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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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1,1-diphenyl-1-picrylhydrazyl(DPPH) radical 2+ &4 &3
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3}tk A1 E(5 mg/mL) 100 uLell 300 uM DPPH &<} 900
S 7hste] & a1, 303 oAl iR th 517
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Ferric ion reducing antioxidant power(FRAP) &4 &3
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(300 mM, pH 3.6)2} 10 mM TPTZ solution, 20 mM<] ferric
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High performance liquid chromatography (HPLC)
2= 9| ethyl acetate fraction= methanolol] =< 4
mg/mLE 3+ 5, 045 um filter2 o] ¥}3le] HPLC(1260
Infinity Quaternary LC System, Agilent Technologies,
Waldbronn, Germany)$£} ZORBAX Eclipse Plus Cis column
(4.6 mmx150 mm, 5 pm, Agilent technologies, USA)S Al
3}99, injection volume2 10 1L, ©]Fd< 41 AQ% acetic
acid in 30% methanol)$} B(2% acetic acid in acetonitrile) S
<4 02 mL/min &2 A2Z} B o] H]Eo] 0&<f 100:0
V) A TOE7HA] 0:100(v/v), 905714 100:0(v/v)2] =
71€719 < o] &3}o] PDA detector 280 nm= #2531 Th
shaF =% -2 caffeic acid, ferulic acid, quercetin, kaempferol
< EFEAR AHEst] A@ds A ete] ek

EAHX2|

BE A¥E 33 W59 o1 SAS(statistical analysis
system, 9.3, SAS Institute Inc., Cary, NC, USA)Z o] -&3}o]
Duncan?] HEAdH o2 Fo a5 A% 3+ th(p<0.05).



562

A
o
0

2

Ar
o

]

10
gl_-
>

2x Y 2 &t

DPPHE 313HE ] A4 419 radical £ radical 2 A}2]
vl os] kT FFO| radical 2 EA 3T
radicale] &4t &2 %o}yﬂ =] iau 248 o) A
FACR WA Htk13). o5 o SR EEe] Ptst
2/4S DPPH Sz &A & oHSJJr FRAP %“é‘jéi’-i =
%3 A3}= Table 19 YERNITE DPPH 2ol &4 24
Hol| o3t gh4ks} B2 ethyl acetate, n-butanol, n-hexane,
= 29 E9Y w22 B Uehth 53] 95 99 ethyl
acetate =35I n-butanol EIES AL Zzh
43043+10.14 GAE 1M, 314.75+17.14 GAE [M& T}2 £
Eo Hste] A5 =2 S BT Atk 2 3
Hkg-of] o]gt FRAP @4 %= HA] ethyl acetate -2 &©|
202.33+1025 TE M F =& 7P =7 Yehton 1 o
© 2+ n-hexane, n-butanol, &2 E-2] $£o|3]t}. DPPH
A 3= th2 7 n-hexane 8 50| n-butanol & E ED}
o] =2 AL vFA9 94 E4E0] nbutanol T
£ BT nhexane 55 30l Bo] FrElo] 2HE3t Aoz
A, Aol FEE9] ethyl ether 18 Zol|A gHits} 24
o] 71 Zatdtte Hi(14)¢t FAFsHATh

::14
n:

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 meantSD 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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= o SR EE S e T ethyl acetate
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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).

=9 EnjEgESe }}i‘%@% agar diffusion %'H
O 2 8§ aureusql TIte] 573t A2}HE Table 32} Fig. 19
YERASITE 20 mg/disc FEoA & 2 E3} n-hexane ¥
JE2 Fadds UrE‘rlM o2 1k 10 mg/disc =0
2] ethyl acetate 2 22 clear zoneO] 22.6+0.89 mm =
17 =A Jelstz, 1t 22 p-butanol EEE0|
11.2+0.45 mm= %$ITh Moon 5(19)2 k82 E9] ethyl
acetate T2 EO| Bacillus  subilis,
Staphylococcus aureus, Staphylococcus epidermidis$} 22
5 el e e Eelvka Bagh uprl 9}
Clark 5Q0)2 A&7 T2l 4 sdEE0] Fadae<=

Bacillus cereus,

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

Clear zone (mm)

Fraction
20 mgfdisc 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 _ B, - -

DA: water fraction, B: n-butanol fraction, E: ethyl acetate fraction, H: n-hexane fraction.
2 Not detected
All 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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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
I: 20 mgmL, 2: 10 mgmL, 3: 5 mgml, 4 2.5 mg/mL
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| l 3
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F1g 2. HPLC chromatogram of ethyi acetate fraction ﬁdn black
bamboo leaves.

A: standard, B: ethyl acetate fraction from Phyllostachys nigra MUNRO leaves
L: caffeic acid, 2: ferulic acid, 3: quercetin, 4: kaempferol.
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3} geFo] 71 E=9kom W3t S aureusol
= 71 Zkelit). whebA] ethyl acetate +-2)
<9 84 AE-S HPLCE o] &3] 2Kt A2ntE
I (Fig. 3)F 74 BEES] FFE TG TH(Table 4).
9= A2 ethyl acetate & & Fol| A caffeic acid, ferulic
acid®} #-2 phenyl propanoid 2| =4} quercetin,
kaempferolJJr 2 flavonol 3}3h&Eo] AT ©] T
kaempferol (61.31+1.89 ppm)°] 7} =& =S UERH S
™, quercetin (16.01+0.05 ppm), ferulic acid (13.54+0.57
ppm), caffeic acid (10.95+0.68 ppm)2] =4 & o] wrgk
=g

1 O, 1

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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