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ABSTRACT

Objectives: We investigated the antioxidant and antibacterial activities of Pinus densiflora ethanol extracts

(PDEE) treated with trypsine as a protease.

Methods: Various antioxidant activities were evaluated by measuring total contents of polyphenol and flavonoid,
DPPH electron-donating ability and ABTS" radical scavenging activity of test material. To compare the
antibacterial activity, paper disc diffusion assay was performed against two resident bacteria in human skin

(Staphylococcus aureus and Staphylococcus epidermidis).

Results: As for the total contents of polyphenol and flavonoid, and the electron-donating ability and ABTS+
radical scavenging activity, both PDEE and trypsin-treated Pinus densiflora ethanol extract (T-PDEE) showed
high antioxidant activity in dose-dependent manner. And the T-PDEE showed slightly higher activity than
PDEE, which indicated protease treatment seemed to affect in antioxidant activity. In the result of paper disc
diffusion assay, antibacterial activity was confirmed in all two types of skin resident bacteria. T-PDEE was more
active than PDEE and it seems that treatment of protease may increase the antibacterial activity of PDEE.

Conclusion: All of these results, we confirmed that treatment of protease to PDEE can increase the antioxidant
and antibacterial activities, and it can be explained thought that this would be applicable as a cosmeceutical

material in the future.
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LM 2
343. /R]E o]o]: o §]_;g_%_ A}
A Tr%*a‘ii’fl = TES
= NI Sl AA dEe] 3aE A
W] ghdksiA AFE AL T
2, 4% % R 7198 548 5
A WE B FHS Fol 2 99le] 54 A4

< 22 T2 EaEshs WS ouethh A
5(2010)2] AFNME? TAE HUIE 7] 259
3]
[}

o] &3t P 715
o] @PAMEY Bz
Aetol= 44 L P BY Flel BLAYS
AT & Utk olst o] FYBHS F7157]

B oA Thel At $go] WA e

102 nejzl),

do
2

>\‘L°J

TCorresponding author: Department of Public Health, College of Natural Sciences, Keimyung University, Daegu 704-
701, Korea, Tel/Fax: +82-53-580-5933, E-mail: kim9399@kmu.ac.kr
Received: 28 March 2018, Revised: 24 April 2018, Accepted: 20 June 2018

293



294 =7|2 - <ud - ofHE - Zbjg

o] 2y ZHgate] AE= A9S 7l
Sk A A E3EA9l trypsine #|7ll
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epidermidisye 77}3F FRo|MEe pHE FA51H
A fraf gk Aol S HolallFAIRt 7Y A
A AEES ST FRE AT T"
Ftolthd o]l # N =F A theFe A
e U S dous sEg 2 AlAd A
SHT Thde AEEES ARE A Fostodof gt

o Bgs Alske Ag et s, =t
He] FHRE= AEHE F4E AslfstAr A
AN, ake] HdAEl 5o

H 235 2~ 7
R 5 U

492 Pinus densiflora
Siebold & Zucc.oH, —rﬂb}i}* HZsle] = 4l
AE 59| FoprloflA] ARG}, o ZAE] AL
o] 5y, 9, &3, &L, T 5 EE F9E 9
gste] SAo F7FHAY o8 9 AAFSR o]
&3k 5 S8V =2 AAER IEA YTk
A Tl 4 obr|eAt 1655 FT-oH o
st 2 5 D opr|At 8FS ERslaL o] A
A dAeg 9 AXgAE X6 SEE 2|
5 A et ARSle] o8-S quercetin,
kaempferol 52| flavonoidf, a-oinene, P-pinene,
camphene 52| Ff A& % 44|, G5, 7I=2¥, H]
Bl C Fol Arh'0 auprele] Auey A A
ol st dt, AT, Y, =2 w#H] 3
7} ?_7]_ E_T’_E]OJ 011—4_ 11,12,13,14)
o] F22d¥< proanthocyanidine flavonoid #J+-2
dFoZ HgM C EEE} radical 275 ¥ 4ts}4]
ZAEFAA 7T 8 Ao HyEe] itk
2&e] *@ﬂ@"q‘;‘)ﬂ M= theFet A7 Bar
oln] BHiEo] X Aejedes 57
‘?i?“‘ obz] mHjsith 2L 85 =2S ©

=
= A FANL o] §50] A5 | 24

53, 5%

2

A
o

J Environ Health Sci 2018; 44(3): 293-300

o= 7154 QS MLE IS 7)\—& A’d =]
ol & A whla Ba] g4l trypsin©]
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L A2t & 717]

Aol A8-% Folin & Ciocalteu’s phenol reagent,
diethylene glycol, tannic acid, quercetin, 2,2-
diphenyl-1-picrylhydrazyl (DPPH),
diammonium salt (ABTS) 59 A% Sigma-
AldrichAH(St. Louis, MO, USA)9] #|&2 A3
T}. Nutrient agar, nutrient broth, tryptic soy agar 2!
tryptic soy broth 5| ®]X]= Difco Lab (Sparks,
USA)®] AFS ARSIt 2 9] dut Aofee
SH55S AReRih

A3 AlEHE A3 7|71=  spectrophotometer
(Epoch, Bio Tek, USA), HA}FA-&-(XT220A, Precisa,
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3. Total polyphenol contents

AAEHS T ZT5s FF2 Folin and Denis
H(1912)'9] ojAste] SA AT AP =22 200
pug/mLe FEZ A Z3tS Folin & Ciocalteu’s
phenol reagent®} &% &3 F /ST 7.5mLS o
AstA Egste] 3wk BAElTh £ &
Na,CO; E5H&-< 1 mLE H7Fskar Aol 147
HES-A1Zl 3 spectrophotometerS ©]-8-3k¢] 760 nm
e FHEEE SAAT T T FH
tannic acidE ARl HE AL FAFS & 4

FaFsiitt.

4. Total flavonoid contents

AAEA] T FetReol= 2 Davies 5
H(1980) 70l oAt A AT AP =22 200
pg/mLe] T2 AZXstS AlE £ 200 pLo
diethylene glycol 2 mLg& #&3HA E§std 587+
WA3HATE 1N NaOH 8 200 uLE #7lsked
37°ColA 1A17F ¥E8-A1Z1 3 spectrophotometerS: ©]
&ste] 420 nm NN FFE=E S F
SelH ol TS querceting AMESl] BE

e AT F P

5. DPPH HXS0{s

AHEZH 9 AA-F 5 (electron-donating  ability,
EDA)S Bloist (1958)'%9]] ¢]Aste] A &ich. A
HEZL 1,000 pg/mLolA 571 FEE 3]s}
A& 89 100 uLell 0.2 mM DPPH(2,2-diphenyl-1-
picrylhydrazyl) €98 50 uL 23 A2, oA
3087F WESAIFATE. SpectrophotometerS ©]-8-5}]
517 nm PgolM S35 S

6. ABTS' radical &2HS

A E2 o] ABTS' free radical 22752 Re 5
WH(1999)70 &1 A8k ABTS' radical cation
decolorization assay® =743}t 7 mM 2,2-Azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium

Table 1. List of bacteria for antibacterial activity test

salt?} 2.45 mM potassium persulfates 1:12 =33}
of Ao, oA 12417 WSt ABTS' free
radicale /A1 TE 2 T ethanolZ 3]45ted 734
nm IPFol|A FF= o] 0.7 (20.02)°] H=F 3f
At AFHEAL 1,000 pg/mLolA 5718 FE=E 3
Asle] Ag &9 100 uLet ABTS® & 100 uLE
E3tete] 78R ek Al WEEAIZ|AL spectro-
photometerS ©|-83}4 734 nm IFoA FHEE

2450t
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it B WUkl AR R RATE A
HEATYd AEAYAME(KCTC) A Algdo}
37°Ce] ZZo|A Table 13 o] w3t
Staphylococcus aureus (S. aureusy= nutrient agar|
W LSIAL Staphylococcus epidermidis (S. epidermidis)
= trypticase soy agar HIX|E ©|-&3}o] wgsSiTh.

7.2. Paper disc diffusion assay

A EH ] gt EAE paper disc diffusion assay
ol-g3ted Z7g3lgict. 1x10" CFU/mLE Z=H¥
skdulR]e] 100 pL¥ #+d3iAl =2stsint.
mm<| ¥ paper disc (ADVANTEC, Japan)
T sduRel LT SAAUERE
o} FrEE 34E APEES 20 uly
A7t Dishg ¥13o] 37°C incubatorell A 24
WA AT 2 % paper disc FHHOl AAdH
A&l gk (clear zone)®] Z73(mm)S Z4ste] 3
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8. BAIX

2 AFe A v FdTe] Jagdd 12
a2 Yepilem, SPSS 21.0 for windows (SPSS
Inc., USA) SAIZEIHE o] &ato] ddufx|iEAt
24 (one-way ANOVA)S.Z AA|SIS . 445
HZ5S $1319] Duncan’s multiple range tests ©]-&

Type Bacterial strain KCTC No. Liquid culture medium Solid culture medium
. S. aureus KCTC 1621 Nutrient broth Nutrient agar
Gram-positive . o . .
S. epidermidis KCTC 1917 Trypticase soy broth Trypticase soy agar
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1. Yields of products

PDEES} T-PDEE®] 4~&-2 Table 29} Zt}. PDEE
9} T-PDEE®] 88 42%, 14.8%= trypsinol £
3l &ol] of 3uf o] S7IEATH

2. Total polyphenol and flavonoid contents

PDEE®} T-PDEE®] ¥ Z&jslE &t 5 =T
Kol 3k Table 35} 2t} & EEdls o
< =43 A3} PDEESIA 73.7 mg/g, T-PDEECIA]
100.0 mg/gS 2 YEPEY = ETtR 0|t oA
= PDEEYIA 30.0 mg/g, T-PDEESIA] 67.6 mg/g®-
2 Ueteth & Eg9s g & SgRxo=
st 25 ohlE B g9l trypsing 223 T-
PDEEAIA H £ a3 2RI 5 Ao

3. DPPH MAB0s

PDEES} T-PDEE®] &ksl 84 715 $18 DPPH
AFAsE &4 A3+ Fig 13 2t 1000
pug/mL =04 PDEEE 96.4+0.2%, T-PDEEE
96.6+0.6%= YER} FAHNZL O 2 ALE-3) ascorbic
acid®] AAFolEz) Hl&gh o] YeRY} d4tst
Bt Holdt A& AT 4 ATk

mAA = PDEE T-PDEE

1000 - de

-

60.0

400 |

Electron donationg ability (%)

0.0
62.5 125

Table 2. Yields of PDEE and T-PDEE

Extracts Yields (%)
PDEE" 42
T-PDEE? 14.8

YPDEE: Pinus densiflora ethanol extract.
?T-PDEE: Trypsin-treated Pinus densiflora ethanol extract.

Table 3. Total polyphenol and flavonoid contents of
PDEE and T-PDEE

PDEE"”  T-PDEE?
Total polyphenol contents (mg/g) 73.3+1.2  100.0£1.6
Total flavonoid contents (mg/g) 30.0+0.7  67.6£2.6

Values are meantSD of 3 measurements.
YPDEE: Pinus densiflora ethanol extract.
?T-PDEE: Trypsin-treated Pinus densiflora ethanol extract.

4. ABTS' radical 2HS

PDEES} T-PDEE®]| 3&Hitslt €4 #7112 ABTS'
radical 2A%5S £4 % 3= Fig. 29+ 2t} 1000
ugmL &X=oA PDEE= 99.4+0.5%, T-PDEE=
100.2+0.8%= YEIST B3 A 52| Fes7t] w
2} radical 2271%5°] F7FRs S B0 trypsin
< 2§t T-PDEEV} ¥ %2 €4S Yeplth o
o} -2 Ao w2} PDEERTUE trypsing A2 ¢
T-PDEE7} §-&7Fs7d0] ¥ & A o2 Bl

5. g &y
St &4 Ad= Fig. 33 Table 49} 2t} S

250 500 1000

Concentration (ng/mL)

Fig. 1. Electron-donating ability of PDEE and T-PDEE. Values represent the meantSD of 3 independent measurements.
Values with different letters are significantly different (p<0.05). AA: Ascorbic acid. PDEE: Pinus densiflora ethanol
extract. T-PDEE: Trypsin-treated Pinus densiflora ethanol extract.
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ABTS" radical scavenging ability (%)
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Fig. 2. ABTS" radical scavenging activity of PDEE and T-PDEE. Values represent the mean+SD of 3 independent
measurements. Values with different letters are significantly different (p<0.05). AA: Ascorbic acid. PDEE: Pinus
densiflora ethanol extract. T-PDEE: Trypsin-treated Pinus densiflora ethanol extract.

Fig. 3. Antimicrobial activities of PDEE and T-PDEE against S. aureus and S. epidermidis. 1: S. aureus+Pinus densiflora
ethanol extract, 2: S. aureus+Trypsin-treated Pinus densiflora ethanol extract, 3: S. epidermidis+Pinus densiflora
ethanol extract, 4: S. epidermidis+Trypsin-treated Pinus densiflora ethanol extract. A: DW, B: 50 mg/mL, C: 100

mg/mL, D: 200 mg/mL.

aureus®]] 3l PDEE= &% 2] O F clear zone
o] Z7}ek whA T-PDEEIM & RE H=oAM <F 10
mm ©]’42] clear zone®] YEFSIT}. S epidermidis©ll
gk PDEES} T-PDEE®| &+t &2 A &9 §=
7} Z7V8EE clear zone®| TV = 7S &
UL T-PDEEAIA U &2 vt @A el
T-PDEE’} PDEE ¥t} &t &7g0] 1 &7 veht
Gikslsd w7 E trypsine] A 27t St 84
o] 9FE& F= AO=E HoA|W, T-PDEE®] 3+
S ANHO R S qureus T} S. epidermidis A =
Al ErstTt.

v. 1 &

ATE HEY ANerE FZ5(Pinus densiflora
ethanol extract, PDEE)~ ?_}‘3'4’5:_1 El a4 trypsin
< AP A5 oEke =8 (Trypsin-treated Pinus

http://www.kseh.org/

densiflora ethanol extract, T-PDEE)2] &4ks}l 2 &
73S vlwste] &84S gRlstarat sl

PDEE®} T-PDEE®] % Z&ldE s S4 2
3} PDEE°lA 73.3 mg/g, T-PDEEIA 100.0 mg/g
o8 YRt trypsing A 2|3 o] o A UEbst
o & Sehieo|= oS 543 A3l = PDEE
o1 30.0 mg/e, T-PDEESIA 67.6 mg/e.2 LFeh}
T-PDEESIA o #& s SRlgd o+ Utk &
gl 3 FepRrol=e sl Bl 9F
Ed o5 AR ST 28-S AAlsk=
AT dEA Uk 23] (2013)2] AFVeA
Yy dady F&E9 & s 94 &
EEicolE 3 SAENS W & ZEEs &
FE 264, 32.7mg/g, F SR 0= 2 0.6,
1.4 mg/gl & HaFHS Ed tjudFEE2 a3}
sol AstENem, o] AAE vFoE W Uty

e Bhol /e BHBHES 4% T & Yt
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Table 4. Size of clear zone against S. aureus and S.
epidermidis by extracts

Bacterial Concentrations

+
strain Extracts (mg/mL) Mean+SD
0 -
50 9.50+0.35°
PDEE"
100 10.47+0.38"
200 11.13+£0.23%
S. aureus
0 -
. 50 10.80+0.10*
T-PDEE?
100 11.03+0.15%
200 11.77£0.31°
0 -
50 10.20+0.46°
PDEE"
100 11.00+£0.10%
200 13.16+0.15¢
S. epidermidis 0
50 10.43+0.42"
T-PDEE?
100 11.43+0.25°"
200 13.66+0.30"
Values with different superscripts are significantly different

(p<0.05).
YPDEE: Pinus densiflora ethanol extract.
IT-PDEE: Trypsin-treated Pinus densiflora ethanol extract.

ZoZ Bzt & Ao Tl Eaaaie]
trypsin *|2]E 53l @01 7= Aelgd e A
+ ALE e oH, trypsin 23] Al ¥ )9
ltJJr Z —?/}E&—Ol‘:«l ?5“’*0] SRS Q‘L

2ASE Jﬂ7}6]~— ABTS* assays 53 AHEZ 9
rksl s H71sI T DPPH assay®} ABTS' assay
A3} 2% 250 pg/mL o’3e] F=olA trypsing] A
2] of e} gaglo] SRR AR ascorbic
acid®} AR S-S UERoH, o712 AF ZA
o] =& st eg AT F e A &
t PDEE®} T-PDEE =5 250 mg/mL ©]3}
o] FroA FE oEF R FMIslso] TGS
s}o) o]— guq trypsin_o_i I8l PDEES] 4tsl &
o5} = 91041;} 7%*@(2015)_4

o] TC 5]
KT, B=9r
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7] $18l paper disk diffusion assayS 53l 27F4] 3
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e IFE A7 W o 2 295
Hol= Zo g Aztw oIt

Al
A
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& Aoz BHRIth
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A A AHEY e E FEEHY =2 R
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PDEE”} PDEEX T} &40 && 7o & Ho} trypsin
< PDEE?| &8-S S7MI7IE Zle= Helrh
ool AXE FTE B uf whA Ealasgl
trypsin 259 A& FEE Fitste #
Fol| FEE PR, trypsing B3 L G50 T
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NZ F dLAeZ AlEFH] it
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2 die sEMPER sEREE71E
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