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Abstract

To investigate the natural antioxidant and antimicrobial phytochemicals from black bamboo (Phyllostachys nigra
MUNRO) leaves, the solvent fractions from crude methanol extract were made with n-hexane, ethyl acetate, and
butanol, and their antioxidant and antimicrobial activities were determined. The antioxidant activities were examined
by 1,1-diphenyl-1-picrylhydrazyl (DPPH) method and ferric ion reducing antioxidant power (FRAP) method, and
the antimicrobial activities against Staphylococcus aureus were tested by paper disc agar diffusion method. Total
phenolic contents and total flavonoid contents of the solvent fractions were also determined. The ethyl acetate fraction
with the highest total phenolic contents among all fractions showed the strong antioxidant activities by DPPH method
and FRAP method, and antimicrobial activities against S. aureus at all test concentrations. Caffeic acid, ferulic
acid, quercetin, and kaempferol were analyzed by HPLC in the ethyl acetate fraction from black bamboo leaves
by the comparison with the standard chemicals. It is supposed that the ethyl acetate fraction from black bamboo
leaves could be used as natural preservatives in the food industry.
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Staphylococcus aureus®l| W3t &+t A3 Al S
3 E-S HPLCEZ E4319t.

ME 3 gy

Ay M2 U Al

28] AF8-3F Q =(Phydlostachys nigra MUNRO) -2
20121d 849 Aol AEetw WolA skl SH25T,
24773k a B33k (25~40 mesh)AHE-31 T 2 & ol A
A8} gallic acid, trolox, naringin, 1,1-diphenyl-1-picrylhydrazyl
(DPPH), 2.4,6-tris(2-pyridyl)-1,3,5-triazine(TPTZ)= Sigma
AKSigma Chemical Co., St, Louis, MO, USA)2] A &S AL
sttt FE&0 9 £48 A E4E SFAY
(Duksan Co., Seoul, Korea)2 A}-8-3}it}h HPLC &9&
J. T. Baker(Phillpsbug, NJ, USA) #|%, tryptic soy broth
(TSB)& Difcork(Detroit, MI, USA)2] A &S A}-&aFS]Th.

&
g o= o 15 goll 109] 3] methanol S 713k
&< 23] z5
£ 120 g& 9, ©]& Bl 10% methanolol] HEsle] =
o we} =xpA o' gul B8 3lo] n-hexane ¥ (0.
2] 5(0.24 g), n-butanol(0.12 g), & £

oX, M ok

2

LS

g), ethyl acetate 2]
(0.51 @)= AUTh

1,1-diphenyl-1-picrylhydrazyl (DPPH) radical 27 &AM &%

LEZFEE] s 7= Blois(7)e] HHo =2 =34
I Th Al E(5 mg/mL) 100 pLol] 300 M DPPH -§-< 900
ILE 7Feted Z 4an, 3027 A olA] A g ok 517
oA FF=E S T TFEZQ gallic acid 7 A
9] 3| H 2]l A] gallic acid equivalent IM(GAE yM)=. &+4la}
of YJeRAAT

Ferric ion reducing antioxidant power(FRAP) &4 £3

FRAP @42 Am F9 st Edd 93] Fe
(I)-TPTZ7} Fe(II)-TPTZ EFE= == Lol ot
Benzie's-9] BHE®)2 &85t 54 3HATE Acetate buffer
(300 mM, pH 3.6)¢} 10 mM TPTZ solution, 20 mM9] ferric
chloride solution(FeCl;-6H,0)E 10:1:1 H] &= &3}3}o] 3
7CoAlA 1033 WA 8ke] ¥hg- Al A (cocktail solution)< T
E}h Al5(5.0 mg/mL) 250 pL$} cocktail solution 1.75

< st A A 3027 WA S F 590 nmol| A
FHEE S35 woloxe] AR 3|92 <A trolox
equivalent yM(TE yM)Z YERN I T}

Z5 =AM slgtE g2 (total phenolic contents) &34
FHE4 3H3HE ¢S Folin-Ciocalteu regent A] 92

o] g-3lo] =43l tH9). A E (5.0 mg/mL) 100 Lol 2 N
Folin-Ciocalteau A]2F 50 pL¢} 20% Na,COs 300 1ILE 7}3}
o] Ao 1587 WA & FHT 1 mLe ¥l YT
g T FEAE 725 nmmellA FFEE ST EE
EA =R gallic acid 7242 3|72 A A8 <] FoEs}
=] S GAE (M= S8

EZEoIPo|= 3182 B2k (total flavonoid contents) 4

2 233813tk A E(5.0 mg/mL) 70 pLol| 50% ethanol 430
ILE 7}8F 3 5% NaNO, 50 LS Y1 E3ate] 1A]7F
=<t Whx) 3 T 10% AINOs);-9H0 50 LS 931 627t
HES-A1ZI T} 1 N NaOH 500 LS % i 510 nmol| A 3%
S %383 2™ naringin®] 7 #2] 3724 naringin
equivalent tIM(NAE uM)= $H;ksto] Yef STt

i

gned £3

2= Yol Saphylococcus aureus ATCC 6538)°]] o3t &
T &AL agar diffusion methodE ©]-§-3t] 7 31 th
(11,12). S aureusE: tryptic soy broth(TSB)(Difco Co.)°l| 3
7C incubatorol| Al 24A|7F AXujFste] 3= 0302
TSBE o] &ato] 243 T agarZ 3 713F TSB HiA] <l 200
LA AFsla =wekich aela B E paper disc(Toyo
Roshi 27, @ 8 mm)o] Al 52 H5925, 5, 10, 20 mg/mL) &
FA713 Azs] B el LA F 37CA 18~
24417 vl F3tSATh. Paper disc 7-912] A&l $H(clear zone)©]
2] 7 (mm)-& 24 2]3H ~(Dial calipers, Alltrade, USA)E- o] &
sto] S48

High performance liquid chromatography (HPLC)

2= 99| ethyl acetate fractionS methanolol] =< 4
mg/mLZ 3+ F, 045 um filter® o] 3}3}o] HPLC(1260
Infinity Quaternary LC System, Agilent Technologies,
Waldbronn, Germany)2} ZORBAX Eclipse Plus Cjs column
(4.6 mmx150 mm, 5 pm, Agilent technologies, USA)-S- A}-&-
3}o9, injection volume 10 1L, ©]F32 81 A2% acetic
acid in 30% methanol)®} B(2% acetic acid in acetonitrile)S
4 02 mL/min &2 A3} B o] H]&o] 0ol 100:0
vv)oll A 70E7FA] 0:100(v/v), 9027FA] 100:0(v/v)Q] T&=
718718 & o] &3}e] PDA detector 280 nm=E 215} T}
& =% caffeic acid, ferulic acid, quercetin, kaempferol
FFEAR ALt fA@Fads AAdste] Tt

o

SAH Xz

TE A¥E 33 WHE319 o1 SAS(statistical analysis
system, 9.3, SAS Institute Inc., Cary, NC, USA)E ©]-&-3}]
Duncan®] BZHHOZ FolAHE 2% 513 th(p<0.05).
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23S DPPH U2 &7 AW T} FRAP 2o =

g+ A= Table 1] YERARITE DPPH 2]zt 27 24
Hell o3t gits}l 242 ethyl acetate, n-butanol, n-hexane,
FEEo £o g WA Uehyth 53] o5 99 ethyl
acetate 353} n-butanol I ES AL 7
430.43+10.14 GAE 1M, 314.75+17.14 GAE iM% & &9
Eo Hlate] AReA e S S B} A3 ¢ F
HES-o] 23t FRAP &% HA| ethyl acetate w2 &E0]
202.33+1025 TE M F =2 71 =7 vehdon 1 o
© 2 & n-hexane, n-butanol, &2 &2] £o|]lt}. DPPH
A3 27 n-hexane 8 E©| n-butanol 8 & ED]—
o] =& AL v549 U E-E0] nbutanol &
E BT nhexane FEE SOl ol g-RFo] 283t 74_&
A, A0 FEE ethyl ether B3] Eo|A] 3atsl &)
o] 7} Zretithe Ha(14)9 Ak

Table 1. DPPH radical scavenging activities and FRAP activities
of solvent fractions from black bamboo leaves

Fraction DPPH FRAP
(uM GAE) (uM TE)
A" 57.88+11.22% 7207375
B 314.75¢17.14° 103.11+2.34°
E 43043+10.14" 202.33£10.25"
H 97.88422.35° 128.00£9.26°

1)A water fraction, B: n-butanol fraction, E: ethyl acetate fraction, H: n-hexane fraction.
PAll values are expressed as meanSD of triplicate determinations. Means with different
superscripts in a same column are significantly different by Duncan’s multiple range
test (p<0.03).
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A Ee] g B ddS A dTh14,15). A8 PR
o] HEY SgE FFLS As dd kg o5t
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218 A|43 (2014)

= 9 Bl EEY FHleA S3E T ethyl acetate
3 50| 1.9310. 14 GAE mMi 7V =9k o™, n-butanol,

n-hexane, 18] & 3 &9 ot} FEH o=
3}3E9] %2 n-hexane &8 Eo| 7MY l’:,:,y\__ﬂjl ethyl
acetate, n-butanol, = & E2] o]l AAH o2 Hol

A, gatsl EAdo] F ethyl acetate w2 EA FH=4
shgHE9] ko]l s %o, o= A s FuE
A 32y} aakal B4 ATAo] 2 Aoz A
AE 17,188 FAE ZHE YERRAL

Table 2. Total phenolic and total flavonoid contents of solvent
fractions from black bamboo leaves

Total phenolic contents Total flavonoid contents

Fraction

(mM GAE) (mM NAE)
A" 0.68+0.09” 7.20£0.64°
B 132£0.12° 2000£1.17°
E 1.93£0.14° 38.83£0.73"
H 1.19£007° 62.31£3.07°

DA: water fraction, B: n-butanol fraction, E: ethyl acetate fraction, H: n-hexane fraction.
DAl values are expressed as meantSD of triplicate determinations. Means with different

superscripts in a same column are significantly different by Duncan’s multiple range
test (p<0.05).

G842 agar diffusion Y
o2 § aureusql tIste] 573t A2}HE Table 32} Fig. 19
YERASITE 20 mg/disc FEoA & 2 E3) n-hexane #
52 e UehA] 942 v, 10 mg/disc SE
A& ethyl acetate %2 &2 clear zoneO] 22.6+0.89 mm=
Vg =A Yea, 2 9SS F n-butanol ¥ Eo]
11.2+0.45 mm= %3k Th Moon 5(19)2 k82 E9] ethyl
acetate 2 E| Bacillus  subilis,
Staphylococcus aureus, Staphylococcus epidermidis®} 22
a2k ool 733 e S Beoltty Myl uprt 9

Clark 50y &/ £9 &y Sl daaee

Bacillus cereus,

Table 3. Antimicrobial activities of solvent fractions from black
bamboo leaves

Clear zone (mm)

Fraction
20 mg/disc 10 mg/disc 5 mg/disc 2.5 mg/disc
AD 2 ) } }
B 1261055 112:045° - -
E - 22.640.89" 18.60.55 1524045
H _ , . -

DA: water fraction, B: n-butanol fraction, E: ethyl acetate fraction, H: n-hexane fraction.
2 Not detected
All values are expressed as mean+SD of triplicate determinations. Means with different
superscripts in a same column are significantly different by Duncan’s multiple range
test (p<0.03).
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Fig. 1. Antimicrobial activities of solvent fractions from black
bamboo leaves against Stapliylococcus aureus.

A: water fraction, B: n-hexane fraction, C: ethyl acetate fraction, D: n-butanol fraction
1: 20 mgmL, 2: 10 mgmL, 3: 5 mg/ml, 4 2.5 mg/mL
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F1g 2. HPLC chromatogram of ethyl acetate fractlon from black
bamboo leaves.

A: standard, B: ethyl acetate fraction from Phyllostachys nigra MUNRO leaves
1: caffeic acid, 2: ferulic acid, 3: quercetin, 4: kaempferol.

Uehdttn B ustgom, s steEe] ekl =25
5 giksl gt 4] = YT vt 9l
t}. wehA] ethyl acetate F8E°] S aureusdl] 3+ 52
AA o] =A vEhd A& J & Foll 53 TulEA
sletEo] EARIAR Aeate AR *ﬂr‘:}ﬂoﬂ"/}

gM MHE° HPLC &4

O':'ZT ol B—DH%Q A= t:g] 60 §]. ']jl,]. .?:ﬁ-“»‘r-/ﬂ ol 3_
ZtH o= gl3HEo kS A AT, ethyl acetate
HE &0 G ko] 7P Ekem S S aureusdl
et S = 7 Akt mhebA ethyl acetate 2]
5 F9] g4 AE-S HPLCE o] &38to] ZAlela A=ntE

O (Fig. 3T 72 JEES] &S 43I tH(Table 4).

9= A2 ethyl acetate 8 & Fol| A caffeic acid, ferulic
acid®} #- phenyl propan01d o] Hl=4t2 quercetin,
kaempferol®} 22 flavonol 3}3H&Eo] H2]FHUc) o] &
kaempferol (61.31+1.89 ppm)°] 7} =& S el o
™, quercetin (16.01+0.05 ppm), ferulic acid (13.54+0.57
ppm), caffeic acid (10.95+0.68 ppm)2] =A] = HaFo] Lk
.

Table 4. Contents of phenolic compounds of ethyl acetate fraction
from black bamboo leaves

Compound Contents (ppm)
caffeic acid 10.95+0.68"
ferulic acid 13.54+0.57°
quercetin 16.01£0.05°
kaempferol 61.31£1.89"

DAl values are expressed as meantSD of triplicate determinations. Means with different
superscripts in a same column are significantly different by Duncan’s multiple range
test (p<0.05).
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