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Chemical Components and Physiological Activities of
Bamboo (Phyllostachys bambusoides Starf) Extracts
Prepared with Different Methods

In-Ok Ju*, Gi-Tai Jung, Jeong Ryu, Joung-Sik Choi, and Yeong-Geun Choi
Jeollabuk-do Agricultural Research and Extension Services

Chemical components and physiological activities Bamboo (Phyllostachys bambusoides Starf) extracts obtained by
burning, dry heating or extracting with water or 70% ethanol and were investigated. Contents of soluble solid
and total phenolic compounds were highest in the ethanol extract. Contents of polyphenols such as catechin,
chlorogenic acid, caffeic acid, 3-hydroxy benzoic acid and ferulic acid were determined. Free sugars consisted of
galactose, glucose, fructose, and sucrose. Organic acids including citric, tartaric, malic, succinic, and acetic acid
were present in the bamboo extracts. Antioxidant activities of dry heat and ethanol extracts were higher than
those of BHA or S-tocopherol. Nitrite- scavenging effect of extracts ranged from 84.7 to 99.6% at pH 1.2 and
3.0. Tyrosinase-inhibitory activity was higher in the water extract, and SOD-like and ACE-inhibitory activity
were highest in the dry heat extract. Antimicrobial activities of the bamboo extracts were strong against Bacillus
subtilis, Escherichia coli O157, and Staphylococcus aureus.
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U7 FZHe] pHe= pH meter(Accumet 50, Fisher scien-
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ZHE 3 No. 2)8F F ANE Abbe SHTEA(IT, Atago,
Japan)Z ZAFA FHE FHE FE2Y 02mld FHF
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Na,CO, 3-8 1.0mLE H7Fste] 1417 W28 & chloro-
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#2819, #7112 9 HE 4L guF FE4E 045um
membrane filter® 13} ¥ HPLC(LC-10AD, Shimazu, Japan)e}
Bio-LC(DX 500, Dionex, USA)E EAslgiom ol £ =2
742 Table 13} 7F(12,13).
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A8 2 |, [-diphenyl-2-picrylhydrazy(DPPH) free radical
2ANAeE 235t & Algel methanol 4 mLe}F 0.15
mM DPPHE& | mL 282 A|EY 20, 40, 60 L3} =72
&-tocopherol} BHAE 20, 40, 60 ug #7138} vortex mixer=
1027 wrate] oA 308 g v 517 ol 5%
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Tyrosinase &4 XMas

Tyrosinase 24 Adls 2HL Jung 5(16)9] Wl w}
35°C &N 2=F ng] &2AT 0.175M phosphate buffer
(pH 6.8) 02mL, 5mM L-DOPA solution 0.2 mL ZLE]3L A&
' 02mL E3tMell mushroom tyrosinase(110 units/mL) 0.1

mLE AH7Isle] 35T 287 w3417 v 475 nmollA] &
A FHES,00h Eh A FHE 0.1 mLE Y7l &
%
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B FYEC,)E T 4ol gJste] Akt

Inhibition effect(%) = {1 — (Syp,— Bap/Cape} X 100

SOD FAkeH

SOD FAFEd2 UvF- FEY 02mLe] 10mM EDTAE
FoslE 50mM  tris-HC! bufferpH 8.5) 3mL%t 72mM
pyrogallol 0.2 mLE 7}3ke] 25°CollA] 1087 vEgA)1Z] & 1IN
HCl 1 mLE 7}stq 9h8-& AAAIFAT vhgele] 3355 420
molA FY3 AR il SFTE J7 AS dE2TE
WEa2 gaEdrk(17).
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Angiotensin-converting enzyme(ACE) A3 €432 Cushman}
Cheung 5(18)°] #el we} &< 30 pLell 714 E 608 mM
NaCl3} 7.6 mM Hip-His-Leu2 =<l 50mM borate buffer(pH
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& IN HCl 250 uL'g H7tste] wES-& AAAZ . o714
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ZAF]AL 3,000 rpm e 2 1087 A7 F 4EN 0.5mL
E FHskArh Aspiratorg ©]-838F] ethylacetateS 53] | A
AR o FHT 4mLE ] 88iA1A 228 nmellM] FHEE
T AEOR FHFFE ke A dE2TE ste] ACE

AE felizol chgt &z &Y

A 832 paper disc 22 Bacillus subtilis, Lactobacillus
plantarum, Staphylococcus aureus, E. coli & 459 2% 94
& thekd Table 29 7+ 7o wjokelel 2RI =
#FES AAWA 10mLel 19ge] FEste] 2447 33] A

Table 1. Operating conditions for analysis of free sugar, organic acid, and polyphenol by HPLC

Free sugar

Organic acid

Polyphenol

Model LC-10AD, Shimazu
Detector RID-6A

DX 500, Dionex
AD20,210 nm

DX 500, Dionex
AD20, 254 nm

Column  Phenosphere 5 NH, 80A (4.60 X 150 mm) Rezex 10 p 8% H ORG ACID (7.80X 300 mm) GROM-SIL 120 ODS-5 250 X4 mm

Eluent  Acetonitril 80 + D.W. 20, 1.0 mL/min

0.005 N H,S0,, 0.5 mL/min

MeOH : D.W.=85:15, 1 mL/min
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Table 2. List of strains and culture condition used for antimicrobial
experiment

Cultivation condition

Nutrient, 30°C
MRS, 30°C

Nutrient, 37°C
Nutrient, 30°C

Strains

Bacillus subtilis KCCM 11314
Lactobacillus plantarum KCCM 11322
Staphylococcus aureus KCCM 12103
Escherichia coli 0157 KCCM 11234

el Fst g 03 mLE =W A=RAZ B =gsia
D¥ 6mm paper discE AH E8 F g FE2H S0uLE
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Table 3. Chemical properties of bamboo extracts prepared with different methods

. Soluble solid Total phenolics Evaporation residues
i
Extraction methods pH (*Brix) (%, Wiv) (%, wiv)
Burn 5.02+0.10° 3.8£0.6° 0.2510.00° 3.75+0.55
Dry heat 5.0310.16° 2.8+0.2° 0.36+0.00 2.92+0.01°
Water 53740.10® 2.6£03° 0.25+0.01° 2.76 £0.01°
70% ethanol 545+0.10° 13.7£0.6° 0.42+0.01° 1.91£0.01¢

YBurn: bamboo culm was cut into 25 c¢m long and bunt using Bunsen burner.

Dry heat: bamboo culm was placed in glass container and heated at 100°C for 3 hr,

Water: bamboo culm was extracted using 10% (v/w) of distilled water at 121°C for 1 hr.

70% Ethanol: bamboo culm was extracted using 25% (v/w) of 70% ethanol at 80°C for 3 hr.

**Means (n=3) with the different letter in same column are significantly different (p <0.05) by Duncan’s multiple range test.

Table 4. Mineral content of bamboo extracts prepared with different methods

(unit: mg%, w/v)

Extraction methods” Ca Mg K Na
Burn 6.17£0.15° 12.46£0.21° 517.1+22.7° 421+0.15°
Dry heat 7.75+0.26* 2535x0.17° 508.1 49.4° 5.97+£0.07*
Water 4.66+0.28° 12.87+£0.29° 262.4+23.9° 3.35+£0.13¢
70% ethanol 1.34+0.08¢ 5.56 =0.16° 2352429.1° 4.04+0.10°

"Refer to Table 3.

*Means (n =3) with the different letter in same column are significantly different (p <0.05) by Duncan’s multiple range test.

Table 5. Heavy metal contents of bamboo extracts prepared with different methods

(unit: mg%, w/v)

Extraction methods" Al As Cd Cr Cu Fe Hg Mn Ni Pb Zn
Burn 1.54* ND¥ ND 0.01 0.08° 0.40% ND 1.10° 0.07° 0.02* 1.31°
Dry heat 0.90" ND ND 0.01 0.06™ 0.56° ND 1.96 0.03 0.02° 0.83"
Water 0.70¢ ND ND ND 0.08* 0.52% ND 1.10° 0.03° 0.02° 0.52¢
70% ethanol 1.11° ND ND ND 0.06° 0.39 ND 0.15¢ 0.02° 0.02° 0.19¢

"Refer to Table 3.
INot detected.

*“Means (n=3) with the different letter in same column are significantly different (p <0.05) by Duncan’s multiple range test.
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Table 6. Polyphenol contents of bamboo extracts prepared with different methods

(unit: mg%, w/v)

Extraction methods" Catechin Chlorogenic acid Caffeic acid 3-Hydroxy benzoic acid Ferulic acid
Burn 1.794+0.11° 0.26£0.01° 0.14£0.02¢ 1.91+0.21¢ ND®
Dry heat 3.18£0.21° 1.17+£0.05° 1.67+0.07° 7.73 £0.38 0.53 £0.05°
Water 2.0810.09° 0.54+0.03° 0.59+0.10° 5.041£017° 0.48 £0.09®
70% ethanol 2.1740.10° 0.38£0.08"™ 0.46£0.05° 4.11£0.15¢ 0.33+0.02°

DRefer to Table 3.
YNot detected.

*Means (n=3) with the different letter in same column are significantly different (p <0.05) by Duncan’s multiple range test.

Table 7. Free sugar contents of bamboo extracts prepared with different methods

(unit: mg%, w/v)

Extraction methods" Galactose Glucose Fructose Sucrose
Burn 50x£0.72 1747 £14.1° 53.0+2.1% 74.7+£5.3°
Dry heat 6.6t1.2° 127.4+10.9° 30.0£0.7° 100.2+4.1°
Water 2.9+0.5° 97287 264+ 1.0% 127.2£3.5°
70% ethanol 2.1+08° 883 £5.6° 23.8+£1.5° 108.3+2.0°

"Refer to Table 3.

*Means (n=3) with the different letter in same column are significantly different (p <0.05) by Duncan’s multiple range test.

Table 8. Organic acid contents of bamboo extracts prepared with different methods

(unit: mg%, w/v)

Extraction methods" Citric acid Tartaric acid Malic acid Succinic acid Acetic acid
Burn 932+17.9° ND" 393.3+10.8° 55446.1° 307.4+3.6°
Dry heat 517492 290+2.7° 1,188.3 £59.2° 81.1£9.7° 516.1 £20.4°
Water ND* NDP 390.8+12.1° ND* 288.9410.3°
70% ethanol ND* ND 146.0£16.9° ND* 37274520

YRefer to Table 3.
INot detected.

*Means (n=3) with the different letter in same column are significantly different (p <0.05) by Duncan's multiple range test.
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Table 9. Electron donating ability of bamboo extracts prepared with different methods

o o Extraction methods”
Antioxidant activity BHA 8-Tocopherol
Burn Dry heat Water 70% ethanol
Electron donating ability (%)” 56.0+4.0° 85.3+02° 75.6+12° 86.6+0.0° 73.94+0.3¢ 80.5+0.4°
I1Cs, (UL, pg) 357425 13.440.1¢ 17.5£0.7 13.5+0.1¢ 17.1%0.1° 15.940.2¢

"Refer to Table 3.

YAmount of test sample: bamboo extracts 40 uL, BHA & tocopherol 40 ug.
"OMeans (n =3) with the different letter in same row are significantly different (» <0.05) by Duncan’s multiple range test.

Table 10. Nitrite-scavenging activity of bamboo extracts prepared with different methods

Nitrite-scavenging activity (%)

Extraction methods”
pH1.2 pH3.0 pH 6.0
Burn 99.6+£0.2 84.740.5¢ 122403°
Dry heat 99.6 +0.0° 99.3:0.2° 143+1.2°
Water 993+0.2° 95.0£0.3° 13.8+0.7°
70% ethanol 99.6+0.0° 99.340.2° 43.1 +0.5°

DRefer to Table 3.

*Means (n=3) with the different letter in same column are significantly different (» <0.05) by Duncan’s multiple range test.
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Fig. 1. Tyrosinase inhibitory activity of bamboo extracts
prepared with different methods.
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Fig. 2. SOD-like activity of bamboo extracts prepared with
different methods.
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Fig. 3. ACE inhibitory activity of bamboo extracts prepared with
different methods.
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Table 11. Antimicrobial activity of bamboo extracts prepared with different methods

Extraction methods"

Clear zone on plate (mm)?

Bacillus subtilis Escherichia coli 0157 Lactobacillus plantarum Staphylococcus aureus
Bum 11.6£0.3* - 11.8+0.6°
Dry heat 11.9%+0.1° 9.840.5° - 11.6£0.2°
Water 9.2+05° - 11.7+£0.4
70% ethanol 11.8+0.2¢ 124+0.2° - 11.1+0.1°
DRefer to Table 3.
IDiameter.

*No inhibitory zone was formed.

“Means (n=3) with the different letter in same column are significantly different (p <0.05) by Duncan’s multiple range test.
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