao 45,
627.98 ng/mLE YEl oy ClariSEBS A|ZHEE A2 g
ZAS-oll= 632.09~663.95 yg/mLEZ HE2THT T £
FFS HAT G437 A7ko] S718 45 polyphenol 3
=] o] Ttske A FolAth Amylose 7HE8] &
49l FungamylsS A €]3t%<S 9] polyphenol 3}3H&
L8 615.07~649.45 pg/mLE ClariSEB & A 9} v}317}
A2 G4 Azre] F7FEE polyphenol 339
Fo] Z7tste Ao YEkth Kim 5(24)2 EA4A 2 e
ol & <14+9] polyphenol 3t3=9] FFS ZHS A7 =

13
A=

the same column are significantly different (p<0.05).

229 39S w polyphenol 33HE2] &3Fo] Fr1sitiar
st B Aol vud o a4 T/ 2 AP Agte] 27
B Ago Al&3F ClariSEB ¥ Fungamyl 5 H]
2 37 F& A BAAEE Y 4k &4
7H SFEES] gl FE F AT Ao E #Hy

c

gz AQAHAeE 59 5 AGsE Bt AA
7hahe] 013948 OD.gk thehhe] blank test 2hs}
g v 7] F2Ro| AARAE ABo] Age U
At

9 ClariSEBE AP E A2 350l 44 527
9] O.D.%°] 0.1130~0.129%52 272 w72 &3
A3k oAlsol YoM EFROE o7k B e A At

Table 4. Lipid peroxidation inhibitory effect of hot-water extract from enzyme hydrolysate of Astragalus membranaceus on

enzyme treatments

(unit: O.D, at 500 nm)

Storage period (day)

Enzyme Reaction time 0 1 5 1 5

Blank 0.0639+0.0008%  0.2247+0.0039° 1.0072+0.0087" 2.5362+0.0086 2.6707 +0.0080*

Control 0.0943+0.0013*  0.1071+0.0045" 0.1130+0.0004" 0.12284+0.0048" 0.1394+0.0069"
30 min 0.0760+0.0045™  0.0885+0.0015° 0.0938+0.0054°*  0.1177+0.0057  0.1264+0.0021"
ClariSEB 60 min 0.0727+0.0012°¢  0.0867+£0.0026“"  0.0925+0.0028°%  0.0932+0.0040° 0.1196 +0.0025™
90 min 0.0804+0.0017°  0.0911+0.0011° 0.0992 +0.0013° 0.1044+0.0016"  0.1295+0.0082"

120 min 0.0719+0.0028"%  0.0791+0.0023° 0.0961 +0.0022° 0.1032+0.0081°  0.1130+0.0024*

30 min 0.0666+0.0008%  0.0811£0.0022%  0.0840+0.0057° 0.0912 +0.0058° 0.1079+0.0084°
Fungamyl 60 min 0.0791+0.0027°  0.0795+0.0018° 0.0873+0.0005% 0.0986+0.0081°  0.1215%0.0079°
ungarny. 90 min 0.0672+0.0018  0.0811£0.0031°  0.0894+0.0055°°  0.0970+0.0028%  0.1185+0.0028>
120 min 0.0702+0.0009™"  0.0852+£0.0013"  0.0958+0.0001 0.1095+0.0018¢  0.1301 +0.0085™

“EMeans with different letters in the same column are significantly different (p<0.05).
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Table 5. Antioxidant activities of hot—-water extract from enzyme hydrolysate of Astragalus membranaceus on enzyme treat—

ments
Enzyme Reaction time DPPH (%) ABTS (AEAC) Reducing power Chelating) activity on
Y 0 (O.D. at 700 nm) Fe* (%)

Control 39.77+0.57" 31.67£1.19° 0.6498 +0.0068" 35.78+1.65"

30 min 38.91+0.68 33.23+1.16™ 0.5996 +0.0109" 34.00+4.36™

ClariSEB 60 min 38.87+0.87 33.59+1.30 0.6492+0.0049" 34.00+2.85¢
a 90 min 41.26+0.62* 34.61+0.89% 0.6693+0.0116 40.45+2.53%
120 min 41.07+0.53" 35.40+0.41° 0.6621 0.0084 42.05+3.43°

30 min 35.27+1.63° 39.60+1.10 0.5851 +0.0284" 27.93+1.39°

Fungamy] 60 min 39.54+0.11" 41.67+0.43" 0.587440.0196" 28.19+3.41°
ungamy 90 min 39.88+0.72"™ 42.85+1.30° 0.6465 +0.0094° 30.83+1.08%
120 min 40.93+0.67% 43.00+0.36° 0.6645+0.0047 37.14+1.26™

““Means with different letters in the same column are significantly different (p<0.05).
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Table 6. Sensory properties of hot—water extract from enzyme hydrolysate of Astragalus membranaceus on enzyme treatments

Enzyme treatment time (min)

Enzyme Property 0 30 60 90 120
Control 4.00+0.00° — — - -
ClariSEB Taste - 467+1.03 5.00+1.10° 4.83+0.98" 4.67+1.03
Fungamyl - 4.50+0.84% 4.67+0.82° 450+1.05" 4.33+1.03"
Control 4.00+0.00* — — — —
ClariSEB Flavor - 467+1.03 5.17+0.75° 467+151° 4.83+0.75°
Fungamyl - 483+1.17° 5.00+0.89° 5.00+0.63 450+1.38
Control 4.00+0.00 — - - —
ClariSEB Color - 450+0.84 5.50+0.55 517+0.75% 5.17+0.98"
Fungamyl — 4.83+0.75" 5.50+1.38" 5.33+1.37* 4.83+0.75"
Control Overall 4.00+0.00 - - - -
ClariSEB aceo t;nce — 450+0.84 5.33+0.82° 5.00+0.89% 4.67+0.82"
Fungamyl P — 4.83+0.75" 517+1.17" 5.00+1.41%" 433+0.82"

**Neans with different letters in the same column are significantly different (p<0.05).
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