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Bacteria often floated in mid air, was inhaled in vivo, and could cause diseases.
And adsorption properties of bamboo charcoal was not strong. Therefore, in order to
enhanced adsorption and antibacterial effect, bamboo charcoal were pretreated by two
silt and were analyzed by FT-IR. The results showed that VS’s and IS’s adsorption capacity
were different for 0.5h, 1h, 1.5h, 2h, 2.5h, 3h, 3.5h, 4h, 4.5h, 5h, respectively. The optimal
blast time were 2.5hof VS, and 0.5h of IS. Bamboo charcoal had the five characteristic
absorption band during adsorption of VS and IS. S-S stretch, H,O stretch, O H stretch,
C=0 or C=C stretch, N-O or C=C stretch were observed at 3850 cm?, 3730 cm?, 3430 cm?,
1660 cm !, 1520cm !, respectively. The transmissivity of IS’s peaks at 3850 cm ?, 3730 cm ?,
1660 cm ', and 1520cm ! achieved the maximum for 3.0h, and the transmissivity of the
peaks at 3430cm ' achieved the maximum for 1.0h. and the transmissivity of the VS’s
peaks at 3850 cm?, 3730 cm !, 1660 cm !, and 1520cm ! achieved the maximum for 1.0h, and
the transmissivity of the peaks at 3430cm ! achieved the maximum for 4.5h. It provided
the theory to enhance antibacterial activity od bamboo charcoal against bacteria transmit.
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Bacteria, which were a large domain of
prokaryotic microorganisms, were among thefirst
lifeformsto appear on Earth, and were present in
most of its habitats. Bacteria inhabited water,
soil, radioactivewaste, acidic hot springs, and the
deep portions of Earth’scrust!. Bacteriaalso lived
in symbiotic and parasitic relationships with
animalsand plants. Thereweretypically 40 million
bacterial cellsin a gram of soil, and a million
bacterial cellsinamilliliter of fresh water. Bacteria
werevital inrecycling nutrients, with many stages
in nutrient cycles dependent on these organisms.
Most bacteria hadn’t yet been characterized, and
only about half of the phyla of bacteria have
species that could be grown in the laboratory?.
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Therewere about 10 times as many bacterial cells
inthe human flora astherewere human cellsinthe
body, with the largest number of the human flora
being in the gut flora, and a large number on
the skin®. The vast majority of bacteria in body
were rendered harmless by the protective effects
of immune system, and some are beneficial.
However, several species of bacteria
were pathogenic and cause infectious diseases,
including cholera, anthrax, leprosy, syphilis,
and bubonic plague. The most common fatal
bacterial diseases were respiratory infections,
with tuberculosis alone killing about 2,000,000
people per year, mostly in sub-Saharan Africa’.
Bacteria often floated in mid air. If bacteria was
inhaled in vivo, it could cause diseases.

Bamboo charcoal was created by heating
bamboo at temperatures of 600-900°C and then the
charcoal itself was processed and mixed in with
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fabrics as part of the growing field of
nanotechnology®*¢. Bamboo charcoal had the
many positive qualities>”. The fabric inhibited
bacterial metabolism causing fewer allergic skin
reactions than other fibers sterilized with
antimicrobial agents. Becausethetrait was dueto
the highly porous structure of the bamboo fabric,
it could absorb sulfur-based compounds, nitrogen-
based compounds and so on®'?, What's more,
bamboo charcoal, which contained potassium,
calcium and other minerals, could have adsorption
and filtration of extractives, oil, other matters'”-2,
That was beneficial for people’shealth. However,
adsorption properties of bamboo charcoal was not
strong. Therefore, in order to enhanced adsorption
and antibacterial effect, bamboo charcoal were
pretreated by two silt and wereanalyzed by FT-IR.

MATERIALSANDMETHODS

Bamboo charcoal was purchased fromthe
market. Theindustria silt (I1S) wasthe waste water
tank from the Industrial Park. The vital silt (VS)
wasthe waste water tank inrural areas. ISand VS
were dried and crushed into powder.

Adsorption

Two silt powder were weighed 25¢,
respectively. These powder and 30g bamboo
charcoal were put into the closed vessel,
respectively. It was blasted in closed vessel for
0.5h, 1h, 1.5h, 2h, 2.5h, 3h, 3.5h, 4h, 4.5h, 5h,
respectively. Each bamboo charcoal wasremoved,
dried, weighed, respectively.

note: a-0.5h,b-1h
c-1.5h.d-2h
¢-2.5h,F-3h
g-3.5h.h-4h
i-4.5h,j-5h
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FT-IR spectra

FT-IR spectraof the above sampleswere
obtained using a Thermo Scientific Nicolet iIN10
FT-IR microscope as previously?*22,
Result and Analysis

Based on the above test, the result of
adsorption were obtained and listed in Table 1.
SC Effect

Based on Table 1, IS sadsorption capacity
was 1.12 ¢/100g, 0.54 g/100g, 0.43 ¢/100g, 0.31 ¢/
100g, 0.3 ¢/100g, 0.76 g/100g, 0.78 g/100g, 1.02 ¢/
100g, 0.98 g/100g, 0.99 g/100g; VS's adsorption
capacity was 0.55 g/100g, 0.38 g/100g, 0.52 ¢/100g,
0.39¢/100g, 1.57 ¢/100g, 0.43 ¢/100g, 1.45 g/100g,
0.76 g/100g, 1.01 g/100g, 1.16 g/100g for blast time
of 0.5h, 1h, 1.5h, 2h, 2.5h, 3h, 3.5h, 4h, 4.5h, 5h,
respectively. It showed that adsorption capacity
changed at regularity difference. It might be
because rapid stirring leaded to asmall amount of
silt on the surface of bamboo charcoal. The optimal
blast timewere 2.5hof V'S, and 0.5h of IS.
FT-IR analysis

FT-IR spectra were recorded to
investigate the functional groups of bamboo
charcoal during adsorption of ISand VS. Spectra
of the samples were shown in supporting
information Figure 1. In the spectrum of adsorption,
the S-S stretch, H,O stretch, O H stretch, C=0 or
C=C stretch, N-O or C=C stretch were observed at
3850 cm?, 3730 cm?, 3430 cm?, 1660 cm?, 1520cm?,
respectively(listed in Table 2) [30-34].
Comprehensive comparison of the transmissivity
of the peaksof VSand IS (Table 2), for the peak at

note: a-0.5h.b-1h

c-1.5h,d-2h

¢-2.5h,f-3h
2-3.5h,h-4h
i-4.5h,j-5h
T
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Fig. 2. FT-IR spectra of bamboo charcoal during adsorption of VSand IS
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Table 1. Adsorption results
Blast time[h] 0.5 1 15 2 25 3 35 4 45 5
IS 112 054 043 031 0.3 076 078 102 098 0.99
VS 055 038 052 039 157 043 145 076 101 116
Table 2. Group attribution of bamboo charcoal during adsorption of VS and IS (%)
Kind Peak Adsorption time (%) Group
(em?) 05 1.0 15 2.0 25 3.0 35 4.0 45 5.0
IS 1520 781 796 832 821 819 858 838 779 827 8lL4 N-OorC=C
1660 817 826 846 842 842 857 847 796 841 827 C=OorC=C
3430 717 792 756 770 762 776 782 691 781 77.7 OH stretch
3730 752 793 8l2 793 776 89 8.0 773 804 786 H,O
380 785 819 832 818 804 837 808 785 816 795 SSstretch
VS 1520 793 915 833 860 795 835 795 787 813 814 N-OorC=C
1660 812 898 845 852 8l2 842 815 810 830 829 C=OorC=C
3430 749 773 783 746 730 772 748 738 789 758 OH stretch
3730 778 897 806 824 780 793 783 778 797 778 H,O
380 788 895 809 830 791 801 794 789 806 79.0 S-Sstretch

1520cm?, the transmissivity of IS were lower for
0.5h, 1h, 1.5h, 2h, and 4h; for the peak at 1660cn?,
the transmissivity of IS were lower for 1h, 2h, 4h
and 5h; for the peak at 3430cm’?, the transmissivity
of ISwerelower for 0.5h, 1.5h, 4.5h, and 4h; for the
peak at 3730cnT?, thetransmissivity of |Swerelower
for 0.5h, 1h, 2h, 2.5h, and 4h; for the peak at 1520cm
1 thetransmissivity of ISwerelower for 0.5h, 1h,
2h, and 4h. For FT-IR spectra of IS, the
transmissivity of the peaksat 3850 cm?, 3730 cm?,
1660 cm?, and 1520cm* achieved the maximum for
3.0h, and thetransmissivity of the peaksat 3430cm
 achieved the maximum for 1.0h. For FT-IR spectra
of VS, thetransmissivity of the peaksat 3850 cm?,
3730 cm?, 1660 cm?, and 1520cm* achieved the
maximum for 1.0h, and the transmissivity of the
peaksat 3430cm? achieved the maximum for 4.5h.

VS's and IS's adsorption capacity were
different for blast time of 0.5h, 1h, 1.5h, 2h, 2.5h,
3h, 3.5h, 4h, 4.5h, 5h, respectively. The optimal
blast timewere 2.5hof V'S, and 0.5h of IS.

FT-IR spectra showed that bamboo
charcoal had the five characteristic absorption
band. Andthe S-Sstretch, H,O stretch, O H stretch,
C=0 or C=C stretch, N-O or C=C stretch were
observed at 3850 cm?, 3730cm?, 3430cm?, 1660 cm
1,1520cm?, respectively. For FT-IR spectraof IS,
the transmissivity of the peaks at 3850 cm?, 3730

cm?, 1660 cm?, and 1520cm* achieved the maximum
for 3.0h, and the transmissivity of the peaks at
3430cm? achieved themaximum for 1.0h. For FT-IR
spectra of VS, the transmissivity of the peaks at
3850 cm?, 3730 cm?, 1660 cm?, and 1520cm*
achieved the maximum for 1.0h, and the
transmissivity of the peaks at 3430cm?® achieved
themaximumfor 4.5h.

ACKNOWLEDGMENT

This work was financially supported by
theNational 948 Plan (2014-4-38), and the National
Natural Science Foundation of China(31170532).

REFERENCES

1. Fredrickson JK, Zachara JM, Balkwill DL,
Kennedy D, Li SM, Kostandarithes HM, Daly
MJ, Romine MF, Brockman
FJ.Geomicrobiology of high-level nuclear waste-
contaminated vadose sediments at the Hanford
site, Washington state”. Applied and
Environmental Microbiology, 2004, 70 (7):
4230-41.

2. Rappé MS, Giovannoni SJ.he uncultured
microbial majority. Annual Review of
Micrabiology, 2003, 57: 369-94.

3. Sears CL.A dynamic partnership: celebrating our

J PURE APPL MICROBIO, 9(3), SEFTEMBER 2015.



1890

o~

11.

12.

13.

14.

15.

16.

MA et a.: STUDY OF ANTIBACTERIAL BAMBOO CHARCOAL

gut flora.Anaerobe, 2005, 11 (5): 247-51.
https://en.wikipedia.org/?title=Bacteria
F.C.Yang, K. HuiWu, M.J. Liu, W.P. Lin, M .K.
Hu. Evaluation of the antibacterial efficacy of
bamboo charcoal/silver biological protective
material Materials Chemistry and Physics, 2005,
113: 474-479

M. Ignatova, D. Labaye, S. Lenoir, D. Strivay,
R. Jerome, C. Jerome Immobilization of Silver
in Polypyrrole/Polyanion Composite Coatings:
Preparation, Characterization, and Antibacterial
Activity, Langmuir, 2003, 19: 8971-8979

I. Abe, T. Fukuhara, J. Maruyama, H.
Tatsumoto, S. lwasaki. Preparation of
carbonaceous adsorbents for removal of
chloroform from drinking water. Carbon, 2001,
39: 1069-1073

M. Kawashita, S. Toda, H.M. Kim, T. Kokubo,
Masuda.Preparation of antibacterial silver-
doped silica glass microspheres N J. Biomed.
Mater. Res., 2003, 66: 266

K. Mizuta, T. Matsumoto, Y. Hatate, K.
Nishihara, T. Nakanishi.Removal of nitrate-
nitrogen from drinking water using bamboo
powder charcoal. Bioresource Technology, 1994,
95: 255

J.X. Wang, L.X. Wen, Z.H. Wang, J.F. Chen.
Immobilization of silver on hollow silica
nanospheres and nanotubes and their
antibacterial effects. Materials Chemistry and
Physics, 2006, 96 (1) : 90-97

Xue Q, Peng WX, Ohkoshi M. Molecular
bonding characteristics of Self-plasticized
bamboo composites. Pakistan Journal of
Pharmaceutical Sciences, 2014, 27: 975-982
Cui L, Peng WX, Sun ZJ, Shang LL, Chen
GN. Weibull statistical analysis of tensile
strength of vascular bundleininner layer of moso
bambooculm in molecular parasitology and
vector biology. Pakistan Journal of
Pharmaceutical Sciences, 2014, 27(4): 1083-
1087

Cui Le, Wanxi Peng, Zhengjun Sun, Huangfei
Lu, Guoning Chen. Variability of macroscopic
dimensions of Moso bamboo. Pakistan Journal
of Pharmaceutical Sciences, 2015, 28: 675-679
Peng WX, Xue Q, Ohkoshi M. Immune effects
of extractives on bamboo biomass self-
plasticization. Pakistan Journal of
Pharmaceutical Sciences, 2014, 27: 991-999
Peng WX, Wang LS, Xu Q, Wu QD, Xiang
SL. TD-GC-MS Analysis on Thermal Release
Behavior of Poplar Composite Biomaterial
Under HighTemperature. Journal of
Computational and Theoretical Nanoscience,
2012, 9(9): 1431-1433

J PURE APPL MICROBIO, 9(3), SEPFTEMBER 2015.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Peng WX, Ge SB, Li DL, Mo B, Daochun Q,
Ohkoshi M. Molecular basis of antibacterial
activities in extracts of Eucommia ulmoides
wood. Pakistan Journal of Pharmaceutical
Sciences, 2014, 27(6): 2133-2138

Peng WX, Lin Z, Chang JB, Gu FL, Zhu XW.
Biomedical Molecular Characteristics Of Y bgj
Extractives From Illicium Verumfruit.
Biotechnology & Biotechnological Equipment,
2013, 27(6): 4311-4316

Xiao ZP, Peng ZY, Dong JJ, Deng RC, Wang
XD, Ouyang H,Yang P, He J,Wang YF, Zhu
M, Peng XC, Peng WX, Zhu HL. Synthesis
molecular docking and kinetic propertiesof beta-
hydroxy-beta-phenylpropionyl- hydroxamic
acids as Helicobacter pylori urease inhibitors.
European Journal of Medicinal Chemistry, 2013,
68: 212-221

Peng WX, Wang LS, Lin Z, Minglong, Zhang
ML. Identification and Chemical Bond
Characterization of Wood Extractivesin Three
Speciesof Eucalyptus Biomass. Journal of Pure
and Applied Microbiology, 2013, 7: 67-73
Wang LS, Peng WX, Zhang ML, Lin Z.
Separation Characteristics of Lignin from
Eucalyptus Lignincellulose for Medicinal
Biocellulose Preparation. Journal of Pure and
Applied Microbiology, 2013, 7: 59-66

Peng WX, Wang LS, Zhang ML, Lin Z.
Molecule Characteristics of Eucalyptus
Hemicelluloses for Medical Microbiology.
Journal of Pureand Applied Microbiology, 2013,
7(2): 1345-1349

Peng WX, Wu FJ, Wang LS, Xu Q. Crystal
structure of 3-(4-bromophenyl) -4-(4-
chlorophenylamino)furan-2(5H)-one
C16H11BrCINO2. Zeitschrift Fur
Kristallographie-New Crystal Structures, 2012,
227(1): 61-62

Peng WX, Le C. Crystal structure of 3-(3-
bromophenyl)-4-(3 5-dichloro-
phenylamino)furan-2(5H)-one C16H10Br
CI2NO2. Zeitschrift Fur Kristallographie-New
Crystal Structures, 2012, 227(2): 267-268
Peng WX, Wang LS, Wu FJ, Xu Q. 3-(4-
Bromophenyl)-4-(4-hydroxyanilino) furan-
2(5H)-one. Acta Crystallographica Section E-
Structure Reports Online, 2011, 67: 02329-
U206

Liu QM, Luo YS, Yin SP, Chen SM, Zhang
DQ, Peng WX. Liquid rheology study on
refined rapeseed oil. Journal of Central South
University of Technology, 2008, 15: 525-528
Zhang DQ, Chen SM, Peng WX, Liu QM, Gu
ZJ, Fan SG, Deng SY. Rheology study of
supercritically extracted tea-oil. Journal of



28.

29.

30.

31

MA et a.: STUDY OF ANTIBACTERIAL BAMBOO CHARCOAL

Central South University of Technology, 2008,
15: 506-508

Qi HC, Peng WX, Wu YQ, Wu SB, Xu GJ.
Effects of Alkaline Extraction on Micro/Nano
Particles of Eucalyptus Camaldulensis Biology.
Journal of Computational and Theoretical
Nanoscience, 2012, 9(9): 1525-1528

Lin Z, Ge SB, Li DL, Peng W X. Structure
Characteristics of Acidic Pretreated Fiber and
Self-bind Bio-boardsfor Public Health. Journal
of Pureand Applied Microbiology, 2015, 9: 221-
226

Peng WX, Wang LS, Zhang ML, Lin Z.
Separation characteristics of lignin from
Eucalyptus camaldulensis lignincelluloses for
biomedical cellulose. Pakistan Journal of
Pharmaceutical Sciences, 27: 723-728, MAY
2014

Sun YC, Lin Z, Peng WX, Yuan TQ, Xu F,
Wu YQ, Yang J, Wang YS, Sun RC. Chemica

32.

33.

34.

1891

Changes of Raw Materials and Manufactured
Binderless Boards during Hot Pressing:Lignin
Isolation and Characterization. Bioresour ces,
2014, B(1): 1055-1071

Wanxi Peng, Zhi Lin, Hong Chen, Jianguo Wu.
Biochemical Group Characteristics of Self-
Bonded Boards During Acidic Oxidation for
Public Health. Journal of Pure and Applied
Micrabiology, 2015, 9: 307-311

Wang ZZ, Lv P, Hu Y, Hu KL. Thermal
Degradation Study Of intumescent dame
retardants by TG And FTIR: Melamine
Phosphate And Its Mixture With
pentaerythritol. J. Anal. Appl. Pyrolysis, 20009,
86: 207-214

Parag A P, Bhanu R. The Ft-Ir Spectrometric
Studies Of Vibrational Bands Of Semecarpus
Anacardium Linn.F. Leaf, Stem Powder And
Extracts. Asian Journal of Pharmaceutical and
Clinical Research, 2013, 6: 159-198

J PURE APPL MICROBIO, 9(3), SEFTEMBER 2015.



