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Abstract

This study was performed to determine the effects of drying methods (HD, hot air drying; FD, freeze-drying) on
the antioxidant and physiological abilities of Haw (Crataegus pinnatifida Bunge). Powder color values of dried
Haw, L and b, were higher for HD, while the chroma values were higher for FD. The total polyphenol, and flavonoid
contents of HD Haw and FD Haw were found to be 9.29+0.50 mg GAE/mL and 15.48+0.38 mg GAE/mL, and
9.41+0.26 mg RHE/mL and 26.46+0.34 mg RHE/mL, respectively. DPPH radical scavenging abilities at 100 mg/mL
concentration were higher for FD (64.90%) than HD (28.66%), as were the reducing power, ABTS radical scavenging
ability, and nitrite scavenging ability. However, the HMG-COA reductase of HD (74.67%) was higher than that
of FD (72.10%). The a-glucosidase inhibitory abilities of HD and FD at a concentration of 0.1 mg/mL were 24.69%
and 97.38%, respectively. These results indicate that Haw is a potential functional material and that freeze-drying

Haw is better than hot air drying.
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Apabste]  epel
pyrogallol, corosolic acid, hyperoside, protocatechuic acid,
()-epicatechin, ursolic acid 5°] €& UThH2,3). A<
phenolic compound®] -5 A}A| 8= A2 quercetin,
hyricetin, gentisic acid, caffeic acid, catechin, salicylic acid
ol 1 ¥lof| ferulic acid, naringin, chlorogenic acid, p
-coumaric acid= V| ¥ XE3E| o] Qlth4). AAe] A g
dere 8, FES, sk 3 & R aAd S o
3, 2FAFZE] corosolic acid 4 E- Aol Ae] 43} g4
o] 28 A& Foll @A AHAFTE Aot a5
N, 3 S 2HE dig s S AL e A eR
A AUTH5,6).

A ARAbtel] I3} Eo] 1= oFe] AR F pyrogallol,

JE-S 2= cyanidin-3-galactoside,
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hyperoside 5-& Aol B4 2+ A7 4 vekac
g4 4k (reactive oxygen species, ROS)= A&, Thull &l
L = ERATIAL olH @ AW 23] 4L S
H]Esto] of2] nhddgkel 7P el aQle s delA
ATHT). Al M= 2Fa} 2Hgo] dojdol whebr A
= A= 2ol doju o]& =k e MR
o] e 4Fell thet Balo] =opA|aL glom, drkzo
= dsA 8 SR 92 AHEEAL 3l BHA
(butylated hydroxyanisol)©} BHT(butylated hydroxy toluene)
= 2 ast BA aia g w2l wel Akg-el
A, 3 A F3 MR LRbA ]l 719 dHERE ofy
2, B A Al A, A, A, S8A Sl Az
= 28-S dodle Aloa duiA <k tiA atsA
o 7ol 87HAHE,9).
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& o oab.
b 2 Aol e el Az ke ks
glste] B2 Azxel dF Azxo] w2 s} SA ) A
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A A AL AT A E G sHPHAA 2}
Ashe AAlREE A 2014 109 FE6te] o] B S A A
T Agsi Y €302 937 27](IRD-250, Woori
Sci, Pocheon, Korea)S A& 3to] 55C 9] oA 72417
Az o EAAZE Freeze dryer(FD SFDSMI2,
Samwon, Seoul,Korea) 2 9617t AZ3IG . AREL o
2 7] (Nihonseili, Kaisha Ltd, Tokyo, Japan)& A}-8-3}o] 40
mesh® B33 & 228 7)) 235}0] 4Col|A] Has 23
o] AFg3tRom, gl AR EE A2 Sigma-Aldrich
Co.(St. Louis, MO, USA)9] A|&S AH&3F3it).

NEe 55 4 8 53
Az el whe Abke] FEHEe EAAIE 100

gl 1 Lo SFTE 7R & a3y o 25T
2 2ol A wWHE7|(Wise Stir SMHS-3, DAIHAN Scientific
Co., Seoul, Korea)S ©]-&3}o] 250 ipm o2 2447 53}
Ak, zHzte] F2E-S Whatman No. 1 9 2}x](Toyo Ltd.,
Tokyo, Japan)Z <{3}3} T} rotary vaccum evaporator
(rotary vacuum evaporator N-N series, Eyela, Tokyo, Japan)
2 7HE33 Fo T2 Z(freeze dryer, FD SFDSMI2,
Samwon, Seongnam, Korea) 3to] £ A| 55 A 2510 o
™ -50°Cel] Hashas Aol AHgsiitt FE=2 &
< FE2de FEUENA AE TS 7T vw =Y
ZAoll AHEEE A7 Azl dig MEEE Yepli ok

M &3

FE Eoo] Are gEwago 2 B chromameter
(CR-300 Minolta, Tokyo, Japan)E °©]-&3le] =73} th.
Hunter scale]] ©]3} L(lightness), a(redness), b(yellowness)
values 7% 33tk

m’m' JI)||

Ot

EojdHs ¥ E2E0|E &>
Z9Es -2 Dewanto 52 WH(12)] whEt Al
100 pLel 2% sodium carbonate 2 mL¥} 50% Folin-Ciacalteu
reagent 100 L= 7FeF § 720 nmel|A] S8 EE S0 L
™ gallic acid(Sigma-Aldrich Co.)2] 7 #Alol| 2|5to] ghaf
< AFESisiTh

ZetH -ol= S Abdel-Hameed(13)2] ¥ ol wie}
%% 100 mLol| 5% sodium nitrite 0.15 mLE 7}3F &
25Col|A 6%-7F W23k th2- 10% aluminium chloride 0.3

Z 7Fste] 25CollA] 57 W] 819 T T3 1 N NaOH
1 mLE 7Fslal ket T 510 imellA S-8%=5 531613
© 1 rutin hydrate(Sigma-Aldrich Co.)9] 7 &l o] &}
TS AEetah

DPPH ¥ ABTS+ =& &~HEHN

DPPH 2}t]Z AA 842 Bloise] W (14)el whe} Al
0.2 mLol] 0.4 mM DPPH (1,1-diphenyl-2-picryl- hydrazyl)-&-
4 08 mLE 7Fstod 1023 WA 3 v 525 nmell A 53
TE S35 em A4, DPPH radical scavenging
ability(%)=100-[(OD of sample/OD of control)x100]°1 <]}
o] FHEE A=E3%th ABTS gl 2AZH L Re &
o W5 wak 74 mM ABTS 22’-azino-bis
3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt]<}
2.6 mM potassium persulfate S E3ate] A-9tAo] A 24
AIZE &< WA 8t radicals FAEAIT The AE A Al
ABTS €95 732 nmollA F3%7} 0.740.03°] =%
phosphate buffer saline(PBS, pH 7.4) % 3]4]8}o] A[-8-3}%)
o} A" &9 950 Lol FE= 50 WLE 7hete] haelA
1027F ¥H8-A171 3 732 nmoll A F3 =5 23830
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Al4F2], ABTS radical scavenging ability(%)=100-[(OD of
sample/OD of control)x100]°] 2|8t &4 S 4H&319 T}

Of&lAY A7{EM

Kato 52| #(16)°] wWa} 1 mM NaNO, £ 1 mLel
FZE5 1 mLE 75} 0.1 N HCIZ 02 M citrate buffer(pH
252 7tsl] & H92 10 mLE 23tk ol 37C
oANA 1AZF BESAIZ] B 1 mLE FH 3] 2% 2AHE 3
mLe} 30% ZAtgdow 83)e griess reagent(1%
sulfanilic acid:1% naphthylamine=1:1) 0.4 mLS =314 o2
7k & Ao A 15831 WA, 520 el FREE 55
St Ul griess reagentS AME-51 0w A4k
nitrite scavenging ability(%)=100-[(OD of sample/OD of
control) x100]°] 2]3le] At&3l] L)

a-Glucosidase A3{|&d

Kim &< WH17)°] Wt %% 0.05 mL, 1 uint/mL
a-glucosidase 0.05 mL2} 200 mM potassium phosphatebuffer
(pH 7.0) 005 mLE & E3}3te] 37CA] 10123t AA s}
Stk ol 3 mM pNPG(p-nitrophenyl a-D-glucopyranoside)
0.1 mLE #7}sted 37ColA 1083 ¥HA1Z1 0.1 M
Na,CO; 0.75 mL=Z BH&-& FAA1A 405 nmell A &3 =5
3ottt old], &4 HluE 95l acarboseE AHE3IS
o}, A &AL aGlucosidase inhibition ability(%)=
[1-(Cabs-Sav)/(Cans-Ban)]X100: “Caps, HZT F8E Sam, Al
S5 Baw, A E FH7HE §3 5270l oste] 4HEst

et

HMG-CoA reductase X sllgd &4
3-hydroxy-3-methylglutaryl-CoA(HMG-CoA) reductase
A8 D42 Kleinsek 5] W (18)S WA ste] =7 361%]
t}. &5 40 1L, dimethyl sulfoxide 40 pL$} 0.5 yM
phosphate buffer(pH 7.0) 200 uLo| 20 mM dithiothreitol 200
1L, 0.3 mM B-NADPH 200 LS Y1 £33t} o=
37CellA 383t preincubationS g+ T2 0.3 mM HMG CoA
200 UL 718t 37TCAlA 583 ¥HE-A1Z1 £ 340 nmoll
A FRE HEE SAson, A Ak,
HMG-CoA reductase inhibitory ability(%)=[1-(Cabs-Savs)
/(CasBap)]X100: “Cans; HET T2, Sars; A5 FHE,
Baw Al H FH7HY] 3=l oJste] AEsisith

EAIAz2]

BE AP 33 o R gsle] HA| ot REUAR
YehHR 2L, 94 HZ5S SPSS(Statistical Package for
Social Science, 12, SPSS Inc., Chicago, IL, USA) Software
package program= ©|-§-5}%] Duncan’s mulitiple range test
2 ttestE AT

3|A] A23E AT (2016)

a9 o

2 2 Eke] & 448, A= Table 13

sANZ W FE2E] &2 61.70% 2.2 LEL
FAx AN} FEEL] 5350% 50 S RS Y
BTt o= AR 1 IpellM BAE Y T B4
Al AAbERe] Alazdke] sty &2 Qlete] FZo] &old A7
ujZelgka Aks |rk19). 3Hd AxoA = 87 E UER
L3 3 Es JeE & bate] AS E3dx2E A
g AN FE B =2 S Ueidler, Jans
el = agtd BA0ZE K 550 =2 s B9
th ol GFAx BT B 252 Q3 ARl i
A= ADHY Yook 5(20)8] ATolM EFAxE e
V2R BAAZ X% 7} RAEET Lk be
ghol =7 et 2 A3le] Ao} 2 A e
=3

Table 1. Yields and Hunter’s color values of dried Haw prepared
by different drying methods

. Extraction Hunter’s color value
Drying ields
Method e :
(%) L (lightness) a (redness) b (yellowness)
Freeze drying ~ 6170°  6620£0.07"  11.70:002°  22.47+0.08"
Hot air drying  53.50°  6530:0.13" 1648+006"  21.70+0.08"

"Values are meanstandard deviation of triplicate determinations.
Different superscripts within a column (a-b) indicate significant differences (p<0.05).

% Zajbs ¥ & B2RL0l=9 BHY

o W g FEE F ZelvE € 28
Hieo|E FHFE Table 29F 2tk 1A} 3289 & H=
ke =4 A% FEEA 1578 mggel TS Y
Qi EF Ax FEELS 929 my/gel THFS Yo
A Ax FEEA B =2 d9S e Nam
S22 AL AP E DFEFEE80T)0 A 20.02
mg/g?] FFS YeEhfo] 2 Ad Ao vl = S
YERN AT, o= F& Al % 2% Aoldl| 23 Zoz
AlgHE)

ZF ZPH o= e 54 Ax FEENA 2646
mg/g FHFS BYn EF AZ FEEINE 941 mg/g2
FS Uehfo], & Z2jslse 9
th ZEjoE SEES - ks @S A= A
o7 dEA o, o]x free radical S $H3HA]7
phenolic ringe] EA3}7] wlEoz dejA] ot 24
At &2 5] AEAZ AN FEERY F ¥, 2
ghE o] = ghefo] A YEhgTh ol iy F
o wje} HE=A sFghEe] g o ko] i H A
A7} Chang 5(22)] AollA] B3 54 X3 X%
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Table 2. Total polyphenol and total flavonoid contents of dried
Haw prepared by different drying methods

. Polyphenol Flavonoids
Meth §
Drying Method (mg GAE'fg) (mg RHEJg
Freeze drying 15482038 26462034
Hot air drying 9.29+0.50° 9414026

l)GAE galic acid equivalents.

RHE, rutin hydrate equivalents.

3)Valum are meantstandard deviation of triplicate determinations.

Different superscripts within a column (a-b) indicate significant differences (p<0.05).

9 FEE0] T X8l FEERG 52 Eeus
S Uehllo] & d9dx 22 4= Hdl

DPPH % ABTS 2z &H&4M

Az Wl mE At 252] DPPH, ABTS 2tz
2AEA S =73 A3 Table 394 2t} DPPH, ABTS
FoZ 2AGAHL et & Yehe A RE AFE-S)
), dvbd o 2 e 5] d AdBAo] ol =&
Aoz dHA] rhR3). Az W w2 Akalzte] DPPH
gz 2AEAL 0.5 mgml FrolM FEAZR 2AG
FZE0] 46.18%, GFEHZ ALY FEEol| A 13.40% %=
SAAZ Al 2259 S0 =4 YEtth Nam 5
QD] AelA 4AAk} FEE2] DPPH gH]Zd &2AEA

o] 42.18%= Vet & Ao SAUZ A FEEY
frof gt dd = JERQITH

ARA}a} 12“4 ABTS g}tz &AL F21dx 4t
At FEECA 94.89%2] FXE BHa, EFUE A
I FEEAA = 42.64%9] k= UER QIS ©]= DPPH
g 2AGA I FLe AdFS e e, Kang
249 AFolN FEEY gz 250l HERel 7
Qlste] gbsleAls Uehlio] & Eejdls ol =25
% DPPH, ABTS #t0Z 2AZA & e Bt dX|&t
= A% YeRdh

-

Table 3. DPPH and ABTS radical scavenging abilities of dried
Haw prepared by different drying methods

DPPH radical ABTS radical
Drying Method scavenging ability Scavenging ability

(05 mg/mL, %) (05 mg/mL, %)
Freeze drying 46.18+0.16" 94.80+1.88"
Hot air drying 1340:029" 42.64:190°

"Values are meantstandard deviation of triplicate determinations.
Different superscripts within a column (a-b) indicate significant differences (p<0.05).

A gy
ZHH o 2 A FEE9] Y
2 Table 4 JeRHAT. ;ﬁ_—%%} reductone®]
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th25). 5.0 mg/mLe] 22 FEoM FANZ A 5
B, AFAx 2 289 8998 0D 3 9 A
Z¥7} 344, 211 9] g2 Uehlo] A% A FEE
AA & TS Yehlis AE €21 & 4 2SItk Dun
5(26)4 B o] o5 0.8 mgmLEEo] o kg AbAla}
e %4 3k¢98 OD dte] 0225 UEho] 2 HAdHth
R ‘JrF/MJOi g 0]—“— A 7o et FEeE
%‘% 3 S7kekaL FE5hs Gulloll w2l o] Aol
= 7] wjZolgt AtETH27).

NOE= 2F H7F 47 A4 27 sl 27 ofd
59| o}ul 79} vhg-slo] Wkel B2 9] pitrosamine S A 5)
3L, L ol AFsH |z %%; dogle e
2 4 A AUo25). 5.0 mgmLe] FEol BAAZ 2}

FE2E, dFAX Al 25259 oldald aAEA

17} 88.00%, 55.13%°] #= Yelll= Ae &<l &
Atk FEAZR A FEE] oA A E4
FTUZ WY FE2E Ho 2 248 Yele
< & F e, ol EfuEy ZetE ol 33t
< FTFH met ztol= e phenoldl f+EA =]
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Table 4. Reducing power and nitrite scavenging ability of dried
Haw prepared by different drying methods

Nitrite-scavenging abilities

Drying Method Reducing power

(5.0 mg/mL, ODsy) (50 mgmL, %)
Freeze drying 3.440,00™ 88.002.34'
Hot air drying 2.11£001° 55.13+031°

"Values are meantstandard deviation of triplicate determinations.
Different superscripts within a column (a-b) indicate significant differences (p<0.05).

a-Glucosidase ¥ HMG-CoA reductase Aali&d

AzWHS 2Egt Axfg F=Z5E9]  a-glucosidase,
HMG-CoA reductase A3l @42 =73l A3} = Table 59
2o} dRbH o F g-glucosidaset= 27 A F A EQ] bl A
S 29 (brush bordermembrane)ol] &A= SAhEA, &%
AN SHE Fo| AES TrYa Le Fo 2 Folao]

EA170t}. a-glucosidase A3l A= ©
eR SRl e $5 Al 9
< o, 2le] ZEGel §
rabAl $Fh29). 0.01 mg/mLA = W a-glucosidase
A g S daie 2% W F2E
Az g 225 77} 97.38%, 24.96%2) FhS YERAS)
on, g ZT? 0.5 mg/mLe] acarbose} B] n8}3 2=
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AN FEEC] Ve Bk Yok Bela, B 24
= YeRAT ©]&= Nam 502 A3 5 A ojg
FZ=0°| acatbose LT} =2 Al A2 YERIITH=
To} B3 2= Btk =3 SAAx A =&
Eol €3Ux A FEEC vlE €59 =2 e
el = A= & F U%leH, o= Xu 5(30)2 EFH
FEEIAM Z #H= g9 DPPH 24 &AAEo] w5
5 a-glucosidase®] &40l ETH Huske A3 X8
© #= YERQITH

HMG-CoA reductase= Z & ~H| & A3 TAlol A 2}
-3} rate-limiting enzyme & 24 AH|Eo]u o] X e
ol=A shshEe] A AR F7HAAI mevalonic acid
o & wiNete dES vt webA] HMG-CoA
reductase &/J©] #3}5| ™ LDL-receptore] /o] 715
o % FUxHE 58 HAAZIY EuE vk
GD. AzxWgd wE b F5E9 HMG-CoA
reductase A3 S-S S4 3 AT} FANXE A FE5,
AEAZ AN 2525 27 74.67%, 72.11%2] 35 UEL
Wit 53] HMG-CoA reductase #1312 A@= &
FAx WA FE2E9 o] FEAXR WY FEE
Hrt} £ k5 Kol thE A3 o] e} AitE]o] 3=
0] HMG-CoA reductase #]3]] &AJol] o3l statins2
(33)°] 55T Az =4 Hghe vehd A= Alg
Ao} AL FEES FETS 0.1 mgmLe] T2
ascorbic acid®] HMG-CoA reductase #3&4 95.01%2]
Frdle vAA Zetg o dAAom w2 Al S
Ho] A A4 $H SH2ZH ] 78S UERAT
Kim 5(32)¢] A AtAbzte] A8 5 7 &3 A3 el A
Uehd At 2259 B33 ottt Aok

re o T >
’

o E_N

Table 5. a-Glucosidase and HMG-CoA reductase inhibition
activities of dried Haw prepared by different drying methods

Positive control

Measurement” Freeze Hot air -
drying drying Acarbose Ascqrbm
acid
a-Glucosidase 2)a3) b
by sy () 780057 24965112 901012
HMG-CoA reductase 9 11,047 74 67:0,90° 87.36+0.26

inhibitory ability (%)

YAcarbose was measured at 0.5 mg/mL another test samples were measured at 0.1
mg/mL.

Values are meantstandard deviation of triplicate determinations.

IDifferent superscripts within a row (a-b) indicate significant differences (p<0.05).

K

= 782 FEAE FEEN61.70%) BT T

(53.50%) Htt =& #h= Uehlglen, & Zeldlsdt &
gt ol E St e FAUR (N FEE0] EF
Z FEE Hsk & @& B3k gt &4 =g
A Ax A FEEAAAN EF X K FEEET
2 245 Uehi?la, 53] DPPH 2tz 42750l A
SAAZE AL FEE0] X M FEE Ho
3 9= 245 YERSYE  a-Glucosidase inhibitory

o Y

o:
il

=

¢

abilityel A= AU Z A7 52 AL, 9
Z79l  acarbose Rt T2 S Yehllon,

HMG-CoA reductase 43| &AM B2, 4% 2 &+
o] AAFoz =2 A &S Uehllo] Fel~EHE
Mgz ti3t 7S e olgfd AHE &
el & o TAAx WS o] &ste Blo] ATk Az
& e FAEAS oA & S e dxunlew

ke,
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