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Antioxidative Components and Anti—-Oralmicrobial Effect of Bamboo
(Phyllostachys nigra var. henonis Stapf) Leaves

Kyung Lan Parkl, Sung Tae Kangz, Min Ju Kimz, and Hee Kyung Oh?®

]Department of Hotel Culinary Art and 'lfDepartment of Food and Nutrition, Jangan University
“Department of Food Science and Technology, Seoul National University of Science and Technology

ABSTRACT The objective of this study was to investigate the antioxidative components and anti-oralmicrobial effect
of bamboo (Phyllostachys nigra var. henonis Stapf) leaves. The moisture, crude protein, crude fat, crude ash, and
carbohydrate contents were 6.30%, 5.10%, 1.73%, 10.61%, and 76.26%, respectively. Vitamin C content was higher
than Vitamin A and E contents. Among organic acids, citric acid content was the most abundant organic acid, followed
by succinic acid, acetic acid, malic acid, and formic acid. Total polyphenol and flavonoid contents were 21.66 mg/g
and 42.78 mg/g, respectively. Minimum inhibitory concentrations (MICs) of extracts of bamboo leaves for Streptococcus
mutans and Streptococcus sobrinus were determined to be 0.04% and 0.16%, respectively. MICs of extracts of bamboo
leaves for Porphyromonas gingivalis and Prevotella intermedia were determined to be 0.02%. Extract of bamboo
leaves had strong antimicrobial activity against S. mutans, S. sobrinus, P. gingivalis, and P. intermedia at a concentration
of 0.32%. At this concentration, extract of bamboo leaves inhibited growth of these pathogenic bacteria up to 60
h. The results of the present study demonstrate the antimicrobial effects of bamboo leaves ethanol extract against
oral pathogenic bacteria, suggesting that bamboo leaves could be an effective natural agent for oral hygiene.

Key words: Phyllostachys nigra var. henonis Stapf, polyphenol, organic acid, anti-oralmicrobial activity
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AT M= =(P. nigra var. henonis Stapf) FE%&
< o] §3te] kst S EAsta XY 4EF S
mutans, S. sobrinus$t TH T2 AERA P gingivalis, P.
intermedia®l] & S A FF FSH L TF
A aHE Ad F9 2 AFY AxE AT 7285
A A &F a2} gkt

|3 FL AT s "G A GdA 2}
(P, nigra var. henonis Stapf)¢] Ao &2
dato] Az F A4 st

-+ Aa FEEY AxE F54
100 goll 70% & 1,000 mLE #7}slo] Ao A 484
7k Fot 33 IAA & &3 ¢ No. 2 filter paper
(Advance Co., Tokyo, Japan)Z o] 3}-3}3t}. o 2} 8- 40
°C =84 ol A rotary vacuum evaporator(N-1000S-W,
EYELA, Tokyo, Japan)Z 70% o &€& &wl& A|AslaL 7+
ol H=3t & =4 7AXBondiro Vacuum Freeze-Dryer,
IIshin Lab Co., Ltd., Seoul, Korea) 3} oW, HAXE2]
FAE 135 g2 SAHHJT A5 AtstE BAEH] 4§
3 -70°Col ¥& Hskich.

HEE 24

A2 ARG E-LS AOAC(19)9] UNHA g Yol wha} &
Askath R RS 105°C At zy, 23R
550°C 7138|8125 o] &3 2333, 242 Soxhlet
FEW, 2Ed e AFde SRYAE 18 micro-
Kjeldahl'j &= 747F EA433inh. ©hsha o] oS 100
olM i, 238, =AY B 2ud S AT g

2 YeRfdoh

HIEf2I 2M
HIERT At BIERR] E€] 412 Jung 5(20)2] Ald 4
of el 43}tk A& 0.5 goll ascorbic acid 0.1 g3}
AetE 5 mLE ol 80°CellA 1023t 7443 ¥ 50% KOH
£ 0.25 mLE M7bshar 2083 7 oS SHS5 24
mLe} hexane 5 mLE 7}sFo] 1,150X goll A 2023 L4
g Ak A5 ae 228 hexane 40 mLE 7}3akal
= AANE FEEt L SFRTE 78k 10+
& AT o] #4& 33] W3 v
A gAE sl NaSO4= &3}l rotary vacuum
evaporator® hexaneg 3 mL7# 7+¢t 533 3 HPLC
(LC-10AVP, Shimadzu, Kyoto, Japan)® #4135} o,
EXZASFE columne shim-pack GLC-ODS(M) 25 cm
£ ARE3FA AL, HIERRD A%} HIEMT] E #4918 detector
£ SPD-10A(UV-VIS detector, Shimadzu Co.)9} RF-
10A(Spectrofluorometric detector, Shimadzu Co.)& Zt
7t ARgERSITE HE C 2 ZF FEES 0.2 ym mem-—
brane filter® o33}8}o] HPLC(Young-Rin Associates,
Seoul, Korea)® #A3t3lom, #4%102 columne
Bondapak C15(3.9%300 mm, 10 pym), flow rate™= 0.6 mL/
min, ©]%542 0.1% phosphoric acid& AF&3FATH21).
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=5 50 mLE 7F8le] 80°C -3l A 441 71t &
No. 2 filter paper(Advance Co.)& o] 3}&}aL, o] A& ro-
tary vacuum evaporator® ¢ H%3 T SHF2 10
mLZ A-83}o] lon Chromatography(DX-600, Dionex,
Sunnyvale, CA, USA)Z #4139l oH, #AZHo =2 col-
umn< lonpac AS11-HS Analytical, reagenti= 5.0 mM
tetrabutylammonium hydroxide, injection volume- 10
uL, flow rate: 1.0 mL/ming o] &3t}

EEo|ns szr M
Z2Z7 9= 32 Folin-Denis ¥ (23)0] wha} =43}

). Test tubeo] A& 1 mL¢ Folin reagent 2 mLE
Yo & Ao A 3T AR g thg 10% NaCOs 2 mLE
A7FsF AL, ol & T3k & 30°Col A 4083 A A 8kSl e
™, UV-visible spectrophotometer(UV-1601PC, Shi-
madzu Co.)E AFE3te] 760 nmollA FF =S A3
X34 tannic acid(Sigma-Aldrich Co., St. Louis,
MO, USA)9] #HFA o] 9&te] tannic acid equivalents
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Attt A5 1 mLel diethylene glycol 2 mLE H7}
t T3 1 N NaOH 20 uL.& €31, 37°C water bathell A]
1A 7 Bk HH$ A7l 3 UV-spectrophotometer(UV-
1601PC, Shimadzu Co.)% 420 nmolA S35 SA3}
A}, EFE23A2 rutin hydrate(Sigma-Aldrich Co.)el 7
2o 9)3}e] rutin hydrate equivalents(RHE/g) &9l =
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B Ao M AVE-3 7= Streptococcus mutanstIKCTC
3065), Streptococcus sobrinus(tKCTC 3308), Porphyr-
omonas gingivaliscKCTC 5352), Prevotella intermedia
(KCTC 569H)= I gasdTd vAExdAH
(KCTC, Daejeon, Korea) ZHE A= EUrto} A}
|3}, Streptococcus mutans 3065, Streptococcus
sobrinus 33082 Trypticase Soybean Broth(TSB, Bec-
ton and Dickinson and Company, Sparks, MD, USA) H}
A& AHg-sho] 37°C, vl 7] (JISICO, JEIL Scientific Ind.
Co., Ltd., Paju, Korea)oll A 2413t 37|20 & 8] %a}Sd
t}. w3, Porphyromonas gingivalis 5352, Prevotella
intermedia 5694+= TSB #jA]ell 3] &3ko] 37°Cel| A 244]
R EEEERDET LS

XMalls=(minimum inhibitory concentration, MIC)
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A FEE9 FHAASFEEE broth microdilution
method(25)E ©]&83}%t}. 96 well plateo] TSB wjA =
100 uLA 53t 72H7te] 4 F25 ANEE vEE=R
100 uL® 53 F 752 ODgso 0.08~0.12 o] 10°~
10" CFU/mLE 34 3] 100 ulL® H7}akele}h. o1 5 37°Col
A 24A17F ¥l %F3ke] 650 nmoll 4] microplate reader(Bio-
Tek Instruments Inc., Winooski, VT, USA)E S35
SAsATE FF L7 0.1 olat® YEhd 59 FEEY ¥
558 I AgFF dig MICE A3t

4

O d=9 ds=M

=9 FEES membrane filter(0.2 um, pore size,
Toyoroshi Kaisha, Ltd., Tokyo, Japan)® Al A t}. o]
218 FEFES 0.02%, 0.04%, 0.16%, 0.32% s=H=Z
Eo] TSB iAol #7ke & wle] wjd #3(10°~107
CFU/ mL)E& 100 pL¥ HE3 b 37°ColA 60417 wi ¥
P A 122417k} 650 nmol A microplate reader(Bio-
Tek Instruments Inc.)2 EF =S =450
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o] 74 ¥=A YERSa, 22 succinic acid, malic
acid, acetic acid, formic acid 22 YEISESH acetic
acid¢} malic acid %2 vl e A &S YEFATHAKO0.05).
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Table 1. Proximate compositions and vitamins of bamboo leaves

Items Bamboo leaves
Moisture (%) 6.30+0.07"
Proximate Crude protein (%) 5.10+0.08
composition Crude fat (%) 1.73+0.08
P Crude ash (%) 10.61+0.14
Carbohydrate (%) 76.26+0.13”
Vitamin A (mg/100 g) 0.23+0.03
Vitamin Vitamin E (mg/100 g) 0.06+0.05
Vitamin C (mg/100 g) 567.82+5.69

YValues are mean+SD.
2)Carbohydrate=100— (Moisture+Crude proteintCrude fat+Crude
ash).
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Table 2. Contents of organic acid in bamboo leaves

A -7

Organic acid Bamboo leaves

Acetic acid 56.29+0.193°M?
Formic acid 18.19+0.37°
Lactic acid 24.96+0.05°
Oxalic acid ND?
Succinic acid 229.08+0.59"
Citric acid 446.69+1.76"
Tartaric acid NDY
Malic acid 57.66+1.12°

"Values are mean+SD.

Means with different letters in a column differ significantly
(P<0.05).

ND: not detected.

B3 Z(P. var. henonis StarH®] F714F 242 ace-

tic acid, oxalic acid, citric acid, succinic acid® ¥}
thal atod & A5R9 thA 2pol & Hol=d|, o3 A=
4o A A7), AA, A 2 Foll whet )4t g
ZFol 7} o& AlAFETE & Ju (179 dTellA = divt
FE5 M 71d3sE FEF A A citric acid, tartaric acid,
malic acid, succinic acid, acetic acid 5°] H&H o=
Uelstth o= divky 719 o F9ell wat {74k 24
I} ggfo] thE Ao g AzFsity,

o] AT+ Aol 93} propionic acid, citric acid,
acetic acid, lactic acid 53 &2 F714F AF5 vAE
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Table 3. Total polyphenol and flavonoid contents of bamboo
leaves

Contents Bamboo leaves
Total polyphenol (mg TAE"/g) 21.66+1.53”
Total flavonoid (mg RHE”/g) 42.78+1.10

DTotal phenolic content was expressed as mg tannic acid equiv-
alent/g.

?Total flavonoid content was expressed as mg rutin hydrate
equlvalent/g

PEach value is presented as meantstandard deviation (n=3).
B3 Qi AHIA, 54, 0% FeldE B
o] Z}7} 17.93 mg/g, 10.98 mg/g, 6.69 mg/gl H&

A=
e o S ZelvlE e FHFol x2S &

)

wol=f ZEvEe AR T
C62] benzopyrone®] 7]& =4& 7FA A 9lom #H =
sletEe TR AAA Iy +xsa k3. AE
of &, Al & 7tgel meh EehR o= s T2
vl gaksl W st 28 9 3 g9 F S oy
A A ZAg& AL lo] H& de AHEE L 9,19} 38).

g2 5ol 7% alkaloid, 89+ ¥ FLEANES 2
Fo] oo} WAE st v R et v S
Uelll= 242 &R th39). Song 5(40)2 Hm iy

= o] Wets FFE A9 S cerevisiae, B. subtilis
o e Aol izt Al HE el yolditn
Busgon, Clark 541DE A&A0] &8 H= B2
o] g4 S YEtka Hasgith
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+ Table 49} 2t} %‘013 FEE 0.04~0.16% 5%
mutansl e MIC #£& 2o 0.04% oo, 54 55
& 0.16~0.32% 5%+ S sobrinusel W3] MIC 348 X4
0.16% ol/&oll A o] A HATHIK0.0D. £ F=
& 0.02~0.32% 5=+ P. gingivalisdl ti3] MIC 3= H
04 0.02% o]’dollA 3+ G, 59 55 0.02% 5=
P. intermedia®l W3] MIC #k= ®.o 0.02% o]/l A
b B34S BAFYTHIX0.01). - ATl A A
g3t MICE &¢] 224 25 J&H o= 3 a3
Ao aFolM P gingivalis®t P. intermedia -
P =2
P. gingivalis®} P. intermedia @ 3+ MICE 574
T A3oll o8l P gingivalis®t P. intermedias 2
FEA FE 2.0% oltallA MIC gk Hof 75k e+t
B FH(15). T3, Kang¥} Han(42)& & 35 &
E. coli, S. aureus®.Y} S. mutans, S. sobrinus, P. gin-
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Table 4. Minimum inhibitory concentration (MIC) of bamboo leaves extract against the several microorganism

Concentration Optical density (650 nm)
(%) Streptococcus mutans Streptococcus sobrinus Porphyromonas gingivalis Prevotella intermedia
0 0.120°? 0.128" 0.113" 0.138"
0.02 0.110° 0.119° 0.102° 0.089"
0.04 0.107° 0.103° 0.102° 0.065°
0.16 0.085" 0.102° 0.100° 0.054
0.32 0.073° 0.091° 0.097° 0.027°

YValues represent an average of three determinations.

?Means with different letters in a column differ significantly (P<0.01).

=g FE=0| #ZMT0Il Olxl= S
== o3 = == 7

4 FE=9 W) s wE FA 24 S mutans

3065%} S. sobrinus 3308, A=A 3 YN+ P gingiva-
lis 53529} P. intermedia 56949l W3l AL JA a=
ZAEE A3E Fig. 1~40] YeY. 9 FE50] 1A

=9 AFAH mA = GFS goli] 93 A FE
UEW = O.Dssotts €3 Ad=do= Yehl Bttt
Fig. 1] Vet 252 B S mutansl|AE= 59 7
a4 ez =9 FE== 0.02% H7FolA vl
F 242717k O.Dgsogke] 0.102.2 F43] F718le] 48413
o] FH-E] A A3 FFAsHTH(/X0.01, 7<0.001). FEgH,
& T 24N FH FEE 0.32% H7FA A= 0.Dgs0dk

0.06°11 2.1} 60417kl = 0.042 T2 Aol 1] 3}o]
Aol S o] @A3] A= AH(#X0.001, £<0.01). o]
g Aas Fekel H FA7l Bls 54 0.32% W7

1 S mutans= FH3HA F20] A ENoH, ¢ F

ol A7} FL7F S7VESE S mutans AS A A=

-

0.14
— . —&— Control
_— T
E on -T2
= —— T3
2 o0 AT
E=}
=]
g 0.08
as
S Ty
= o006 e
=
E 0.04 -
50 .
—
T) 0.02
]
0.00

0 12 24 36 48 60
Incubation time (h)

Fig. 1. Effects of ethanol extracts of bamboo leaves on the growth
of S. mutans. Values are means+standard deviation of 3 repli-
cates. The symbol * denotes significant difference within each
incubation time ( P<0.01 and P<0.001), and the s;/mbol # de-
notes significant difference within each treatment (*P<0.01 and
###P<0.001) as determined by Duncan's multiple range test. Con-
trol, non-treatment; T1, ethanol extracts of bamboo leaves 0.02
% treatment; T2, ethanol extracts of bamboo leaves 0.04% treat-
ment; T3, ethanol extracts of bamboo leaves 0.16% treatment;
T4, ethanol extracts of bamboo leaves 0.32% treatment.

==

Fig. 29 Yebd 252 WA S sobrinusd| A= 59
HA7rekA 2 dzok £9 FE= 0.02% bl A Hl
& T 2447kl O.Dgsogkol 43 F7F3FA L 484131 o] %
FE AMA 3] AR THK0.001). T3, vl %k § 24 A7k
=9 F25 0.04%% 0.16% H7FTA O.Desodk< tx
T =9 FEE 0.02% A7 v& wA Vel o
48A17F o] FHE 9 FEF 0.16% 7ol A 0.04% #
7F-ell 113l O.Dgsogkol o 743X 0.001). 9 F
=5 0.32% H7Foll A= vl F 60A17F B3 v AT
of B3} O.Dgsotkel 7 SEA vYeElst o, vk 5 60417k
o= O.Dgsofke] 0.04=2 v 27|12t} o vHA] e THX
0.00D). o]l& 594 FEEY sE7F FobAIA ujdr|to]
AErE 0.Desofke] A o™ 0.32% FEolX &
BOAIZI7HA] Ad7gol 7Hd wol AR S &1 F AUk

Fig. 394 A3E B P gingivalisdl A= 59 A7}
SHA) &2 xRl A v ¥ £ 48417Fe O.DesoBke] 0.12%
F438] F7tstth7t 1 FRH A TH(#K0.001). v
9 F5% 0.02%, 0.04%%F 0.16% H7Foll A= g 5

il

il
=
=

—&— Control

0.14 v T
i —a— T2

xxx
axx
o

0.06

Ty

0.04

0.02

Cell growth (OD 660 nm)

0.00 T T T T T T
0 12 24 36 48 60

Incubation time (h)

Fig. 2. Effects of ethanol extracts of bamboo leaves on the growth
of S. sobrinus. Values are means+standard deviation of 3 repli-
cates. The symbol * denotes significant difference within each
incubation time ( P<0.001), and the symbol # denotes sig-
nificant difference within each treatment (###P<0.001) as de-
termined by Duncan's multiple range test. Control, non-treat-
ment; T1, ethanol extracts of bamboo leaves 0.02% treatment;
T2, ethanol extracts of bamboo leaves 0.04% treatment; T3,
ethanol extracts of bamboo leaves 0.16% treatment; T4, ethanol
extracts of bamboo leaves 0.32% treatment.
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0.16

0.14

0.12

0.08

0.06 -

#53
*xx

w53
Ty

0.04

Cell growth (OD 660 nm)

0.02

0.00 T T T T T T
0 12 24 36 48 60

Incubation time (h)

Fig. 3. Effects of ethanol extracts of bamboo leaves on the growth
of P. gingivalis. Values are meanststandard deviation of 3
replicates. The symbol * denotes significant difference within
each incubation time ( "P<0. 001), and the symbol # denotes
significant difference within each treatment ( #P<0.01 and #P<
0.001) as determined by Duncan's multiple range test. Control,
non-treatment; T1, ethanol extracts of bamboo leaves 0.02%
treatment; T2, ethanol extracts of bamboo leaves 0.04% treat-
ment; T3, ethanol extracts of bamboo leaves 0.16% treatment;
T4, ethanol extracts of bamboo leaves 0.32% treatment.

204120 ODsoike] S7HEF A8 E 44 2
&3] ARHRH, FY 2B 0520 WATANS
F 6041749 O.Dgsodke] 0.042 W 2710} 1 7
A WERTHA0.001). o E9 FE B A7t FEot
Fold 5% AF AR YA P, gingivalis T2 Aol
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