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Abstract

For the physiological and antibacterial activity test, bamboo(Sasa coreana Nakai) leaves were
extracted with 70% ethanol at 80+2°C and fractionated it with 4 solvents which had a different
polarity. Seventy percent ethanol extract from bamboo leaves showed strong antioxidative activities
toward the linoleic acid methyl ester substrate. In each fraction obtained from 70% ethanol extract,
inhibition activities against lipid peroxide and malonaldehyde formation were increased in the order
of aqueous fraction < n-butanol fraction < petroleum ether fraction < diethyl ether fraction < ethyl
acetate fraction. The electron donating abilities, nitrite- scavenging abilities and anti-complementary
activities of n—butanol fraction were the strongest of all the fractions. The 70% ethanol extract
showed relatively high electron donating abilities, nitrite-scavenging abilities and anti-complementary
activities. Furthermore, the 70% ethanol extract showed strong antibacterial activities against
microorganisms related to food hygiene such as Vibrio parahaemolyticus, Pseudomonas aeruginosa,
Salmonella typhimurium, Enterobacter aerogenes and Staphylococcus aureus.
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N} 72 9] extract 5 % 7 HEo Bl MY
ANEY S Ak EA ) AR FHEuby o
P} AR IE A2 Fig. 154 22 gAez &
o] FAAE ol g3 viFA & HEoZ ¥ F
g Hroz Zhzh B3l ch(10,11). & ¢ o2
FHWZAB-S P4 500mlE T2 St =3e) v}
T A 20g8 @ 208052 70% ethanolg 713
80+2°C-l F&A A 247 Bt 23 F 4%
(Whatman No. 5A)Z 4 #3}ic). 13} 59 A E
e} AL 22t od 13 H WHE 2 F £ FE39S
g ob8 7t 53381e] 70% ethanol extract® S At}

Lol FAAE o] 4% HE Hele 99 70%
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Bamboo leaves
Extracted with 70% ethanol and filtered

Filtrate Residue
Evaporated
Ethanol extracts

Dissolved in water and extracted with petroleum ether

Petroleum ether layer Aqueous layer

Evaporated Extracted with diethyl ether

Petroleum fraction Diethyl ether layer Aqueous Layer

Evaporated Extracted with ethyl acetate

Diethyl ether fraction Ethyl acetate fraction Aqueous layer
Extracted with n-Butanol

saturated with water

Evaporated

Ethyl acetate fraction n-Butanol layer Aqueous layer

Evaporated Evaporated

n-Butanol fraction Aqueous fraction

Fig. 1. Flow diagram for the extraction and fractionation of bamboo leaves.
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ethanol extract® & 50mloll & A1# 4z 7]of
Y3 petroleum ether(50ml% 33 wHE)& Z35)e
petroleum ether fraction& 9l 2 28 oA &
Az 7lel] P e} zhe W o2 diethyl ether
fraction, ethyl acetate fraction, ~¥3} n-butanol
fraction ¥ aqueous fraction2. & ztz} 82 % 7}ebs
E3le T o2 7 g He] 82 it 7t
o HE 5555 LA 02 10ml2) methanol(99.8%)
(aqueous fraction-2 10ml2¢] 50% methanol)ol] &3] A]
A A" o FFA APl Agstgc)

X5 4BY PN 51

F2E g8 s 24 o2 A BastEs)
(peroxide value, POV) A3 linoleic acid methyl
ester(Nacalai INC. Japan)& 7|2 & A}43}e] Ando
59 W 12)) ot A3tk & linoleic acid
methyl ester 100u1¢} 2+ ¥ & A 549 50u12 @1.6cm
X6cm2] AP el W3 50°C -7 oA AAH e
4tah-g Z2 471 ©h& chloroform-acetic acid(2 : 3,
v/v) 35mlell &3 Al e, o] &-4-& 250ml 4 Atz
Eetagd Ya Airtag Eetaage] 278 A
A7) & 23} KIgg-F ImlE Arlsla 187 49
A sl o FL FollA 5E WA A7) oL =
Al FF omigt 1% AEA Y 1mlE M) £t
0.0IN NapS:0: 8- 2 2 & 944 sle] POVE &4
8} o},

#) 4 ¢] malonaldehyde &% -& 0.1M phosphate buffer
(pH 7.0)¢} ethanol& 4: 12 &g L4 linoleic
acid methyl ester”} 0.03Mo] = 28 ¥ 7}sle] 7]A &
A& ZAsHe) 71244 20mle] 0.1M phosphate
buffer(pH 7.0) 19.2ml, Zt & Al 89 0.8mlS H7}§ F
shaking incubator(60°C)ellA] 100rpm2.2 #H|<& A g}s}
A Mitsuda $-(13)3} Sidwell S5(14)2] w8 w33}
#(15)<] wh o) w}a} A A A o 2 TBA(2-thiobarbituric
acid) 3-& A3l & 7 A1A ub-gd 2.0mlE A §
Fell #3tx o37] el 35% TCA 1.0ml, 0.75% TBA A
2} 2.0mlE 7}& o}& vortex mixers 303 E<F A&}
gtod FASHA ] F 95°C 5=-8-2 o) 2] 408 F-qF uHE-
Y A gl o whg-o] Byt & ice bath Abell A A&7
W2} A1 A acetic acid 1.0ml, chloroform 2.0mlS 7}3}
L, vortex mixer® ©HA] ZeFA1Z1 F 3000rpmell 4
58 T AR, 2 AR g 35S 532nm
oA ZHste] o] & TBARLE 3Q.ond, ol
st TBAZLT wlasle] Fx)of gt Absledx)
235 A4

FEE Y 3XB0Es 54

# 2} g4 *5-(electron donating ability)-< ] ¢} £.¢]
i (16)S Hysle 2A4siqr). & 34F Y3y 7
A& 100ule]] 2x10™“M DPPH( a, ¢ '~diphenyl- 8 —picryl-
hydrazyl)-§-<4 2.9ml¥ & 7}3} ¥ vortex mixer £ 10&
b Aeste 108 B FAFEAE ALt 525
nmell X FFEE FA4sgct AT A
102 et F FFEge 7|20z 108 B¢ AAA
w3k WEg2 Jehygch

FEE HE2Y olFMY MAs &

ol Abed AlA =H&-(nitrite-scavenging ability)-&
Gray9} Dugan®] W17 93ty 243t &,
1ImM NaNOz-&-9) Imlel| 3&& 8 34¥ 7 A 8 50u1F
A7skar o 7)o 0.1IN HClpH 1.2)5} 0.2M citrate g+
FY(pH 4.2)& Al-4-8le], w3882 pHE 12 9 4.2
2 zA s ks 29 & 10mlE ) 2 oL
37°C &2 A 147} Bl wb-3- A7) F uk-g-8-of 7}
1ImlE # 3t 9716l 2% acetic acid49 5mlES #H7}
gt o}-& Griess A12H30% acetic acid® b7z} A%
1% sulfanilic acid®} 1% a-naphtylamineg 1 : 1(v/v)
2 ESE A, AL A" 24) 04mlE st Z
7 o5 A2elA 1587 w2 A7) & 520nmel
A FFEE 28] AEdE olAAG S F3ly
t},

FEE HEY g8y M =H

%} 3 A &4 (anti-complementary activity)-2- Mayer
H18)d 23t A slgdct & AR Aoz »
e] 9 NHS(normal human serum), ¥ ¥4 22%
501 % GVB' " (gelatin veronal-buffered saline, pH
T4 838 3T F o] Eg4-& 37°ColA 308
¢ AT g GVBTT 350mlE A slkdch &7
ol EA cells(sensitized sheep erythrocytes)-& %7}5}
A 10~ 16080 2 3] 4 s}gic}, o] A& 37°Cell 4] 1417}
¢ WAR obg PBS(phosphate-buffered saline,
pH 7.2) 25ml& 7}8he] 4°Coll A Al 28] sk}, YA
FeE A NS 412nmellA FHEE 2H 500
ohgd e Aleg FuA YA Aastedc)

Inhibition of TCHsy(%)=

TCHso of control— TCHsy of treated with sample
TCHso of control
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Table 1. List of strains and cultivation conditions for antibacterial activity

Strain

Cultivation condition

E. coli ATCC 25922

Bacillus subtilis ATCC 6633
Pseudomonas aeruginosa ATCC 27853
Salmonella typhimurium ATCC 14028
Clostridium perfringenes ATCC 13124
Enterobacter aerogenes ATCC 13048
Vibrio parahaemolyticus ATCC 17802
Staphylococcus aureus ATCC 25923

Nutrient media, 37°C, Aerobic

Nutrient media, 30°C, Aerobic

Nutrient media, 37°C, Aerobic,

Nutrient media, 37°C, Aerobic

Nutrient media, 37°C, Anaerobic

Nutrient media, 30°C, Aerobic

Nutrient media added 3% NaCl, 30°C, Aerobic
Tryticase soy media, 37°C, Aerobic

238 HBY YT 57

&4 AY-L paper disc(8mm, Toyo Seisakusho
Co.)E ©] &3} agar diffusiond (1,922 &35}
Z FZEL A Auix] 100mlidll & HFolE A F3ld
AA LX oA 18~244) 7k vioksle] @A F, 2
& Top agar(0.75% agar)ell 200ul %(10"~10°
CFU/ml)3}ed plate $]oll 93 7+ 3588 973 disc
ofl 50ul4 &4, A=A A plate EHH N LeiFS ot
£ 085% A G ()2 FAAH ) 28l 24412
w oFalod disc F¢] ol A Aol A (mm)e2
374 233t} Table 12 AH4-3 559 o)
Al 5 kAL Jehd 7o)t

Ciuteelel Eoiy 2zt &&2e T8

i 4o 2 929 5 S
Table 28} 2t} 70% ethanol extract® 7.8%2 4%
3 L 488 ¢d9en, 70% ethanol extract® §-E]
doiz] zt gujrd Ee) £&L& FA4o] L n-butanol
3 e frel Z7t 181%% 426% = 71 L
$8-& et 2y FAe] d& Sl e
petroleumn ether 3 & > diethyl ether ¥ & > ethyl acetate
gro oz 238 FA) FEFE ] 2 FE

Table 2. Yield of each fractions extracted from bam-

boo leaves
Fraction Yield(%, w/w of fresh sample)
70% EtOH extract 7.80£0.33
Petroleum ether 0.690.08
Diethyl ether 057=0.06
Ethyl acetate 0.41£0.05
n-Butanol 1.81£0.15
Aqueous 426*0.17

DEach value is mean=standard deviation of triplicate
determinations

& ehfo] kgl HAARAEY 52 Sa3te
Aol 4282008 K] e, o] & Bk Lol
Y228 M ER AL LS o FH7h 2 AU
2 Az,

CitRelel Soiy 2t HEel ast B3}

oubelel g 2 3 ¥ 325 -E 59 linoleic acid
methyl ester 7] o] & A&
ZAMR A= Fig. 29 ) 2 38 58852
A Ao g FAEE QA AA 2142 A7]E ethyl
acetate 82 > diethyl ether 8 # = petroleum ether
3% > n-butanol % > aqueous 3 £2] o]l o,
S84 yg A3 2 17 70% ethanol extract
E 7t g2 galdd A14¥ methanol E water-
methanol(5 : 5, v/v) A7FE(H 2Tl i3t 4rs} &
#71 A ARGt 53 dars 2 MR 2
ethyl acetate ¥ 23} diethyl ether 2 ¥l 33 A&

1000 |- O Control
@ 70% EtOH extract
[.] Petroleum ether
Diethy! ether
800 - ¥ Ethyl acetate
V¥V n-butanol
A Aqueous
g 600 |-
g
E
> 400 +
o
&
200
0 i 1

0 8 16 24 32 40 48

Incubation time (hrs)

Fig. 2. Antioxidative effect of each fractions extracted
from bamboo leaves by peroxide values.
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ololel = §& A REol F=] AeH19). Hd Tt
3} 2o gatst Ao 7iztel e W B
7t dem, 53 2 F T H¥SHe #47]1(-0H)
1} A7) (-COOH)7t A &g HEA SR EEL F4F
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AFIAY A A7 e R dA slek202D). T4
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Fig. 3. Antioxidative effect of each fractions extracted
from bamboo leaves by thiobarbituric acid value.

Table 3. Electron donating abilities of each fractions extracted from bamboo leaves’

35 9 §h5ElE(22) A E £315HE wbd ol ofvl
x4 feto] = 9 R (2324) 52 A & A A’}
2 BmE ek weba] B Agdd $44 il
A garst Zsbzh A9 gAY 2303 Atdrr 248
R A2 BT uleled FF 4 D53EE AT
3 A4 48 Aoz AR

w3 hrbF-d e o 2 41 FEEE2) linoleic
acid methyl ester-ql4ket3~e] 71 B¢ malona-
ldehyde A4 G A A3+E Fig. 35 2} &9 Ak}
E gAgA AFde} U3 H 3O 2 ethyl acetates}
diethyl ether ¥ #-¢] malonaldehyde 4 & Al A =2}7}
W e, £44 LS ¥& TBAZHE X 34t
3 ZF7F gAY 288 Ak 2313l Aoz e
ek $12) a3} E 3 malonaldehyde A4S A &3}
o] A 2 o o}F-90-E 70% ethanol extractel A1
= e aakst a3} &, draA 29
7 S 7 YRAME L4 1S A3 gE
474 HEA X E 77 FArEE S ehlo] A E9
28 - 7+l Ad HoHE H AFREA, w754
AENRE o] 4" of 2 A7} S ZALE M

ChutRRlel Soiy 2t &E2 MXBHs &I

43} a9 4 523 Q] o ¥ oxidative free
radicals® wHg-8te ALZA HAFAF A4S &
A radicalell AAE Foi st A F F2o A2 Ak3} o A
g A Aol dE A5 2HEe AR o))
e} ekl B Ao YA 23 B A
£ 2 o+ %) free radical?l «, e ' -diphenyl- A-picrylhy-
drazyl(DPPH)& ©]-§-3le] z} &g 2 F&2E2
A2} ge] 5L A A3k Table 33 2, 28 Y
Eol4 DPPHe 93 F359 2tadAte] 4k 5%
W9 ool A 7}atA Vel 2 S8 FEHE
o] AAFelse z7|E A RH WA 70% ethanol
extracts 8H-S 530l 149%, 108l 195% & wf-$- =3
t}. 70% ethanol extract® & Jeojzl 7+ &8 3§

)

Electron donating ability(%)

Fraction

0.5min 5min 10min
70% EtOH extract 543%7.2 143.7+10.3 1950+125
Petroleum ether 23.4+35 60.3% 8.1 7421t 70
Diethyl ether 266%4.0 616t 74 780% 6.3
Ethyl acetate 28.11+4.2 77.0= 6.5 9.1 79
n-Butanol 90.2+9.1 242.0*+15.7 286.41+18.5
Aqueous 340%5.3 83.0x 7.1 976% 84

YEach value is mean* standard deviation of triplicate determinations
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9] A 2o n-butanol > aqueous = ethyl acetate >
diethyl ether®] 402 Juby o g2 JAo] FolA4F
AApge 5ol Z7tE9len, 53] n-butanol ¥ el
A= kS 589 2429, 1089l 286% & vl-$- =& A A}
Fo 5L vehdo] 843 Anrl F& o4 4 Aok

CHtelel Soid 2t &22| orEdtyd Hs &t

ulolA] E-AlQl N-nitroso 329 A7A 9] 3}
Q) ol Al & wlgko] 7 &= ) ok, FHE vIFF
2+E AR de FHE 3, SAElY 71g
AlZo] BEa by tAAl S 8 A FAHVIERER A
L3¢} A Ee) et A &2 ol A nitrosamines-S 2] ¥
AE7re} A sukg-o 2 AZ o4 #xt ofy2} nitroso
3} ul-2o] oAl Y pH 2AGMZ)3 FAlsk
o, sje A% A BAE & vH17,2526). -+
go] 7 gy 22 3R olAAg AAFE 2AR
7 3 Table 49} Ze}. obA At A A 5L pH7F &
42 A veh} pH 12 WA= 2 HEHE
29.7~485% W4, pH 42414 +& 39~129% H$2l
otalalyd A AL Both 7 Py ofA AA
& 5 dubge g FAo] & 478 FEELE
2 &7} Egre o, E3] n-butanol &) pH 1.24]
A 485%, pH 4.241A4 129%2 714 =& AASS
veliglct. n-Butanol ¥4 oy AH2LEF
mechanismel] €] 84 N-nitroso3} Hk-8-0] A= %=
Ae B Agda H&s) g3ix A dster, Graysh
Dugan(17)8] 23 ¢)s" ammonium sulfamate,
methionine, glutathion, cysteine 52} #UEA & L
BaEze] &M H7Fslel-& 9 N-nitrosamine
HAL AgAE $ etz ok £ AP ANA n-bu-
tanol &9 EL oAAE AATL ol ¥ #HUA
249 47t 2 ¥ A4 £ £ AYe
olalgt AFE %9 FAFE M oA Al

Table 4. Nitrite-scavenging abilities of each fractions
extracted from bamboo leaves

Nitrite-scavenging ability(%6)

Fraction

pH 1.2 pH 4.2
70% EtOH extract 207%18 39+09
Petroleumn ether 295%2.0 983705
Diethyl ether 37.3+34 79%04
Ethyl acetate 404132 6.610.6
n-Butanol 485*36 129+13
Aqueous 43728 88*1.1

YEach value is mean* standard deviation of triplicate
determinations

s

Table 5. Anti-complimentary activities of each frac—
tions extracted from bamboo leaves

Fraction Inhibition of TCHso(%6)
70% EtOH extract 56.2+3.7
Petroleumn ether 354*1.9
Diethyl ether 35.8+1.6
Ethyl acetate 376121
n-Butanol 56.3+4.0
Aqueous 337128

YEach value is mean=standard deviation of triplicate
determinations

A% AZzel vastd® &40 & A=ATH2).

CiubR el Soly 2t &Fo| R4 &4

)39 9} 70% ethanol extract®} o} & FE2EZ
HE] dojAl 7+ gl R H AL AR 7
H A 84L& 2218 2 3= Table 59 ). 70% ethanol
extract®} 70% ethanol 2 & %2 % n-butanol & &
o] ek 56%2] 7+AF 52 3 A A vehl %l 2, petro-
leumn ether, diethy] ether, ethyl acetate % aqueous 3%
o] oF 33~37% W9 ¥ A &AL Jehdcd o]
A3 AT 52 gt d4 FEFA FR
A A& 2AY AHQNe) vlas & o 2 2}
283 dAE Ao waoh

citeelel Sofy 2t 2igel BR

hu} 8] 70% ethanol extract?} o] & FEEZ
BE] Qdolxl 7t guly FE AFHA B F2 A
Foll i3t FFHE FAHE Azt Table 65 2t
™ A 70% ethanol extracts= Enterobacter aerogenes
2 8 &£% 539 AFolA FHEEHE JeA T,
709 ethanol extract® ¥-E] dojx 4-vid 7} 22
#3-&, E38] petroleum ether 8 #-°] Staphylococcus
aureusdl 73% ALAA A7E XA Vibrio para-
haemolyticus®t Salmonella typhimuriuml A = 3@
2.2 el gl o}, Salmonella typhimurium$} 73-$-oll =
70% ethanol extract B}t olvz} Ao BE & Faij4
384 & Yebl el 2, Bacillus subtilis< ethyl acetae
88 Clostridium perfringenes+= n-butanol ¥ &l
A 78 Jetdedet 2Ev E coli= BE HEe
A gF AFE HolA «stth ¥ Pseudomonas
aeruginosa®} Enterogenescter aerogenes+ 709 eth-
anol extractoll A ©}& #F v} & FF A5
el gl o} Enterobactor aerogenes+= petroleum ether
2 B ol A, Pseudomonas aeruginosas 584 & ol



(AN e e o 33 as 141

Table 6. Antibacterial activities of each fractions extracted from bamboo leaves

Inhibition zone on plate(nm)”

Strain 70% Petroleum  Diethyl Ethy!
EtOH ether ether acetate n-Butanol - Aqueous
Enterobacter aerogenes ATCC 13048 14 w¥ - - - -
Vibrio parahaemolyticus ATCC 17802 10 10 - - - -
Clostridium perfringenes ATCC 13124 2 - - - 10.5 -
Bacillus subtilis ATCC 6633 - - - - -
Staphylococcus aureus ATCC 25923 8.5 14 - - - -
Pseudomonas aeruginosa ATCC 27853 12 w - - - -
E. coli ATCC 25922 - - - - - -
Salmonella typhimurium ATCC 14028 10 10 9 - 85 85

l)Diameter. PNo inhibition zone was formed, Cultivation time : 24hrs, MWeek inhibition

Al BReF 1642 7R = FHE BT 2 ol F 2
© L ZFA7} HleFsgich o) of ol tivi gl o] A
4L B Sl &&= Ao oluzl U 1}
E 4 ME £&5 e AR E A7) obd 7
7YA] o] ByH oz At fste Ao Hojxj,
Chuyen 5(19)8] % Z(Kumazasa) Q9] 3584 8
TFA & Ve 343 2-& acetic, benzoic, phenylacetic,
salicylic, 3-hydrobenzoic, guaiacol, phenol, 4-vinylphenol
Y Rrl4ts sEAd Eole) st w3 £ AYY
A= A #9)9) = (Saso borealis)W 2] F&F
ol QX A F Y ES I AF o WS
o that B Aye] Axolx A dxslgc) wjal
A HA A gEe gl v EUE 9 EA09 F
A7 AN 20 A3 B AT S o
T AFd 3529 37FH AYE F88F4) Qi)

2 o

At F A (A2 eh)& 70% ethanol® 80+2°Cell A
F233 FAo] o wlA 4z PEaie] Ay
A 9 33FAE 7 239} 70% ethanol extracty =
< 843 & Jehl] 12, 70% ethanol extract® &
Bl @z Zt o 2% Y Fo| At YA
<] #| 2} malonaldehyde A4 & #] & T} ethyl acetate
H ¥ > diethyl ether ¥ ¥ = petroleumn ether & & >
n-butanol ¥ > F44 FEo &oldirh HALFo
%, ok Al AA S 2 ¥ E A 42 n-butanol &
ol & HFof Wizt A & ANE HAYIL, 70%
ethanol extract®] 7 $-oll = Mab-go 3, ol At g A
s ¥ FgraA Aol A vtehtcl v
70% ethanol] extracte A1 A T vl £l Vib-
rio parahaemolyticus, Pseudomonas aeruginosa,
Salmonella typhimurium, Enterobacter aerogenes,

Staphylococcus aureus S|4 378 € Jelhdaict.
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