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Abstract

Currently many studies aimed at enhancing efficacy of medicinal food on biological activity using
bioconversion technology including fermentation process. In this study, the quality characteristics and
antioxidative activity of fermented Crataegi fructus was investigated. The antioxidant activity of fermented
Crataegi Fructus was assessed by various radical scavenging assays using DPPH (2,2-Diphenyl-
1-picrylhydrazyl), FRAP (Femic ion reducing antioxidant power), Reducing power and ABTS
(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)). Moisture content of fermented Crataegi Fructus was
39.3+0.06% Contents of crude ash, crude protein, and crude fat were 0.20+0.01, 1.77+0.04, and 1.40+0.59%,
respectively. Moreover, the hunter's color values of fermented Crataegi Fructus were 79.24 (lightnees), 1.58
(redness), and 31.25 (yellowness), respectively. Total phenolic contents of fermented Crataegi Fructus were
3,015+250 GAE ng/g. The antioxidative activities of fermented Crataegi Fructus significantly increased in a
dose dependent manner. In addition, fermented Crataegi Fructus slightly (10.4%) inhibited a-glucosidase
activity; however, there was no inhibitory activity against a-amylase. In terms of proteolytic activity,
fermented Crataegi Fructus showed a strong activity than pancreatin (used as a positive control). These results
indicate that fermented Crataegi Fructus can be used as a natural resource for material aiding digestion.

Key words: Crataegi Fructus, fermentation, antioxidant activity, quality characteristics, digestive enzyme
activity, proteolytic activity
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= - Ha¥WA(Han HK - Lim SJ 1998;
Hong JS et al. 1998) A 3t= 2l&Fo|u &21¢]
2Hg Bl AgEtol o vddske] o
A57F 7hsaiA L itk

T E Aol ofaha 323 of - ok 1 2ol
2t B3 glow A JUgEdA vFe E
b st FdFRY AN olelel BE A =(E)
= 7GRS He R O A %S

skl kA 54 FoAlskTh Ee &
o= 2ol 2 Fa 7% T Auxd Vs
oju} A frAlell BeAske 715 ol ek &
T7F Y= HEA(Kim PJ 2002) ©]23F 7|52 2t
= AEFE A0SR, Ao ooy wslelA|
T Qe A S e g o
tha gdete] ol AEES Wol &Rt
© AEA ] Bk A7 b -2t
T el E X3 Aok o] &gk A7t 19
=31 Y tHSeo MW et al. 2003).

AR, Crataegi fructus)= 52Ul 21| 2]
Abokel Aol A A shE AP Crataegus
pinnatifida BUNGE) & &% ZA21E2] <3
24 AT Rosacease)l| EotH 572 &
gk WA oF w8l AlukE 7EA] 3 gl Ak
A9, 23t 74, 2, A, Al Bl Hol
Uil SH = £ a3} 9lom, triglyceride
thAKKwon HI et al. 2005) 532 £/ 3l low-
density lipoprotein (LDL) THAKChu CY et al
20038 A= T AdUARE A=
gl Hold f50] Atk T3 A= ikl 24
(Kim JS et al. 19930; Song JC et al. 2000)°]
al1, 89 &IHMin BS er al. 2004)7} Folut A

A=A Mg fefadoRE &8 7he
A& HolFa ok B3 LS AFo R AR

g ARl EE AB-2A91 AAbaks) AAkRo] gle.
1} dgskslol gl e
S Ajbebd WHeAow avjdE F Qe
2 FO 2] 0] &2 A7 HZ3E 2JE]oth(Shin
SJ - Yoon HH 2012; Shin SJ - Yoon HH 2011).

e T HEY 521, e aAd

EAER QIS E52 Aol o 27 E] ghejg}
2 RIZEaell A A3, 71e g, Y, S gelA
de] B85 0] ghtiLee MK ef al. 2004). T &
& kA B Gl EAE HUKE T A1 g
£ &3l Alxdr} ofulf oF8-2 &l EAste o
2] 712 &4 B EC] E48) Hol Al &
st 9@ F5E7] A2 JulE dEE THLee HR et

al. 2008). T3 T EFH S AXA WA nlYE<]
23 28-S Bl MR f7lak 2 245 Raljat
B9 & AR A, BN, 5489 A T
7 e e AHE /A, AT Bote] T
20 g5 A3 AFAEo] W

W AEe] 1717 A ok 2 ithKang IM
et al. 1997).
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T FHYTEAe] Ao, Pus @
% 43t 83 52 3457 $15te] Whatman
No. 2(Whatman Ltd., Maidstone, Kent, UK) {3}
A5 o8t AFgt 7, 3117 FE57I(EYELA
N-1000, Tokyo, Japan)E A}-&3te] 40CollA] 7+t
sEAT. w5d TAN=ZY]
(Modulyod-115, Thermo Electron Co, Waltham,
MA, USA)E o|&3te] Axd EUR A 33}
A BE2 ARSI
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2. OIAL S0 EE EA
Atopz TEdle] dWYE £4& AOACH
(AOAC 1995)cl] =3} =
105 T A H € o] 83k 24

C 3l
st2E o] &3 A3 e r 77t BT
BE 342 33] vbEsto] AAlsiglon, 3
+ EFEAAE Yepdideh & EeEs 9
Folin-Ciocalteau] WS Wdsle] =331
(Sato M et al. 1996). =, 24} L& NS | mg/mL
o] F== A|Z3 H, 2% sodium carbonate 521
1 mL®} 10% Folin-Ciocalteu's reagent 1 mLE &
3+stod 1413 W] 3 Microplate Reader(Molecu-
lar Devices, Sunnyvale, CA USA) & 750 nmol| 4]
. ZF ZEYE ES gal-
lic acidE ©o]-g-3to] 2J3t EFFA(y = 15.851x
+0.0492, R® = 0.9992)0.% HE] SRS 7519
o} AbA} @E o] ML= Minolta(CR-400, Co.
Ltd, Osaka, Japan) 22}[A| & o]-&-3le] =335
a1, A=Ak Hunter’s valueQ! LEH(H ), afk(&
A %), bai (B ) o2 YERAITE o] wf ARE-gH
Frge] g AAE e = 747 9775,

49, 196010t S gk& A w5 3uks S35
o gk + EFUAE YERATE
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1) HAB0Is =&

2,2-Diphenyl-1-picrylhydrazyl radical (DPPH)
= free radicalell tgh Al52] ik} T5S g1l
st7] glsted Alg-gtth. MAFeds %2 Kim
5(2002)°] WS Wil S8tk Ethanol
o 8314171 4 mM DPPH €< 0.8 mLe] A&
0.2 mLE& 3718} vortex mixerZ 533t &35}
3 424l 10 min B<F WX ¥ Microplate
Reader® 517 nmol|A SF =8 S0t AA}
ol U 4ol ©|sto] DPPH free radical 4
Aes Ul

A2 S (%)

AExpcrimcnt - ABlank

={1-] 1} x 100

AControl

2) FRAP &4 =&

Benzie I & Stranin J(1996)2] B -S W¥gslo]
Ferric ion reducing antioxidant power (FRAP) as-
sy F AW wEe ] GAh5S 239
t}. Acetate buffer (pH 3.6, 300 mM) : 10 mM2]
TPTZ (2,4,6-tripyridyl-s-triazine) : 20 mM FeCl; -
6H,0Z 10:1:1] ¥] &= 4o} AP Ml vhHEo]
AAL BE NI Eesta 1087 ARoA] B

F 590 nmel|M FFES Sk

3) &t2lg] =& (Reducing power)

ghelzlo] =4S Oyaizu(1986)2] HH S WHE
sl 2438199k A8 1 mLol| pH 6.69] 200 mM
Q14 &=l 2 1%9] potassium ferricyanideS Zt
1 mLA A =2 7hste] wykgh £ 50T 9] 87
oA 2023F AR 7]l 10% TCA
(trichloroacetic acid) &2 1 mL 7}Fto] 13,500xg
oA 15 min <+ HAlEE et 45 1 mL
S % ferric chlorideE 7t 1 mLA £%3l
700 nmell A S35 S oI SedE S AR
A7 2] F33 % HE %@ s shlal
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4) ABTS ciCIZ

2,2'-azino-bis(3-ethylbenzothiazo-
line-6-sulphonic acid) (ABTS) 2}tz 27% =
7§ Roberta 5(1999)¢] W o= st
7.4 mM ABTS®} 2.6 mM potassium persulphate S
AT F, o] T Fo PGl Fol &
(ABTSH)& FAAZ F, 734 nmel|A] F33=]
#hol 1.5 oJslr} H == 3|4t 3]4E ABTS -
+&4 1 mLell A& 20 uLE 7hste] F-3=2]
82 o) 30% Fo St Fushse
Al2E 591 819l Dimethyl sulfoxide(DMSO)
£ HExTo R ate dzato] e o &7
e WEEE YERiIT:

ABTS radical scavenging activity

_IA_j'l = II‘l

ATest

=1- ) x 100

AControl

< Kwon 59| "ol ujet 5
5 tHKwon SK ef al. 1998). =32 9|3 71*‘
242 casein 0.6 g= 0.1 N NaOH 10 mLe] &
TRslo] 71 g2liA1Z] £ 0.1 N HPOZ 7}6}@1
pH 6.0°.2 273t 8-Aoj| 0.1 M phosphate buf-
fer(pH 6.0) 20 mLE 7} 100 mL7Hx| 2574
2 A83t] A-8-3A . Proteinase2] 442 0.6
% casein 8- 0.2 mL]| /‘V}”"E% 02 mLS 4
31 37CoA 1083F Fof 1t °l&
AAE-2](10,000 X g, 10%) ‘J ? 5 0.2 mL
S F31] 0.55 M Na,CO; SmL 3 £ 89 1 mL
S Frkela AoA 1583 AR o
UV-visible spectrophotometer ©]-8-31] 660 nm
oA FHEE St g
01] lug-/] tyrosines AJd3l= &4 2 1 unit
908, Eale (Wikg FHEBlank
2“’1":) X g2 31913l pancreatin(Sigma,
USA)S =42 Agate] &/9S vlusiich

E_‘
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2) a—amylase A=A
10 mg/mL F52] AA1EEE 23} Porcine, Human
2 Bacilluss TSt 7199] 1.2 U/mL a-amylase
250 lLE & &% ¥ 0.2 M potassium phos-
phate buffer (pH 6.8) 250 yLE 7}3+ed 37 CollA
i Zob wkg Azt ukg-dd] DNS (0.5 M
NaOH, 1% 3,5-Dinitrosalicylic acid, 30% Rochelle
salt) A]<F 500 yLE #7}8kal 100CAA 158 &
QF 3o A X171 3 w2 A YA o] ¥k
Hof| 3uje] FFTFE 7ot & wwkek & UV-
visible spectrophotometerE ©]-8-5+°4 540 nmol|A]
3= HstE S45ta AdlES ALtetdlon,
) ZEZ 2 acarbose(Sigma, USA)E Al&-3lo] #
S ¥ wEtAtHLim CS er al. 2005).

3) a-glucosidase AoHEAd

10 mg/mL =2 AHAPFEET} 1.5 UmL a
-glucosidase &A% 50 uL % 0.2 M potassium
phosphate buffer (pH 6.8) 360 1LE Z&35}e] 405
el FREE ST T, AeolA] 582
preincubationd}3l 5 mM pNPG (4-nitrophenyl-a
-D-glucopyranoside) 50 uLE 7}stod A-&elA] 10
B2 o vheAl7l § 5U3 g SRS
e, S| MR e g4 e
A2FeATKLIm CS ef al. 2005),

O:

o

5. S

A& ZA3}= SPSS package program(version
12.0)= o] &35le] HrxFE AR YeER oW
7t o] WEAZke] Aolol tiE Fol4L one-
way ANOVA 412 7t Hatake] A
A o)L p<0.05 oM HEdIA T

12 AJ}E <Table
>3} 2ok AL dg o] FESERS 39.3%2
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{Table 1> Proximate composition and total phenolic content of fermented Crataegi fiuctus extracts

Total
. Crude Crude Crude phenolic
0,
Sample Moisture (%) ash (%) protein (%) fat (%) corlltent
(GAE" 1g/g)
Fermented Crataegi
€ 393 £+ 0.06” 0.20 £ 0.01 1.77 £ 0.04 140 £ 0.59 3,015 £ 250

fructus extracts

1) Gallic acid equvalent
2) Mean + S.D

‘/}FJ'”'"’ ZANE- 1.40%, 2T 2 1.77%, %3

2 0.20%2] FAE YeR o™, 2AF W E ol
°ﬂ EAskE EelHlEel F2 3,015 + 250 ng/g
o8 yehstth ol2g A3= Lee YJ e al(2012)
o] Atokx RN AFoA EHelus9 ke
1,185 ng/g® & A9 Fejuls o] o &
235 UeRfATh AAE g o] A FAe
<Table 2>%} 2t} " =(Lightness)E& YER= L
e 1009 77He4= whiteS YERH,
(redness) S YER = agt2 +3te] 4 red& Y
Bl -3kE UEPE TS greens UERATE SHA,
bt yellowness(BHAIE) 2 +3kY 4% yellowE
-l 7P7HE55 blues WERATE A EA ol 4]
LI 7924072 e o™, afkdt bake bzt
1.58%F 31282 S = Yc.

A

@
I

2. Sigls =8

ARAL "-g ol o] DPPH assay 22+ <Fig. 1(a)>
2} 2o} AL g o] 0.2, 04, 0.6, 0.8 2 1.0
mg/mLe] X4 DPPH radical scavenging ac-
tivity:= ZH2} 27.07£0.6%, 28.50+£0.29%, 29.00+
0.67%, 29.93%+0.60%, 32.30%+0.63%°-2 kA
LR FE=o vt 74l uiel DPPH
radical savenging activity®= 2|2 2.2 F7lsl=
Aow vt

FRAP HPH-& 2o A 2] DPPH radical &7 &

% free radical S §
Aske A ol g s B Bk
el W, FRAP WS 41} o 9l WS
&3 =% ‘%} o]tiStudent AK 1980). FRAP
H
51

O o

o%

kAL kg ol o] A= <Fig. 1(b)>
ol *J} wgole] 0.2, 0.4, 0.6, 0.8 2 1.0
mg/mLe] F%oX FRAP &4 74z} 0.058,
0.057, 0.058, 0.054, 0.060 #to.= = =AUt}

gel =32 700 nmol|A] ferric-ferricyanide
(Fe3)EFEo] 45 Fostd felgtzds
S BIAA ferrous(Fe2H) 2 Z3lelE S S
T4 o= Yepd Aoz A= <Fig. 1(c)>
o} o] Akal wrg o] 0.2, 0.4, 0.6, 0.8 L 1.0
mg/mL2] FxelAe] ghelEe 0.19, 0.20, 0.20,
0.20, 0.209] g= YERAUTE

ABTSH < potassium persulfate£}2] HH-g-of] <
el AdHE ABTS - +o] A& T tshd &4

of olal A A= e SRl F 5ol DAY
= AL o] &3l ilEE S =Hst= o
% DPPH assay®| ¢ Atz &A=
A ABTS®= ol gl zg 478k Afo
7AW, F 7183 wkeEae] A ot gt
A gz A A s8] 2po]E HITHLI H 2007;
Jeong JW et al. 1994). ABTS radical A E/d-&
w4 e A¥k= <Fig. 1(d><k 2ok A 2E o

1o

=
=

_4

{Table 2> Hunter's color values of fermented Crataegi fiuctus extracts

Sample LY

aZ) b3)

Fermented Crataegi fructus extracts

79.24£0.14

+1.5840.19 +31.28+0.27

1) Lightness (L), 2) Redness (a), 3) Yellowness (b)
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0.2, 0.4, 0.6, 0.8 2 1.0 mg/mL2] =] ABTS
radical scavenging activity= Z}Z}F 0.10%, 2.58%,
2.60%, 3.02, 5.07%= FelH oz Frlehe Ak
o] Yehdtt olet 2e A= Lee YI e
al(2012)°] Abopz ol Apoa] B} e g
sheles JEMIAIR, datslsS H7kshe vl
TR Agel] 2Ap dgde] A9 FrEE
ikl felH o Frtetes o R Kol g

AAb kg ol o] vkl 2ol thek Al A
Als H < 294.24 unit/gC.2
2=EZA=Z AE-3t pancreatin(32.52 unit/g)E.Th

LL]]
usample Ascorbic acid aHT
100
z — - -
§ &
:
g _ 1 | & k
: L
A ag i
i T T T - B
z ]
=
R
o2 04 ] 0B 1
i gt (g
i)
2 sample Ascorbic acid W EHT
I
= L3 I

I

i
) =' I I
2 o4 nE o.e

w
=

Abwrbaros (7 W
-

Congentraticn {regnk}

=7 Yebdt<Fig. 2>, A RS EC] w2
S 2ol YERN A K Park ST et al. 2012),
et glEe s JEhIIe wel ol g
AIRE Lee KJ et al.(2009)2] A7-A 7ol 2|2
FZ2E 5T U D Eses S A}
et Ee gl Esss Yehlie 3o
velsith 2 A3dS 8 Eeld Ak et
il Ee e UeEllE A8 2 1 EAol digt

A7F o mRIg Aol ma AL F-8A4%
o 3t A7t F7k= 28 Ao w AziEch

2) 25t S22 Mol St

thekgt 7]19l(Porcine pancreas, Human saliva,
Bacillus licheniformis)2] a-amylaseZ ©]-83to] 4F
b F2E0 54 24 Aslans S vk o
ZEAZ ALE3E acarbose’} RE 7€l a

>~

(k)
®sample Ascorbic aid BHT
4
F3 1 1
1 I
g I
]
1
= - - - - -
03 04 a8 a8 1
R T
(dy
sample Ascorbic acid BHT

120
100 T

am

ar

20

MITE mdinl sanasging sy B

<Fig. 1> DPPH radical scavenging activities(a), FRAP value(b) and reducing power(c), ABTS radical scavenging
activities(d) of fermented Crataegi fructus extracts Each bar represents the mean + SD of

quadraplicate determinations, n=3.
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= - [ B - [
Qo w Q W (-] W
o (=3 L= E=] (=] -]

Proteclytic activity(unit/g)

b

FCFE

g=z2) 53] A 1978 Al 55(2013)

Pan

<Fig. 2> Proteolytic activity of fermented Crataegi fructus extracts Concentration of all thw samples were
10 mg/mL (FCFE : fermented Cartaegi fiuctus extracts, Pan : Pancreatin).

-amylasel] thall 90%2] 7&k Aell S Hol= Hhd,
APAE EE NS g-amylase®] DAl o FEFe
X A] &3k T<Table 3> EE 7199 a-glucosi-
dasecl] gk 2hAL R O] A BIE S35 ul,
2= acarbose= 10 mg/mLe] FIofA]
73.5%°] Asf&ds BAo, AAF EEA 10
mg/mLe| TE=Z XA 10.4%2] AdEdE
ERfi AT<Table 3>, whebA], A gl e A%-4
21Fe] 28tE HAshe 7]50] nlste] AR

o gerksAe e Qo wudr,

V. Qo gl 2=

B AT E WE S ol § A TR
oo] G B4 9 aspagel B 724
28 AFRA AL BEA ] QYR A,

e 39.3%2 UERLa,
ZATE 1.40%, TS 1.77%, Z3%-E 0.20%
o] £ 5 YeRQIt) 4tAl @g e EA 3=
Zo)9 59 ke 3,015 + 250 pg/g & LFERSE
T} ARAL dbgalo] Al B Lk 79.240
2 UEhston, aghdt bk 2H2t 1,583} 31.28%
Exhzbasd

AbAL @ g o] DPPH assay A3 A4 &
Aol 0.2, 0.4, 0.6, 0.8 L 1.0 mg/mLe] F=oA
DPPH radical scavenging activity= Z+Z} 27.07+
0.6%, 28.50+0.29%, 29.00+0.67%, 29.93%+0.60%,
32.30%0.63%°-% AW WE Y FE=0 F=7t
<718kl w2l DPPH radical savenging activity =

{Table 3> Inhibitory activity of fermented Crataegi fiuctus extracts on a-amylase and a-glucosidase activity

Inhibitory activity a-amylase(%)

Inhibitory activity

a-glucosidase(%)
Origin Porcine Human saliva Bacillus licheniformis
pancreas
Fermented
Crataegi fructus NI NI NI 10.4+0.91
extracts
Acarbose 92.3+1.07 90.3+1.47 93.1+0.98 73.5+£3.14

NI : Not inhibition
Values are mean £+ S. E. Values are mean of triplicates.
Concentration of all the samples were 10 mg/mL
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fFeldoz Frkshs Aoz YEth

FRAP WPH o= Sk AL gl o] 0.2, 04,
0.6, 0.8 2 1.0 mg/mLe] F=ol|A FRAP €/d-&
7}z} 0.058, 0.057, 0.058, 0.054, 0.060 Fto& =
HE ATt w3k, AL g ale] 0.2, 0.4, 0.6, 0.8
3 1.0 mg/mLe] oA o] 2= 0.19, 0.20,
0.20, 0.20, 0.20°] #k=& HERHATE AAF TE A
©] 0.2, 04, 0.6, 0.8 2 1.0 mg/mLe] FEolA]
ABTS radical scavenging activityt= 212} 0.10%,
2.58%, 2.60%, 3.02, 5.07%% 2|2 o7 Zr)a}
© 733o] Yetwth atsksS rlkeke vl F
go] Aalx] AA} wkg ool ey
Akzlso] Gojd o g Zylets Ao 2 Hol ga
st &3} Aoz A7e.

AR} ubgolo] whul BE] 50 294.24 unit /g O

2 OxEdE /\}9‘-5]' pancreatin(32.52 unit/g)E.

EE
3%

f

ot

A

¢

o) =
AT

o =4 Yehgen gt dhliees YER
ATt a-amylaseS 01 got] M FEES] B4

24 A EHE S v =
acarbose’} T 7] 99] a-amylaseol] thall 90%2]
et AalE Heole= REH, JRAF dEgde o
-amylase®] Z/del] oFF#l JgFS mR]A] ESkrh
g5 7199 a-glucosidased]] T3t 2FA} BEE o) o]
Al 2= 4% vl i 2EZQ] acarbose= 10

Az g

mg/mLe] FEoA 73.5%<] AP Byl
Y, 2k} dkgel 10 mg/mLe] ¥ X%Wl
10.4%°] A 23S YepASAt). wheba, b

EQE_Q_ X—]‘:‘7\1 /\]—Lv/] §]_‘i% ix]—g]._# 7] ]
u]Ok o:] *Xﬂi/l &7]._4/\40 o 7qoi,q.

ETh B AFS Eof goly Akrle] =3 ¢k
RS JehlE 4% % 2 g da
T} ok PG Aol nE A 1 f-84
of BE A7 Foke Bed Roz Yawh
A RS $58 PATIE ebd B
o telrE d% A7t 2
o, o1 AN s} PATEAL
o) AALAR o] §% o
whapa] Abale] Wl

¢

i r&

A EAd 143
St dayge] M 2 HHs) 5o =5 A+
7t B8 o Alrdn
g2 X2

B oAgto e AL dbgolo] A EA] 9 g}
kst 2 A3leA g3 Hrlskgdn) A ikE
o] FRIFEL 393+0.06%0|N 0, 23| H
0.20+0.01%, ZA¥ 140+0.59%, gz

1.77£0.04%°] Atk 18]31 AAL ER o] FuilE
ek B2 A3} 3,015+250(GAE pg/g) & LUFERSE
o}, B A Lk 792402 YERG O,
awtd bak2 27 1.58% 31.280.2 =AU
gt &atsl 971 2d(DPPH, FRAP, $He,
ABTS)S Edtod 2hA} whgole] ghiksl S-S
z@ 3} 7534.’ }\].,q_ H]—Eoﬂ_o/] 5111:‘7} 57].@.0“ Lq,
2 ikiro] felden 2ok Aea v
Stk gk, ARAL i Eele] I 5@; S 371817
23, Porcine pancreas, Human saliva 2! Bacillus li-
cheniformis 7192 a-amylase®} &% 719¥99] «a
-glucosidaseol] W3+ FEE2] A &S A}
3t A3}, g-amylase| A= A &g S Holx| &
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