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Abstract

In this study, the antioxidative activity and functional food activities of water and ethanol extracts from Pinus
densiflora root were examined. It was more effective to use ethanol than water when extracting phenolic compounds.
The extracted phenolic compounds from Pinus densiflora root for biological activities were examined. The phenolic
compounds extracted with water and 80% EtOH were 1.86+0.04 mg/g and 6.85+0.16 mg/g, respectively. DPPH
free radical scavenging activity of water and EtOH were each 86% and 85% at 100 pg/mL phenolics, respectively.
ABTS radical decolorization activity was 48% in water and 68% in EtOH at 200 pg/mL. Antioxidant Protection
Factor (PF) were 1.74 PF in water and 1.96 PF in EtOH at 50 pg/mL. TBARs of water and EtOH were 93%
and 98%, respectively at 100 pg/mL. The inhibition activity on xanthine oxidase was 83.7% in water extracts
and 79.6% in ethanol extracts. Inhibition on xanthine oxidase of water and ethanol extracts showed a higher inhibition
effect than allopurinol. The inhibition activity on a-glucosidase was 14.8% in water extracts and 91.6% in ethanol
extracts. The result suggests that P. densiflora root extracts may be useful as as functional food material.
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B Aol Al B
< 7915107 40 mesh® HA3 F 4Tl BasA A5

7)
FE80°] 7P =% 80% ethanol& AH-8-5t

1 gl 80% ethanol 100 mLE 3 7}5}]
24A1ZF &<t shaking incubatorol A wHF F=E3Th 7}
52 Whatman No. 1 filter paper2 o133t & 2 9 o
T

Total phenolic A&t

FZ% 1 mLel 95 % ethanol 1 mL%} S/ 5 mLE
Z7Fslal 1 N Folin-ciocalteu reagent 0.5 mLE 2 4]0] 5%
7t W28 3 Na,CO; 1 mLE 7Fsle] 3= 725 nmol|A]

1AZE o]lol] &7 3}o] gallic acidE ©]-8
TFH = gLbsiddan.

43 FEFHo=

J|)|I

DPPH radical &7 %3}

DPPH radical®l] th3t &7 2 J%v* Bloise] "I (18)°l =
sl 23519tk 2 A& 1 mLell 60 M DPPH(1, 1-diphenyl-
2-picrylhydrazyl) 3 mLE 23l vortexd+ § A -2A] 158-3¢
HHEAIA 517 nmoll A 3 EE S8t dAEo s
(%)< 1-(RH&-7-9] T8/ 79 53 5)x1002.% et
ATt

ABTS cation radical decolorization(ABTS) &H=3} &3

ABTS(2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid)
radical 224 &3} =% 2 Pellegrins2] R (19)°l 2J&f =
A3l tE 7 mM ABTS 5 mL$} 140 mM K,S,05 88 uLE
Egtste] Ao 14~16A17F WAl A radical S A
71 &, o]= absolute ethanol™ <F 1:88 H]&= 4¢] 734
nmol| A 279 F3% gho] 07400027} H =5 24
ABTS solutionS AF8-3}1 T} A| & 50 uLe} ABTS solution
1 mLE &33lo] 30%7F vortexdt & 2587t vhEA| 7|1
734 nmol| A FFEE 573U} ABTS radical 227 &7
(%)= 1-(FH&T9 F385/t =79 $85)x1002.2 e}
Riei=

Antioxidant protection factor(PF) &3

PF= Andarwulan®} Shetty] WH(20) 2.2 73}t
[B-carotene 10 mg-2 chloroform 50 mLel] <1 & 1 mLE
evaporator-& 57|l ¥ 1L 40°C water bathol| 4] chloroform=-
ZFA1Z1 & linoleic acid 20 L, tween 40 184 L, H,O»
50 mLE A7} emulsiong A Z3FA T Al S 100 pLol
emulsion 5 mLE £38] 50Tl A 3027t WHg-A1A WA
71 %, 470 nmo| A FFEE 4 st th3o] 2o o)
PFt2 AlMFelsith PFe WhHE-9] S8/t 279 v =
BRI i=g

Thiobarbituric acid reactive substances(TBARs) 3
TBARs+= Burge®} Aust®] WHE21)ol 2Jal %3+t
1% linoleic acid®} 1% tween 4022 emulsions A 23},
A& 0.2 mL$} emulsion 0.8 mLE 233 & 50T water
bathol| 4] 10A]17F o]/ WHg-AIZ T Whg- & WES-< 1 mLol]
TBA reagent 4 mLE 7}t 1583t S8 tha 1043F

W2 A 15871 1,000 ppm o2 YA R STk YR
7] & AS Ao 1087 W 3 T A= Hsg

532 ol X FHEE 2351 00, TBARs HE FHE
2] x0.0154% 1 mL ¥H2-E 35 EH“&‘H}ﬂ A 1,1,3,3-
tetraethoxypropane (TEP).J IMZ A2ket & thge] Ao g
TBARsel| 3 A&l &S Axksith Adfl&(%)2 1-(3+3
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T-¢] TBARs M/t Z7-2] TBARs 1iIM)*x1002-2 LERASL
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EZYx(xanthine oxidase X3l) &1t &X

Xanthine oxidase(XOase) #]3ll &3} =% & Stirpe<} Della
Corte®] "H(22)oll &t STk &, vHg-7+= 0.1
M potassium phosphate buffer(pH 7.5)°l %<1 712 2 mM
xanthine 3 mLel] E£44(0.05 U/0.1 mL) 0.1 mL¥} A&
03 mLE Y1 d2Fe Als Uil S/F5E 03 mL
Arlsle] 37 COH/H 587 WA 7] 3L FFA]eF 20% TCA
1 mLE 7}k & vhg-l& el sto] Wil & A A st
A3 wric acidE 58 292 nmellA S5k, Al &(%)
2 1-(9H-8-7-9] uric acid pg/th Z7-2] uric acid 11g)<1002-2
YR AT

2235l (a-glucosidase) M =1 A

a-Glucosidase A8l &3} =7 -2 Tibbot2} Skadsen2]
(23)ol] =3}e] =731 th 50 mM sodium succinate buffer
(pH 4.2)°l p-nitrophenol-a-D-glucopyranoside(PNPG) & &
SAIA 1 mgml =2 7143 W3, 714 1 mLot 84
o 01 mLE EFste] NETolliz AR 01 ml, BT
S5 01 mLE €0 37Tl 3083t HES-AIZ] 3 A
Ok 1 N NaOH 0.1 mLE 7}stoich olw A€ p
—mtrophenola EEFZA st S shaksla, A8l
(%)= 1-(3+-8-79] p-nitrophenol pg/t 32| p-nitrophenol
1g)¥1002. 2 ERASLT,

SAHXZ

¥ Age) AT 38 WEele] 299 Fraks ek
Rom FEtEFAAE Yepldeh S ﬂﬂlt SPSS
7.5 for windows(Statistical Package for Social Science,
Chicago, IL, USA) T2 135 o] &3sle] BA 2|8t
X (analysis of variance) 2! Duncan®] 5374
H (Duncan’s multiple range test) 2.2 95% oA 724
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Fig. 1. Effect of various solvents (A) and ethanol concentration (B)
on total phenolics contents of extracts from Pinus densiflora root.

The data were expressed as the meantSD (n=3). Means with different superscripts (a~f)
are significantly different at p<0.05 by Duncan’s multiple range tests.
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2 £E80 gust 2N
%2 5289 DPPH radical &4 &3 =%

AAgod s =3 o] A9 1-1-diphenyl-2-picrylhydrazyl
(DPPH)+= phenolic 8}t 22 HAgod A ¢} ¥h-g-a}17
=™ phenoxy radicals M =W, Fg ek EAp7) Hch
3 Fold Axks H7tg A o2 Ajtste] AgHE o
H] 2|3t} DPPHO| 7l bl Zho] 3 @ =] A Erh26).
TeT FEES o83l MAPdTE ¥ 23 Fg
204 ¢} 7Fo] 50~200 pg/mLe] phenolic H3HE = W90l
N BFEE] A$ 7344~89.19%2] HAF%Z, ethanol
FEEA 67.58~94.40%2] AAFI TS YERNATE =
&t A7} = phenolics®] o] T71EE AT E
FolA] TR EA S YEE Ao IRl
Cho 5(2)< & & FEE<] itsl 34 2z, 4
FZE7 ethanol FEE]A 27} 832, 89.7%2] HAbg-o]
< Uehdda 2ud A vwshd 552 FEE
Aol so] gt o 2 & F U g T
Qne TR F 2=, A

, S7H 5o dFFEE 250 pgml FEolA 50% ©)st
o] v+ DPPH radical 24 &3S YeERItta Hagh
A vlwapd, 2 Aol AHEE T2 25 50 ng/mL
9o Fro M= vf$- %43} DPPH radical 24 &HE
Hell= 2o ® gleit

off

O Pinus densiflora root Water extract
100 - @ Pinus densiflora root Ethanol extract [ d
BBHT 5 (B be

80

DPPH (%)

40 r
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Fig. 2. DPPH radical scavenging activities of extracts from Pinus
densiflora root.

The data were expressed as the meantSD (n=3). Means with different superscripts (a~d)
are significantly different at p<0.05 by Duncan’s multiple range tests.

242 3289 ABTS cation radical decolorization
(ABTS) &A & &%
FEEEY A 4itst 532 hydrogen-donating

antioxidant®} chain breacking antioxidant 255 &4 &
2™, ABTS radical 224 G 3= 44 2 lipophilic &2
o] grtst S I1T F Avh19). kst o]
potassium persulfate©}2] WHg-of] 2]3] HAH ABTS' free
radical & A| A5} radical®] A 54-S EAA7| = P2l &

ol &3t ikl FIE A3 A} Fig. 30419 2ol
22328 5 FZEHT} ethanol FEEA] AFow

O 2 293 vehfo] 1148 2 lipophilic £ tigt
Frrste o] -d e & F AUk Eo ks
30.70~68.40% % 7 7}% & phenolicsol] =2 F2 o2 =
7Vehe FdE YERRITE ol 9% FEE ABTS
radical AJall€-] 1,000 pgmLe] H7} H=olA 70% 3 =t
© Hug)iet 73 2AATE w52 FEEY
/3 3 lipophilic =4l thet 3itst Eah= HlwA
o o= AT 4 Uk

[ Pinus densiflora root Water extract
M Pinus densiflora root Ethanol extract
BABHT

BO

60

20 | 3

ABTS radical decolorization (%)

50 100 150 ' 200
Phenolic content (pg/mL)

Fig. 3. ABTS radical scavenging activities of extracts from Pinus
densiflora root.

The data were expressed as the meantSD (n=3). Means with different superscripts (a~d)
are significantly different at p<0.05 by Duncan’s multiple range tests.

F4T F2E2| antioxidant protection factor(PF) 7%

A& Abslabg o] F7HFEQ] free peroxyl radical B
-carotene®]] EA|3l= o] AT HAE FH3 B 3}
FES A Ha, ol E84 3RHEES free radical
of oa dojue= A THAIA At DA sHA
Hrh29). 2Fsh7t 2P HA 28522 B-carotene 2]
QXM M7} decolorization® 1L FH5 T FEEY
antioxidant protection factor®] 2] E &7+ A} Fig. 40l
A ¢} o] & FEEL] 79 1.74~2.00 PFE, ethanol F&%
A& 1.96~2.19 PFe| &1tsls& WERH AT Andarwulan
7} Shetty(20)= A8 &4 digh AISH =5 PF S <
2 YeRida gAtslE S ve= 710l 1.2 PR o]/do]
gl 71&st9en, Cha SG0 Y FEE9
antioxidant protection factor”} ethanol &%l 1.25 PF}t
3L Busklal, & FG6ne] A agnt e &
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Fig. 4. Antioxidant protection factor (PF) activities of extracts from
Pinus densiflora root.

The data were expressed as the meantSD (n=3). Means with different superscripts (a~d)
are significantly different at p<0.05 by Duncan’s multiple range tests.

35T FEE9) thiobarbituric acid reactive substances
(TBARs) 7%

Ethanol &%=W F&< F5=°] thiobarbituric acid
reactive substanceS =79 3+ A3} Fig. 50|49} Zo| & &
EE T} ethanol B iAoz o & 242 v
Bl ™, ethanol FZEll4= 50 pgmLe] #| F=olA
T 9740%°] =& AdlEe Ueilo] 284 4 gk
grkslE = v 9 o AS g1 4 AT TBARs
gL B FEEHT ethanol FE 2 a3 o ¢
sklom, H7bE]= phenolics 0] F=7F S7Fe] wet

B Water extract @ Ethanol extract 71BHT

a a baa c % a c ° a

80 i

a0

Inhibition rate (%)

20 -

50 100 150 200

Phenolic content (pg/mL)

Fig. 5. Inhibition of thiobarbituric acid reactive substances with
extracts from Pinus densiflora root.

The data were expressed as the meantSD (n=3). Means with different superscripts (a~c)
are significantly different at p<0.05 by Duncan’s multiple range tests.

#2348 A|13Z (2016)

GAaks} o] ol TEEY A IAE JERALE

Chae 5(32)°] A7 & dnff F=E-9] TBARsHA| E37}
phenolic 200 pg/mLe] F=olA 733% Atk Hagk A3}
A E(33)°l 23 FZE2| phenolic 50 pg/mLe] 37}
SEoA 842%9] =& ditst E3E YERiItia B
g A3 Blweh, 5T FEE sl ¢ st

55T FEE 5T YA (xanthine oxidase E/J < A)
e

Xanthine oxidase(XOase) = purine thAte] FHoldl= G4
2X] xanthine =+= hypoxanthine © 255 84+ A4d 3},
A 84k B FAE o] A 55 HEe 4o
= HEAQ BFS ke E4E 4EA St 5%
& FZ 29 xanthin oxidase A3l &3-S %3 A} Fig.
6014 9} Zo] ethanol F=E°] & FE&ol B3l A3l&0]
A A ehgon & FEEA 36.66~83.65%2
A8 &S YERAS AL, ethanol FZE<l| A 55.05~79.64%2]
XOase A3l &2 UE o], TF A kA<l allopurinol &
o $-4¢F XOase A3 &2+ UYERSITE Kim $(35)2
9] FZE9] phenolic 3}3HE°] 200 pg/mLe] phenolics
S&ol|lA 48.1%2] XOase GA18 S YeRISitta Haugh
Aol vlel sF2e] TFAAHe] o ot 5F A s
AZA &go] 7hed Aoz ATE T

[ Pinus densiflora root Water extract

100 [ Pinus densiflora root Ethanol extract

@AAllopurinal %

80

IV

20 F

Xanthine oxidase Inhibition (%)

Phenolic content (ug/mL)

Fig. 6. Inhibitory activity against xanthin oxidase of extracts from
Pinus densiflora Toot.

The data were expressed as the meantSD (n=3). Means with different superscripts (a~d)
are significantly different at p<0.05 by Duncan’s multiple range tests.

T2 FE2E FE A (o-glucosidase B/ Al)
&3

552 FEES 22719 a-glucosidase A A &3}
& S A3, Fig. 7049 Zol E FEEAAAM=
2.99~14.77%2] M} 2 G4A TS Yehhlom,
ethanol FEE-ol|A+ 13.17~91.62% = % 7}=+= phenolic
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sRtEe] Fxof wet A &d = 2 AAE YERUTh
a-Glucosidase®] A &35 UERN 7] ¢8| = ethanol F
=5 150 pgml ©)ge] w2 A glste]of JA| a3E 7]
g = S o= YERTE Kim 5(36)2 A EFEEC
a-glucosidase A3l &/d°] 60% ethanol FE=EHT & F&
EoA] w2 AalEAde VeIt Baudhle) 22 e
HERNS o™, Lee 5(37)< phenol’d &2 <1 proanthocyanidin
°] a-amylase % a-glucosidase®] &3-S A3l gttt H sk
At} o]e} o] FEH =8 phenolic 3FHEE |2
SHrslE el B4l S-S dAlstE ez FRlEd
=3

4o} Sle) ATANE B FHE FREE PN
3l g9 55 AR 9 g9 a8 &5t AlF
283 9

a

100 - 4

80

60

40

20

a-Glucosidase inhibition (%)

Phenolic content (ug/mL)
Fig. 7. Inhibitory activity against a-glicosidase of extracts from
Pinus densiflora root.

The data were expressed as the meantSD (n=3). Means with different superscripts (a~c)
are significantly different at p<0.05 by Duncan’s multiple range tests.

2 o

22U Be] 2 26 phenolic compoundsE & 3 Ajg]
P& A8 71548 2AE S8reA S AT EIT
TEel diE HEy 542 57 80% ethanols SV
sto] 24A17F 0]} FE3 2 W) 217} 1.86 mg/g, 6.85mg/g
S JeRNRIth FEE9] phenolic =5 50~200 1
gmL= XA3te] DPPHE 3% 23, & FEEY
ethanol =% 100 pg/mL phenolics =<4 2+2} 86%,
85%%11, ABTS radical decolorizatione = FZ&E3}
ethanol FZEIA 7+7} 48%, 68%%I T} Antioxidant
protection factor= 50 pg/mL phenolics =0l & FE&
3} ethanol FZ S0l A 712} 1.74 PF9} 1.96 PFE =7 5%
©m, TBARs#< 100 pg/mL phenolicss =94 & F55
] 93%, ethanol FZE9°|A 98% S WERN 1T} Xanthine

oxidase A3l & FEE7 ethanol FEEA 77}
84%, 80% %= =7 F| 32, a-glucosidase #] 3l 5- ethanol
FEEINAT 2%9] =2 E5= Bk ol A=
Hol 54 25| Mkl T 764 AFAA=2
A Fgo] 7 Aoz AE
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