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PERYLENEQUINONE DERIVATIVES FROM ALTERNARIA SP., AN
ENDOPHYTIC FUNGUS ISOLATED FROM GYNURA PROCUMBENS
(LOUR.) MERR. LEAVES*

Hnin Yu Win!, Kay Thi Moh Moh Win?, Hartmut Laatsch®

Abstract

The present study was conducted to investigate the bioactive metabolites from endophytic fungus
isolated from Gynura procumbens (Lour.) Merr. leaves, which is locally known as Pyar-mee-ywet.
A total of 17 strains were isolated from the leaf of selected medicinal plant. Among them, selection
of the target fungus for further investigation was done based on chemical screening (spot pattern on
TLC). From the culture broth of the selected fungus, perylenequinone derivatives, stemphyltoxin
Il (1), alterperylenol (2) and stemphyltoxin Il (3), together with common fungal metabolites,
4-hydroxy-benzaldehyde (4), adenosine (5) and uridine (6) were isolated using various
chromatographic methods. The structure elucidation of the isolated compounds was performed
based on NMR and mass data.

Keywords: endophytic fungus, Gynura procumbens, perylenequinone, spectroscopically

Introduction

Endophytes play an important role in host plant. They can stimulate plant growth, increase
disease resistance, improve the ability of plant to withstand environmental stresses and recycle
nutrients (Sturz et al., 2000). Besides these, endophytes are also known as rich sources of important
bioactive metabolites. Fungal endophytes living inside the plants could also produce metabolites
which possess similar or more active compounds than that of their respective hosts (Strobel et al.,
2003). Some of fungal metabolites include anticancer, anti-fungal, anti-diabetic and
immunosuppressant compounds (Gunatilaka, 2006).

The objective of the present research work is to investigate bioactive metabolites from
endophytic fungus. To achieve this aim, one important medicinal plant, Gynura procumbens was
selected for isolation of endophytic fungus and structure elucidation of its fungal metabolites.

G. procumbens is a valuable medicinal plant. In Myanmar, the fresh leaves of this plant
were used to treat diabetes. In Thailand, G. procumbens is used to treat topical inflammation,
rheumatism and viral diseases of the skin. This plant can decrease blood sugar level and also induce
insulin secretion. In Indonesia folk medicine, G. procumbens is used to treat fevers, skin rashes
and as a remedy for ringworm infection.

Materials and Methods
General Experimental Procedures

1H NMR spectra: Varian Unity 300 (300.542 MHz), Bruker AMX 300 (300.542 MHz),
Varian Inova 500 (499.8 MHz). Coupling constants (J) in Hz. Abbreviations: s = singlet,
d=doublet, dd=doublet of doublet, t = triplet, q = quartet, quint = quintet, m = multiplet, br = broad.
—13C NMR spectra: Varian Unity 300 (75.5 MHz), Varian Inova 500 (125.7 MHz). Chemical shifts
were measured relatively to tetramethylsilane as internal standard. - 2D NMR spectra: H, H COSY
spectra  (*H,*H-Correlated Spectroscopy), HMBC spectra (Heteronuclear Multiple Bond
Connectivity), HMQC spectra (Heteronuclear Multiple Quantum Coherence) and NOESY spectra
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(Nuclear Overhauser Effect Spectroscopy). - Mass spectra: EIMS at 70 eV with Varian MAT 731,
Varian 311A, AMD-402, high resolution with perflurokerosene as standard. ESIMS with Quattro
Triple Quadruple mass spectrometer Finigan MAT-Incos 50, ESIMS LCQ (Finnigan).

Materials

Thin layer chromatography (TLC): DC-Folien Polygram SIL G/UV2s4 (Macherey-Nagel &
Co.). - Column chromatography (CC): MN silica gel 60: 0.05-0.2 mm, 70-270 mesh (Macherey-
Nagel & Co). Sephadex LH-20 (Pharmacia) was used for size exclusion chromatography.

Spray reagents

Anisaldehyde/sulphuric acid: 1 mL anisaldehyde was added to 100 mL of a stock solution
containing 85 mL methanol, 14 mL acetic acid and 1 mL sulphuric acid. After spraying, the TLC
cards were heated with hot air until colour development.

Microbiological Materials

Autoclave: Fedegari Autoclavi SPA, working temperature 121 °C, working pressure
1.2 kg/cm?. - Antibiotic assay discs: 9 mm diameter, Schleicher & Schiill No. 321 261. - Culture
media: glucose, yeast extract and malt extract were purchased from Merck, Darmstadt. — Petri
dishes: 94 mm diameter, 16 mm height, Fa. Greiner Labortechnik, Nurtingen. — Celite: Celite
France S. A., Rueil-Malmaison Cedex. - Sterile filters: Midisart 2000, 0.2 um, PTFE-Filter,
Sartorius, Gottingen. - Laminar-Flow-Box: Kojar KR-125, Reinraumtechnik GmbH, Rielasingen-
Worblingen 1.

Work Up Procedure
Sample Collection and Isolation of Endophytic Fungi

The fresh leaves of G.procumbens were collected from Mandalay, Myanmar. To isolate
endophytic fungi from G. procumbens, the fresh leaves were thoroughly washed with tap water
and then the surface was sterilized by submerging them in 75% ethanol for 2 min, 5.3% NaOCI
(v/v) for 1 min and thereafter dipped into 75% ethanol for 30 sec. After drying in sterile condition,
small discs were cut and placed on isolation media (water agar; WA) (18 g/ L) supplemented with
chloramphenicol (100 mg/ L) to suppress bacterial growth and incubated at 25°C until the
outgrowth of endophytes was discerned. Individual fungal colonies were picked and transferred
onto sterile water agar and periodically checked for purity.

A total of 17 fungi were isolated and each fungus was inoculated on M2 medium (malt
extract 10 g/L, yeast extract 4 g/L, glucose 4g/L at pH 7.8) for pre-screening. Alternaria sp. (fungus
1-92) was selected for further investigation due to its interesting zones on TLC both under UV and
after spraying with anisaldehyde/sulphuric acid. The selected fungus was cultivated on M2 medium
(300 g malt extract, 120 g yeast extract and 120 g glucose in 30 L tap water pH 7.8) and transferred
to 100 of 1 L Erlenmeyer flasks (300 mL each). After 14 days, the culture broth was harvested and
extracted with ethyl acetate. The resulting culture extract was chromatographed to isolate the
metabolites.

The culture extract (8.16 g) was chromatographed on silica gel using stepwise gradient of
dichloromethane/methanol. The selected fraction | was subjected to Sephadex LH-20 using
methanol only to obtain altertoxin Il (1) which was isolated as red amorphous. It showed UV
absorbing band at 254 nm and stained to reddish brown color with anisaldehyde/sulphuric acid on
heating. After purification of fraction 1l on Sephadex LH-20 using methanol only, alterperylenol
(2) and stemphyltoxin 111 (3) were isolated as red amporphous. Both of them showed UV absorbing
band at 254 nm and stained to reddish brown color with anisaldehyde/sulphuric acid on heating.
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Fraction 111 was further chromatographed on RP-18 using the gradient of methanol and water to
isolate 4-hydroxy benzaldehyde (4), adenosine (5) and uridine (6). Compound (4) was islated as
colorless solid and showed UV absorbing band at 254 nm. Compound (5) was isolated as colorless
solid and showed UV absorbing band at 254 nm and tuned to blue with anisaldehyde/sulphurc acid
on heating. Compound (6) was isolated as yellow compound and showed UV absorbing band at
254 nm and deep green color after spraying with anisaldehyde/sulphuric acid.

OH 0 OH o
Altertoxin Il or Stemphyltoxin Il (1) Alterperylenol (2)
(0] N

|| N \> HN ‘

/Ej/ KN ‘ N O)\N

O 0.
OH OH OH OH
4-Hydroxy-benzaldehyde (4) Adenosine (5) Uridine (6)

Figure 2 Compounds isolated from Alternaria sp., an endophytic fungus isolated from
G. procumbens leaves

Results and Discussion
Compound (1)

In the *H NMR spectrum, Figure 7(a), two chelating OH signals at § 12.71 and 11.88 ppm
were observed. Two doublets at ¢ 8.16 (J = 8.8 Hz) and 8.07 ppm (J = 8.7 Hz) in the downfield
aromatic region, and another two doublets at ¢ 7.07 (J = 8.8 Hz) and 6.99 ppm (J = 8.7 Hz) in the
upfield aromatic region, with the integration of one proton in each signals were detected. In
addition, there was one OH signal at 6 5.56 ppm.

In the aliphatic region, two doublets at 6 4.37 ppm (1H) and 3.76 ppm (1H) with the same
coupling constant of 3.8 Hz were observed. Furthermore, *H NMR spectrum displayed one singlet
at 6 3.59 ppm (1H), two multiplets at ¢ 3.14 (1H) and 2.74 ppm (1H) and another multiplet at
0 2.50 ppm (2Hs). In the HMQC spectrum, Figure 7(e), the protons at ¢ 3.14 and 2.74 ppm
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connected to the same carbon at 6 32.9 ppm and could be assigned as diastereotopic methylene
protons.

According to *C NMR and HMQC spectra, Figure 7(b) & 7(e), total of 20 carbon signals
were observed. Whereof, those at 6 205.5 and 197.5 ppm could be assigned as carbonyl of ketone.
In addition, 12 aromatic carbon signals (four methine and eight quaternary) were visible. Among
them, the two sp? quaternary carbons at 6 161.6 and 161.2 ppm were probably connected with
oxygen. In the aliphatic region, one oxygenated quaternary carbon at ¢ 67.1 ppm, three methine
signals at 0 56.2, 52.6, 44.1 ppm were observed. Moreover, there were two methylene signals at
032.9 and 31.9 ppm.

In COSY spectrum, Figure 7(c), doublet methine proton at ¢ 8.16 ppm showed ortho
coupling with another doublet methine proton at ¢ 7.07 ppm with the coupling constant of
8.8 Hz. Similarly, one doublet methine proton at ¢ 8.07 ppm showed ortho coupling with another
doublet methine proton at ¢ 6.99 ppm with coupling constant of 8.7 Hz. Therefore, two 1,2,3,4-
tetrasubstituted benzene rings (a and b) could be drawn. In the HMBC spectrum, Figure 7(d),
doublet methine proton at § 8.16 ppm showed correlations to two sp? quaternary carbons at
0 161.2 and 140.5 ppm. Another doublet methine proton at 6 7.07 ppm showed correlations to two
sp? quaternary carbons at ¢ 122.9 and 113.7 ppm. According to the chemical shift, the
sp? quaternary carbon at ¢ 161.2 ppm could be connected to oxygen. In addition, one chelating OH
signal at 6 12.71 ppm showed three HMBC cross peaks to carbons at ¢ 161.2, 118.0 and
113.7 ppm. It confirmed the attachment of OH group on sp? quaternary carbon at 6 161.2 ppm.
According to HMBC data, the fragment (a) could be elucidated.

By analysis of the other HMBC correlations, the doublet methine proton at 6 8.07 ppm
showed coupling with two sp? quaternary carbons at § 161.6 and 136.1 ppm. Another doublet
methine proton at 6 6.99 ppm showed the HMBC correlation to two quaternary carbons at
6 124.5 and 113.9 ppm. The sp? quaternary carbon at 6 161.6 ppm could also be connected to
oxygen. As in previous fragment (a), one chelating OH signal at 6 11.88 ppm showed three HMBC
cross peaks to carbons at 6 161.6, 116.1 and 113.9 ppm. According to HMBC data, the fragment
(b) could be elucidated.

(b)

Figure 3 HMBC correlations (—) in fragments (a & b)

Moreover, the methine proton at ¢ 8.16 ppm from fragment (a) showed HMBC correlation
to one sp? quaternary carbon at 6 124.5 ppm from fragment (b) and similarly the methine proton at
6 8.07 ppm from fragment (a) showed correlation to one sp? quaternary carbon at 6 122.9 ppm
from fragment (a). According to these correlations, the two benzene rings could be connected as
shown in partial structure I.
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L
11.88 (l) 11.88 (“)
Figure 4 Partial structures (I & 1)

Because of downfield chemical shift of two OH groups, these two OH groups at
0 12.71 and 11.88 ppm could be assigned as chelating OH. Therefore, the carbon at 6 113.7 and
113.9 ppm could be connected to carbonyl of ketone at 6 205.5 and 197.5 ppm respectively.
Therefore, the partial structure Il could be assigned.

Moreover, the methane proton at 6 3.59 ppm which is attached to carbon at 6 44.1 ppm
displayed HMBC correlation to sp? quaternary carbons at § 140.5, 136.1, 124.5, 113.9 ppm and
one sp® oxygenated quaternary carbon at 6 67.1 ppm. In addition, the OH signal at § 5.56 ppm
which is attached to sp®oxygented quaternary carbon at J 67.1 ppm correlated to sp? quaternary at
0 140.5 ppm. It could confirm partial structure I11.

12.71

L
11.88 (| | |)
Figure 5 Partial structures (111 & V)

Moreover, in the HMBC spectrum, Figure 7(d), the two diastereotopic methylene protons
at § 2.74 and 3.14 ppm showed correlation to sp? quaternary carbon at ¢ 140.5 ppm and one
carbonyl of ketone at 205.5 ppm. In the COSY spectrum, Figure 7(c), there was a correlation
between two diastereotopic methylene protons at ¢ 3.14 and 2.74 ppm and another methylene
proton at ¢ 2.50 ppm. Thus, the partial structure 1V could be assigned.

(V)
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In addition, two methine protons at ¢ 4.37 and 3.76 ppm showed correlation to sp® methine
carbon at § 44.1 ppm. The former proton at ¢ 4.37 ppm showed correlation again with sp?
quaternary carbon at 6 136.1 ppm. Thus, the partial structure V could be assigned with the partial
molecular formula of C20H140s.

H2.74

V) it Compound (1)
Figure 6 Partial structure V and complete structure of compound (1)

The molecular mass of 350 Daltons was established by both ESI and EI mass spectra Figure
7(f), experiments. The HRESI mass spectrum gave the molecular formula C20H1406 with 14 double
bond equivalents. Due to the high number of double bond equivalents, the isolated compound
should be polycyclic. The remaining oxygen atom could be attached to carbons at
0 56.2 and 52.6 ppm as an epoxide ring. It was further confirmed by coupling constant of 3.8 Hz
between two protons attached at 0 56.2 and 52.6 ppm.

@ " ©)

© — @
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Figure 7 (a) 'H NMR spectrum (DMSO-ds, 300 MHz), (b) **C NMR spectrum (DMSO-d,
150 MHz) (c) COSY spectrum (DMSO-ds, 600 MHz) (d) HMBC spectrum (DMSO-ds,
600 MHz) (e) HMQC spectrum of (DMSO-ds, 600 MHz) (f) (-) HRESI mass spectrum
of compound (1)

The relative configuration of compound 1 was determined by analysis of splitting pattern
and coupling constant as well as by comparison with literature data. H-11 and H-12 protons showed
the coupling constant of 3.8 Hz, which is matched with the cis coupling constant (~4 Hz) of the
two vicinal protons of the epoxide ring. So, H-11 and H-12 protons must be in the cis position.
Moreover, H-12a proton showed singlet and did not show doublet as expected. Therefore, the
dihedral angle between H-12 and H-12a must be approximately 90° with the coupling constant of
zero. H-12a and OH-12b are generally trans-axial arranged for combining two cyclohexanone
rings. All of the reported naturally occurring perylene derivatives have this stereochemistry for
H-12a and OH-12b. Thus, the structure of compound 1 could be assigned as altertoxin Il or
stemphyltoxin II.

Compound (2)

Compound 2 was isolated as red amorphous powder. The molecular formula was
determined as CxH140¢ on the basis of negative high resolution ESI mass spectrum at
m/z 349.0719 ([M-H]") with 14 degree of unsaturation. The *C NMR spectrum, Figure 8(b),
revealed the presence of 20 carbon signals which include two carbonyl of ketone, 14 sp? carbons
(6 methine and 8 quaternary), four sp® carbons (one CH. group, two CH and one Cg). Detailed
comparison of *H NMR and 3C NMR spectral data of compound 2 with those of compound 1,
indicated that the structures of these two compounds are very similar, except for the two doublet
methine protons of «, B-unsaturated carbonyl group at 6 6.31 (dc 125.9, J = 10.46 Hz) and 7.87
(0c 153.3,J =10.46 Hz) in the aromatic region which were not observed in compound 1. Moreover,
in the aliphatic region of *H NMR spectrum of compound 2, the epoxide ring in compound 1 was
replaced by methylene protons (6 2.84 and 3.01) and one oxygenated methine proton (J 4.75).
Further analysis of 2D NMR data revealed that compound 2 was alterperylenol. H-12 and H-12a
must be trans-axial arrangement according to coupling constant of H-12 (J = 9.65 Hz).
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~, ° Alterperylenol (2)
{ | ) I
LAl
(@) — o =5
A l J
A’; i o
| e
| .
© (d)
2
," v—l—<
, |
-t | B
© ()

Figure 8 (a) *H NMR spectrum (CDsOD, 300 MHz), (b) **C NMR spectrum (CD3OD, 150 MHz)
(c) HSQC spectrum (CD30D, 600 MHz) (d) HMBC spectrum (CD30OD, 600 MHz),
(e) NOSY spectrum (CD30D, 600 MHz) (f) (-) HR ESI mass spectrum of compound (2)



J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A 9

Compound (3)

Another isolated compound is stemphyltoxin 111 and it was isolated as red amorphous. The
sp? region of *H NMR spectrum of compound 3 is very similar to those of compound 2. In the sp?
region, two chelating OH, two sets of ortho-coupled protons and a,3-unsaturated carbonyl group
were detected. In the aliphatic region, two doublet methine protons (H-11 and H-12) of epoxide
ring at ¢ 3.78 and 4.60 ppm and one singlet methine proton (H-12a) at 3.80 ppm were observed.
Those signals are very similar to the pattern of ring e in compound 1. According to El and ESI
mass spectra, the molecular mass was deduced as 348 and compound 3 could be assigned as
stemphyltoxin Il1.

The isolated perylenequinone derivatives are only soluble in DMSO and rather unstable,
being quickly transformed into black insoluble products. They showed antibacterial activity in vitro
against Bacillus subtilis, Bacillus cereus, and Escherichia coli (Arnone et al., 1986). The presence
of epoxy groups in compounds (1, 3) may well support the hypothesis that they are also phytotoxic;
a respective test could not be performed, as the test organism was not available.

Some metabolites of fungi and plants containing perylenequinones have been used as folk
medicine for the treatment of many diseases. Perylenequinones are a type of photosensitizers
pigments widespread in nature, which have been isolated from fungi, as well as other organisms
(Stack et al., 1986, Davis et al., 1998, Xu et al., 2001 and Daub et al., 2005). Due to their excellent
photo-sensibilizing properties, they are expected to be developed as new phototherapeutic
medicines.

-t N\ - et et - T—
hats G e NPT § T AN

Figure 9 'H NMR spectrum (DMSO-dgs, 600 MHz) and ESI mass spectrum of compound (3)

Compound (4)

In the aromatic region of the *H NMR spectrum, Figure 10, two doublets at § 7.68 and 6.85
with the integration of two protons in each signal indicated the presence of 1,4-disubstituted
benzene ring. Moreover, the sharp singlet signal at 6 9.75 was observed for aldehydic proton. A
search in Antibase as well as comparison with authentic spectrum led to p-hydroxy benzaldehyde.
It was isolated frequently from aquatic organisms, e.g. by Fenical and McConnel (Fenical et al.,
1976) from the red seaweed Dasya pedicellata var. stanfordiana and has some antimicrobial
activity against Vibrio anguillarium, Candida albicans and Staphylococcus aureus.
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0 H9.75
7.68H H7.68
6.85H E H6.85 '
OH

Figure 10 *H NMR spectrum of p-hydroxybenzaldehyde
Compound (5)

The *H NMR spectrum, Figure 11, showed two singlets at 6 8.38 and 8.18 for a heterocyclic
aromatic ring, one anomeric proton at ¢ 5.90 (d) and three hydroxyl methine protons between
0 4.80 and 3.80, a diastereotopic methylene doublet of doublet at 6 3.50 and 3.70. The molecular
mass 267 was deduced on the basis of negative ESI mass spectrum. According to spectroscopic
data, the isolated compound could be assigned as adenosine (5). The structure was further
confirmed by comparison with authentic spectra as well as literature data.

A ll ,;.n'. l‘.

Figure 11 *H NMR spectrum and ESI mass spectrum of adenosine (5)

Compound (6)

The *H NMR spectrum of uridine exhibited two doublet peaks at 6 5.68 and 8.01 with the
same coupling constant of 8.1 Hz. It indicated the presence of an a, f-unsaturated carbonyl group.
The spectrum showed three oxymethine protons, two at ¢ 4.15 and third one at 6 4.01. Furthermore,
one oxymethylene group was exhibited at ¢ 3.82 and indicated the presence of sugar moiety which
was also confirmed by 1H doublet at 6 5.90 for the anomeric proton of the sugar.

The ESI mass spectrum showed a pseudomolecular ion peak at m/z 243 [M-H]". A search
in Antibase (Laatsch, 2012) as well as comparison with the authentic spectrum afforded uridine,
which is widely distributed in nature in free state or in nucleic acid and can be produced by
hydrolysis (Dictionary of Natural Products on CD-ROM, Chapman & Hall Chemical Database,
2010).
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Figure 12 *H NMR and ESI MS spectra of uridine (6)

Altertoxin Il or Stemphyltoxin 11 (1): red amorphous, strong UV absorbing band at 254 nm, deep
green with anisaldehyde/sulphuric acid. — *H NMR (DMSO-dg, 300 MHz) §12.71 (s, 1H, OH-4),
11.88 (s, 1H, OH-9), 8.16 (d, 3J = 8.8 Hz, 1H, H-6), 8.07 (d, 3J = 8.7 Hz, 1H, H-7), 7.07 (d, °J
= 8.8 Hz, 1H, H-5), 6.99 (d, J = 8.7 Hz, 1H, H-8), 5.56 (s, 1H, OH-12b), 4.37 (d, 3J = 3.76 Hz,
1H, H-12), 3.76 (d, 3J = 3.76, 1H, H-11), 3.59 (s, 1H, H-12a), 3.14 (m, 1H, H-1), 2.74 (m, 1H,
H-1), 2.50 (m, 2H, H-2). -3C NMR (DMSO-ds, 125 MHz) §205.5 (Cg-3), 197.5 (Cq-10), 161.6
(Cq-9), 161.2 (Cq-4), 140.5 (Cq-3b), 136.1 (Cg-9b), 133.1 (CH-7), 132.9 (CH-6), 124.5 (Cq-6b),
122.9 (C4-6a), 118.0 (CH-5), 116.1 (CH-8), 113.9 (C4-9a), 113.7 (Cq-3a), 67.1 (C4-12b), 56.2 (CH-
12), 52.6 (CH-11), 44.1 (CH-12a), 32.9 (CH2-1), 31.9 (CH-2). - (-) ESIMS m/z 349 ([M-H]).
— EIMS (70ev) m/z 350 ([M], 100), 332 (20), 321 (35), 305 (65), 263 (25). — (-) HRESIMS m/z
349.0709 [M-H] (calcd 349.0710 for C20H1306).

Alterperylenol (2): red amorphous, strong UV absorbing band at 254 nm, deep green with
anisaldehyde/sulphuric acid. — 'H NMR (DMSO-ds, 300 MHz) 67.98 (d, 3J = 8.7 Hz, 1H, H-7),
7.92 (d, 3J = 8.8 Hz, 1H, H-6), 7.87 (d, 3J = 10.5 Hz, 1H, H-1), 7.25 (d, 3J = 8.8 Hz, 1H, H-5),
6.94 (d, 3J = 8.7 Hz, 1H, H-8), 6.31 (d, 3J = 10.5 Hz, 1H, H-2), 457 (m, 1H, H-12), 3.13 (d,
) =9.7 Hz, 1H, H-12a), 3.00 (dd, 3J = 4.8, 15.9 Hz, 1H, H-11), 2.84 (dd, 3J = 12.3, 15.9 Hz, 1H,
H-11). -3C NMR (DMSO-ds, 125 MHz) & 204.6 (C4-10), 191.9 (Cq-3), 162.9 (C4-9), 162.2
(Cq-4), 153.3 (CH-1), 141.2 (C4-3b), 138.2 (C4-9b), 133.0 (CH-7), 132.7 (CH-6), 127.0 (Cq-6b),
126.2 (Cq-6a), 125.9 (CH-2), 118.8 (CH-5), 117.9 (Cq-9a), 117.2 (CH-8), 113.9 (Cq-3a), 67.5
(Cq-12b), 66.3 (CH-12), 52.6 (CH-12a), 47.9 (CH.-11). — (-) HRESIMS m/z 395.0771 [M-H]
(calcd 349.0719 for C2oH1406).

p-Hydroxy benzaldehyde (4): colourless compound, Rt = 0.44 (CHCI3/10%MeOH), UV absorbing
band at 254 nm, — *H NMR (CD3OD, 300 MHz) ¢ 9.75 (s), 7.68 (d, 3J = 10.5 Hz, 2H, H-2,6),
6.85 (d, 3J = 10.5 Hz, 2H, H-3,5).

Uridine (6): yellow compound, 7.9 mg, Rf = 0.11 (CHCI3/10% MeOH), UV absorbing band at
254 nm, deep green after spraying with anisaldehyde/sulphuric acid. — *H NMR (CDsOD,
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300 MHz) 6 8.01 (d, 3] = 8.1 Hz, 1H, H-6), 5.90 (d, %J = 6.1 Hz, 1H, H-1'), 5.68 (d, 3J = 8.1 Hz,
1H, H-5), 4.15 (m, 2H, H-2'4"), 401 (d, 3J = Hz, 1H, H-3'), 3.82 (m, 2H, CH2-5).
— (-)-ESIMS m/z 243 ([M - HJ’, 100).

Conclusion

In this study, three perylenequinone derivatives and some common fungal metabolites were
isolated and characterized. Perylenequinone derivatives are only soluble in DMSO and rather
unstable, being quickly transformed into black insoluble products. They showed antibacterial
activity against Bacillus subtilis, Bacillus cereus and Escherichia coli. Perylenequinone derivatives
are photosensitizers with excellent photosensitizing properties. So, they are expected as new
phototherapeutic medicines.
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INVESTIGATION OF CHEMICAL CONSTITUENTS AND
SOME PHARMACOLOGICAL PROPERTIES OF
MELICOPE PTELEFOLIA (THIT- KHA) LEAF

Hnin Hnin Wai?, Thiri Nandar Win2, Phyu Phyu Myint3

Abstract

Chemical constituents of Melicope ptelefolia (Thit-Kha) leaf and some pharmacological properties
were investigated. The preliminary phytochemical test was determined by test tube method. Dried
leaf sample was found to consist of 6.39 % of moisture, 7.64 % of ash, 21.94 % of protein, 14.92 %
of dietary fiber, 3.93 % of crude fat, 45.18 % of carbohydrate, and 303 kcal/100g of energy value,
respectively. According to the EDXRF spectrum, the samples had relatively high Si, K and Ca.
Total phenol and total flavonoid contents of M. ptelefolia (Thit-Kha) leaf by using Folin- Ciocalteu
reagent (FCR) method and by using spectroscopic method. According to the observed data, total
phenol content was very high in watery extract (273.78 pg GAE/mg) followed by ethanol extract
(119.87 ng GAE/mg) and methanol extract (103.84 pg GAE/mg). In addition, the total flavonoid
was also very high in watery extract (79.24 pg QE/mg) followed by ethanol extract (78.81 ug
QE/mg) and methanol extract (60.09 pg QE/mg). The antioxidant activity of watery extract
(ICso = 15.44 pg/mL was found to be higher than those of ethanol extract (ICso = 59.62 pg/mL) and
methanol extract (ICsp = 45.79 pg/mL) determined by DPPH radical scavenging assay.
Antimicrobial activity was also determined by agar well diffusion method. Ethyl acetate and
methanol extracts exhibited the highest antimicrobial activities. The cytotoxicity of methanol extract
was studied by MTT assay method. From the results, the concentration of methanol extract
increased, the cell viability also decreased.

Keywords: Melicope ptelefolis, chemical constituents, total phenol, total flavonoid, antioxidant
activity, antimicrobial activity, cytotoxicity

Introduction

Medicinal plants are important source of valuable therapeutic agents, both in modern and
in traditional medicine. Many plants, particular medicinal plants, have been extensively studied for
their antioxidant activity in recent years. The study of traditional medicinal plants and their
therapeutic properties play a very important role in the health care system of the country.
Indigenous medicine is widely practiced in Myanmar due to its long and deep rooted tradition and
also due to the trust placed by the people in its therapeutic qualities. There are many traditional
plants are being used in the traditional systems of medicine in many parts of the world, especially
in rural communities, for the control, management and or treatment of a variety of human and
animal ailments (Kumar and Pandey, 2013). Free radicals and other reactive oxygen species are
being constantly produced in the human body and they are known to be responsible for various
deadly diseases such as cancer, aging, atherosclerosis, immunodeficiency, and infections. On the
other hand, synthetic drugs bring about various side effects such as gastrointestinal disturbances,
hypoglycemia and liver disfunction (Rang et al., 2003). Free radical scavenger or antioxidant may
play a major role in the prevention of a number of diseases, some forms of cancer, and may age
related disorders. Among other medicinal plants, Melicope ptelefolia leaf was selected for this
study since they are widely grown in Kayah State.

M. ptelefolia belonging to family Rutaceae is Thit-Kha in local name and this is the first
research from the leaf of M. ptelefolia in Kayah State, Myanmar. Therefore, it was chosen to
investigate its phytochemical constituents, nutritional values, mineral values, total phenol and total
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flavonoid contents, and some bioactivities including antioxidant and antimicrobial activities, and
cytotoxicity.

Materials and Methods
Sample Collection and Characterization

M. ptelefolia leaf sample (Figure 1) was collected in December, 2018 from West Padaung,
Demawso Township, Kayah State. The taxonomists of the Department of Botany, Loikaw
University botanically identified and authenticated the plant.

Figure 1 Photograph of the leaf of Melicope ptelefolia (Thit-Kha)

Determination of Phytochemical Constituents and Nutritional values of M. ptelefolia Leaf

Ethanol, petroleum ether, ninhydrin, sulphuric acid, a-napthol, Mg turning, lead acetate,
ferric chloride, acetic anhydride, gelatin solution, acetic acid, sodium picrate, Benedict's solution,
mercuric chloride, iodine, picric acid, acetone and sodium carbonate were used to measure
phytochemical tests. The leaf extracts of M. ptelefolia were determined for the presence of
phytochemicals such as alkaloids, carbohydrates, saponins, proteins, phenolic compounds,
flavonoids and glucosides according to the common phytochemical methods described by
Harbone, 1998 and Sofowora, 1994. The mineral value was also determined by using Energy
Dispersive X-ray Fluorescence (EDXRF) Spectrometer. The nutritional values such as moisture,
protein, fat, fiber, and carbohydrate of M. ptelefolia were determined at the SME Development
Department, Yangon, Ministry of Industry.

Preparation of Different Extracts

The air-dried powdered sample (20 g) was macerated with 100 mL of water in closed flask
for twenty-four hours, during which they were frequently shaken six hours interval and allowed to
stand for 18 h. Afterwards, they were filtered rapidly against loss of water and then 25 mL of
filtrates were evaporated to dryness in a tarred flat-bottomed shallow dish. They were dried at
105 °C and weighed.

PE, MeOH, EtOAc, and EtOH extracts of leaf of M. ptelefolia powder sample was
determined by the method given in “The British Pharmacopoeia” as described in “the preparation
of water extract” by using 100 mL of respective solvents instead of water.

Determination of Total Phenol and Total Flavonoid Content

Total phenol content (TPC) in each extract was determined using the FC method described
by McDonald et al. (2001). The calibration curve was established using gallic acid and the TPC
value was expressed as mg gallic acid equivalents per gram of dried extract. The diluted extract or
gallic acid (1.6 mL) was added to 0.2 mL FC reagent and mixed thoroughly for 3 minutes. Sodium
carbonate 0.2 mL was added to the mixture and the mixture was allowed to stand for 30 minutes
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at room temperature. The absorbance of the mixture was measured at 760 nm using UV-Visible
spectrophotometer.

The total flavonoid content (TFC) of each extract was investigated using the aluminium
chloride colorimetry method described by Chang et al. (2002). The calibration curve was prepared
by diluting quercetin (2.0 mL) was mixed with 0.1 mL of aluminium chloride solution and 0.1 mL
of potassium acetate solution. The mixture was kept at room temperature for 30 min. Then the
maximum absorbance of the mixture was measured at 420 nm using UV-Visible
spectrophotometer. Total flavonoid content (TFC) was expressed as mg quercetin equivalent per
gram of dried extract.

Determination of Some Bioactivities of M. ptelefolia Leaf Extracts

The radical scavenging activity of the ethanol, methanol and watery extracts was
investigated by using DPPH assay according to the spectrophotometric method. Test tubes, electric
balance, magnetic stirrer, oven, water bath, glass rod, glass tube, cell (5 mL), vortex mixer, UV-
Visible spectrophotometer ( UV-7504), micropipette (3 mL and 5 mL) were used for the
determination of antioxidant activity In this experiment, six different concentrations (10, 20, 40,
60, 80 and 100 pg/mL) of each crude extract in ethanol solvent were used. Determination of
absorbance was carried out at wavelength 517 nm using UV visible spectrophotometer. Each
experiment was done triplicate (Leea, 2002).

Screening of antimicrobial activity of crude extracts namely PE, MeOH, EtOAc, EtOH,
MeOH and H,O extracts from M. ptelefolia leaves sample was done by agar well diffusion method.
In this investigation, the extracts were tested against six microorganisms: Bacillus subtilis,
Staphylococcus aureus, Preudomonas aeruginosa, Bacillus pumilus, Candida albicans and E. coli
species. The measurable zone diameter, including the filter paper showed the degree of
antimicrobial activity (Cruickshan et al., 1960).

The cytotoxicity of methanol extract of M. ptelefolia (Thit-Kha) leaf was studied by MTT
assay method. HepG2 hepatocellular carcinoma cell line, culture media (RPMI-1640) contains
20 mM HEPES, MTT powder, Dimethyl sulfoxide were used for the determination of cytotoxicity
of crude extract. MTT powder (500 mg) was dissolved in 10 mL phosphate buffer solution. The
solution was stirred by a magnetic stirrer for about 1 h in the dark. The sterilized solution was
filtered by 0.22 mm filter (Millipore, Ireland) and it is stored in10-mL aliquots (50 mg/mL) at
-20 °C (van Meerloo et al., 2011). The working solution (5 mg/mL) will be prepared on the day of
experiment by dilution.

Results and Discussion
Phytochemical Constituents, Nutritional Values and Mineral Values of M. ptelefolia Leaf

Preliminary phytochemical investigation was carried out to know the types of phyto-
organic constituents present in the leaf of M. ptelefolia. According to these results, M. ptelefolia
leaf sample showed the presence of alkaloids, glycosides, a-amino acids, carbohydrates,
flavonoids, phenolic compounds, saponins, steroids, and terpenoids, however, reducing sugar,
starch and tannins are absent.

For quality control assessment of medicinal plant materials, some nutritional value such as
moisture, fat, ash, fiber, protein, carbohydrates and energy value of M. ptelefolia leaf was
determined. The results for these contents are summarized in Table 1. The moisture and ash content
of leaf were found to be 6.39 % and 7.64 %, respectively. The protein content of leaf was found to
be 21.94 %. Fiber, fat and carbohydrate contents were respectively found to be 14.92 %, 3.93 %
and 45.18 %, with energy value of 303.85 kcal/ 100 g of leaf extract.
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Relative abundance of elements present in different varieties of M. ptelefolia leaf sample
was determined by EDXRF spectrometer and the result of this sample is shown in Table 2. The
relative abundant of the silicon was found 1.469 % in M. ptelefolia leaf.

Table 1 Some Nutritional Value of Table 2 Relative Abundance of Element
M. ptelefolia Leaf in M. ptelefolia Leaf (EDXRF)
No. Parameters Contents No Element Results (%)
1 Moisture (%) 6.39 L ki 1,469
2. Carbohydrates (%)  45.18 g o 8;‘9‘2
3. Fat (%) 3.93 4. S 0.236
_ 5. Mn 0.021
4. Protein (%) 21.94 6. Fe 0.008
7. P 0.003
9. Z 0.001
6. Crude fiber (%) 14.92 o B 0,001
11. Rb 0.000
7. Energy value 303 12 CH 97115
(kcal/100g) ' '

Total Phenol and Total Flavonoid Contents of M. ptelefolia Leaf

From the results given in Table 3, total phenol content (TPC) was expressed as microgram
of gallic acid equivalent (GAE) per milligram of crude extract (ug GAE/ mg). The total phenol
content of watery extract (273.78 = 0.02 ug GAE/ mg) was found to be higher than ethanol extract
(119.87 £ 0.01 pg GAE/ mg) and methanol extract (103.84 = 0.01 ug GAE/ mg). Several studies
have described the antioxidant properties of medicinal plants which are rich in phenolic
compounds. They possessed biological properties such as antiaging, antcarcinogen and
antiflammation, radical scavenging activity and a-amylase inhibition activity (Zaino et al., 2003
and Chen et al., 2007).

Table 3 Total Phenol Content (ng GAE/mg) of M. ptelefolia Leaf Extracts

Extracts Total phenol content (ng GAE/mg)
Watery 273.78 £ 0.02
Ethanol 119.87 £ 0.01
Methanol 103.84+ 0.01

Total Flavonoid Content

Total flavonoid contents (TFC) was expressed as microgram of quercetin equivalents (QE)
per milligram of crude extract (ug QE/ mg).The total flavonoids content of watery extract (79.24
+ 0.02 ug QE/ mg) was found to be higher than ethanol (78.81 + 0.03 pg QE/ mg) and methanol
extract (60.09 £ 0.02 ug QE/ mg) Table 4. The level of flavonoids in plants is vital for the resistance
of external threats. Flavonoids rely on different phytochemicals which gives flavonoids the ability
to defend the cells from oxidants.
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Table 4 Total Flavonoid Content (ng QE/mg) of M. ptelefolia Leaf Extracts

Extracts Total flavonoid content (ng QE/mg)
" Watery | 79.24 + 0.02 |
Ethanol 78.81 +0.03
Methanol 60.09 £ 0.02

Some Bioactivities of M. ptelefolia Leaf Extracts
Antioxidant Activity

The percent oxidative inhibition values of watery, methanol and ethanol extracts measured
at different concentrations and the results are summarized in Table 5. From these experimental
results, it was found that as the concentrations increased, the radical scavenging activity of crude
extracts usually expressed in term of % inhibition increased. From the average values of %
inhibition, ICso (50 % inhibition concentration) values in pg/mL were calculated by linear
regressive excel program.

The antioxidant activity, 1Cso values of watery, ethanol and methanol extracts were
15.44 ng/mlL, 59.62 pg/mL and 45.79 pg/mL, respectively. Therefore, the watery extract possesses
higher antioxidant potency than ethanol and methanol extract. The results showed that watery
exhibited the optimal solvent to extract the bioactive components from M. ptelefolia. This extract
contained the highest level of phenolic and flavonoids. Those compounds possess powerful
antioxidant activity and consequently protect the human body against oxidative damage through
scavenging diverse reactive oxygen species, including hydroxyl radicals, peroxide radicals,
peroxynitrite and superoxide anions (Chao, 2014).

Table5 Percent Oxidative Inhibition and 1Cso Values of Watery, MeOH and EtOH
Extracts from M. ptelefolia Leaf

% Inhibition (mean £SD) 1Cs0

Extracts in different concentrations (ug/mL) (ng/mL)
10 20 40 60 80 100

Watery 37.85 60.15 70.73  T71.72 71.65 81.84 15.44
+0.93  +0.70 +1.86 +1.05 +0.58  +0.83

Ethanol 0.63 5.18 21.37  50.57 61.69 84.32 59.62
+8.10 +1.31 +2.53  £1.53 +1.36 +5.95

Methanol 6.05 24.59 4347 6597 63.58 61.02 45.79

+3.09 +0.49 +0.62 +0.76 +0.99 +0.38

Antimicrobial Activity

From the results given in Table 6, it was observed that EtOAC extract of M. ptelefolia
leaves exhibit inhibition zone diameters between (12-20 mm) against P. aeruginosa, B. pumilus,
E. coli, and C. albicans of Gram positive and Gram negative microorganisms tested and PE extract
did not show any antimicrobial activity. MeOH extract showed inhibition zone diameters between
(12-18 mm) against S. aureus, B. pumilus, E. coli, and C. albicans. EtOH extract show the activity
against S. aureus, B. pumilus, E. coli and CHCI3 extract show the activity against S. aureus, B.
pumilus, and P. aeruginosa. EtOAc extract showed inhibition zone diameters between (12-16 mm)
against P. aeruginosa, B. pumilus, E. coli, and C. albicans. Among the extracts, MeOH extract
possesses the highest antimicrobial activity.
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Table 6 Microbial Inhibition Zone Diameters of Crude Extracts from M. ptelefolia Leaf by
Agar Well Diffusion Method (Disc diameter = 10 mm)

Diameter of Inhibition Zone (mm)

No. Microorganism Type
PE CHCIlz EtOAc EtOH H:O MeOH

1. B.subtilis Gram(+) - - - - - -
2. S.aureus Gram(+) - 15 - 16 15 12
3. P.aeruginosa Gram(-) - 11 12 - - -
4. B.pumilus Gram(+) - 11 16 14 - 14
5. E.coli Gram(+) - - 16 14 - 15
6. C. albicans Fungi - - 15 - - 18

Cytotoxicity

An MTT assay is a colorimetric assay based on assessing the cell metabolic activity. The
sample was evaluated for cytotoxicity on human hepatoma carcinoma cell lines (HepG2), the
results are shown in Table 7. In the present study, M. ptelefolia was found to show a potent
inhibitory effect on HepG2 cell survival. Firstly, the toxicity of M. ptelefolia was examined on
liver cancer HepG2 cells. The calculated IC,, (47.22 + 0.27 pg/mL) implied the promising

inhibitory effect against these cancer cells.

Table 7 Cytotoxicity of Different Concentration of Methanol Extract of M. ptelefolia Leaf
against HepG2 Cell Line

Cell viability (mean + SD) IC 50
Extracts in different concentration (ug/mlL) (ng/mL)

3.125  6.25 12.5 25 50 100 200

MeOH 0.98 0.73 0.67 0.66 0.48 0.42 0.17 47.22
+0.25 +0.11 +0.05 +£0.33 +0.22 +0.26 =+0.03 +0.27

Conclusion

From the overall assessment concerning with the chemical constituents and some biological
activity investigation on M. ptelefolia (Thit-Kha) leaf, the following inferences could be deduced.
M. ptelefolia leaf is a good remedy for some disease due to the presence of important
phytoconstituents such as phenolic compounds, flavonoids, alkaloids and steroids, etc. Moreover,
Si, K and Ca were found as a major constituent in leaf samples. Higher content of carbohydrate,
protein and fiber as good source of nutrients was observed in leaf sample. According to data, the
amounts of total phenol and total flavonoid were very high in watery extract, than methanol and
ethanol extracts. The knowledge of the phenolic compound profile, occurring in M. ptelefolia holds
great significance from the pharmaceutical point of view. The level of flavonoids in plants is vital
for the resistance of external threats and the ability to defend the cells from oxidants. The radical
scavenging activity of watery extract was found to be more effective than ethanol and methanol
extracts. Moreover, these are natural antioxidants, so we should use M. ptelefolia leaf instead of
synthetic antioxidants that have shown potential health risks and toxicity. EtOAC and MeOH
extracts exhibited the highest antimicrobial activities. Therefore, these extracts except PE may
have mild broad spectrum activity and would be helpful in testing diseases caused by infection of
these microorganisms. From the results of cytotoxic activity of methanol extract, the concentration
of methanol extract increased, the cell viability also decreased. Therefore, methanol extract of
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M. ptelefolia leaf can protect liver cancer cell. According to these experimental results,
M. ptelefolia leaf possess the some medicinal properties and may be used as potential sources for
the treatment of diseases related to oxidative stress, cytotoxic and microbial infections.
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BIOCHEMICAL STUDIES AND HEPATOPROTECTIVE
POTENTIALITY OF SMALLANTHUS SONCHIFOLIUS
(POEPP. AND ENDL.) H. ROBINSON (YACON) LEAVES
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Abstract

The present work focused on the studies of chemical constituents from the leaves of Smallanthus
sonchifolius (Poepp. and Endl.) H.Robinson (Yacon) and some biological activities. Yacon is one
of the edible plants and it is collected from Ywar Ngan Township, Southern Shan State.
Phytochemical investigation of Yacon leaves was performed and it was found that alkaloids,
o-amino acids, carbohydrates, flavonoids, glycosides, phenolic compounds, reducing sugars,
saponins, steroids, tannins, terpenoids, and organic acids were present, however, cyanogenic
glycosides and starch were absent. Nutritional values were observed to compose by moisture
(14.35 %), fiber (11.67 %), protein (11.43 %), ash (9.09 %), fat (5.31 %), carbohydrate (40.7 %)
and energy value is 313.55 kcal/100 g of Yacon leaves were found to be determined by using the
respective methods. In addition, the elements such as K (0.908 %), Ca (0. 801 %), S (0.120 %),
Fe (0.028 %), Ba (0.008 %), Mn (0.006 %), P (0.002 %), Cu (0.002 %), Zn (0.001 %) were examined
by ED XRF method. The antioxidant activities of watery and ethanol extracts of the leaves sample
were determined by DPPH assay method. The ICso value of watery and ethanol extracts were found
to be 786.56 and 466.92 ug/mL, respectively. The ethanol extract is more effective than the watery
extract. However, the two extracts show the mild activity when compared to the standard antioxidant
ascorbic acid (ICsp = 4.57 pg/mL). In vitro screening of antimicrobial activity was examined by
nutrient agar well diffusion method on eight different microorganisms (Bacillus subtilis,
Staphylococcus aureus, Pseudomonas aerugino, Bacillus pumilus, Candida albicans, Escherichia
coli, Aspergillus flavus and Aspergillus niger). Ethyl acetate and 95 % ethanol extracts of Yacon
leaves showed antimicrobial activity on eight strains of microorganisms (inhibition zone diameter
12 mm to 30 mm). Watery extract against other strains expect A. flavus (inhibition zone diameter
13 mm to 20 mm). In addition, petroleum ether and methanol extracts against other strains except
P. aeruginosa (inhibition zone diameter 11 mm to 30 mm). The cytotoxicity of methanol extract
from Yacon leaf against hepatoma liver cancer cell HepG2 was evaluated by MTT assay. The ICsp
value of methanol extract was found to be 53.68 pg/mL for 24 h treated time. The results of this
study scientifically validate the traditional use of Yacon leaves for the treatment of liver diseases.

Keywords: Smallanthus sonchifolius, phytochemical, nutritional values, antioxidant activity,
antimicrobial activity, cytotoxicity, MTT assay

Introduction

Plant is an important source of medicine and plays a key role in world health. Medicinal
plants may be defined as those plants that are commonly used in treating and preventing specific
ailments and diseases and that are generally considered to be harmful to humans (Schulz et.al.,
2001). Medicinal plants have provided mankind a large variety of potent drugs to alleviate or
eradicate infections and suffering from diseases in spite of advancement in synthetic drugs, some
of the plant-derived drugs still retained their importance and relevance. The use of plant-based
drugs all over world is increasing. Modern medicines and herbal medicines are complimentarily
being used in areas for health care program in several developing countries such as countries in
Africa, Asia and some part of Europe. Due to different outcomes on herbal plants, plants products
surfaces all over the world due to the belief that many herbal medicines are known to be free from
health and environmental effects (Angell and Kassirer, 1998). The world health organization
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estimates that the plant extracts or their active constituents are used as folk medicine in traditional
therapies of 80 % of the world’s population (Baker et.al., 2005).

Smallanthus sonchifolius (Poepp. and Endl.) H. Robinson. (Yacon) is a tuber plant that is
native to the Andean region. Yacon has been consumed commonly by diabeties and persons
suffering from digestive disorders. Yacon also possesses the properties to treat kidney complaints
and skin-rejuvenating activity. Fructooligosaccharides are the products recognized and used as
food ingredients and prebiotics (Pedreschi et al., 2002). Dried yacon leaves were used to prepare
a medicinal infusion or mixed with common tea leaves in Japan (Aybar et al., 2001). In the present
work, S. sonchifolius (Yacon) leaves were selected to investigate phytochemical constituents and
some biological activities.

Materials and Methods
Collection and Preparation of Sample

The leaves sample of S. sonchifolius (Yacon) was collected from Ywar Ngan Township,
Southern Shan State. After collection, the botanical name of the sample was identified and
confirmed as S. sonchifolius (Yacon) leaves at Botany Department, Dagon University. The
collected fresh sample was cleaned by washing thoroughly with water and air dried. After drying,
the leaf sample was cut into small pieces and ground using grinding machine. And then this
powdered sample was kept in the sealed air-tight container to prevent moisture changes and other
contamination. It was then used without further purification or refining.

Phytochemical investigation
The dried powdered samples were used to chemical tests for the determination if the

presence or absence of the major types of phytochemical constituents such as alkaloids, gamino
acids, carbohydrates, flavonoids, glycosides, phenolic compounds, reducing sugars, starch,
saponins, steroids, tannins, terpenoids, organic acids, cyanogenic glycosides using standard
procedure (Finar, 1968; M-Tin Wa, 1972; Marini et al., 1981; Robinson, 1983; Shriner et al.,
1980).

Determination of Nutritional Values

Some nutritional values such as moisture, ash, protein, fiber, fat and energy values were
quantitatively determined according to AOAC methods (AOAC, 2000) and total carbohydrate
contents were also quantitatively determined by phenol-sulphuric acid method (Neeru et al., 2015).

Elemental Analysis of Leaves Sample by ED XRF

In order to determine the heavy toxic metals and micronutrient elements in leaves sample,
elemental contents in the leaves of S. sonchifolius were determined by ED XRF method at the
Universities’ Research Center, Yangon. The major advantage of X-ray spectrometry is that it offers
a satisfactory compromise among economy, speed and ease of operation (Ertel, 1991).

Determination of Antioxidant Activity

DPPH (1, 1-diphenyl-2-picryl-hydrazyl) radical scavenging assay was chosen to assess the
antioxidant activity of plant materials. This assay has been widely used of plant materials to
evaluate the free radical scavenging effectiveness of various flavonoids and polyphenols in food
system (Leea et al, 2002). In this experiment, the antioxidant activity was studied on 95 % ethanol
and aqueous extract from selected leaf sample by DPPH free radical scavenging assay. DPPH
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(7 mg) was thoroughly dissolved in 100 mL of 95 % ethanol. This 180 uM DPPH solution was
freshly prepared in the brown coloured bottle.

The control solution was prepared by mixing the 1.5 mL of 180 uM DPPH solution and
1.5 mL of 95 % ethanol in brown bottle. Blank solution was prepared by mixing the 1.5 mL of test
sample solution with 1.5 mL of 95 % ethanol. Each respective H>O and ethanol extracts (30 mg)
and 30 mL of 95 % ethanol were thoroughly mixed by shaker. The mixture solution was filtered
and stock solution was obtained. Desired concentration 1000 pg/mL, 800 pg/mL, 600 pg/mL,
400 pg/mL, 200 pg/mL and 100 pg/mL of each solutions were prepared from this stock solution
by dilution with appropriate amount of 95 % ethanol.

4 mg of standard ascorbic acid was dissolved in 20 mL of 95 % ethanol to get the
200 pg/mL stock solution. Desired concentrations of 100 pg/mL, 50 pg/mL, 25 pg/mlL,
12.5 pg/mL, 6.25 pg/mL and 3.125 pg/mL solution were prepared by two-fold serially diluted
with ethanol. These bottles were incubated at room temperature and were shaken on shaker for
30 min. After 30 min, the absorbance of these solution was measures at 517 nm by using
spectrophotometer (UV-KWF, China). Absorbance measurements were done in triplicate for each
solution and the mean values obtained were used to calculate % inhibition of oxidation. Then 1Cso
(50 % inhibitory concentration) values were also calculated by linear regressive excel program.

Antimicrobial Activity Screening by Agar Well Diffusion Method

Antimicrobial activity of different crude extracts such as (pet ether, ethyl acetate, ethanol,
methanol, water extracts) of leaves were screened in in vitro by agar well diffusion method
(Dorman and Deans, 2000). Test microorganisms are Bacillus subtilis, Staphylococus aureus,
Pseudomonas aeruginosa, Bacillus pumilus, Candida albican, Escherichia coli, Aspergillus flavus
and Aspergillus niger species. This experiment was carried out at Pharmaceutical Research
Department (PRD), Ministry of Industry, Yangon.

Examination of in vitro Cytotoxic Activity by MTT Reduction Assay method

The cytotoxicity of methanol extract of the sample was examined by using MTT reduction
assay method. HepG2 cells were seeded in a 96 well flat-bottomed microliter plate at a density of
1x104 cells/ well and allowed to adhere for 24 h at 37 °C in a CO: incubator. After 24 h the cell
were then treated with 40 to 100 pg/mL of methanol extract for24 hat 37 °C in a CO; incubator.
Subsequently, 10 pL of MTT solution (5 mg/mL in phosphate buffer solution) were added to each
well and incubated for 4 h at 37 °C. The culture medium was discarded, and 100 uL of DMSO
solution was added into each well and mixed by gently shaking for 10min.Absorbance (the
interesting of the dissolved formazan crystal (purple color) was quantified using the ELISA plate
(microplate reader) at 595 nm (Padhya et al., 2013). Cell viability was calculated from the mean
values of the data from three wells and cytotoxic activity was expressed as the IC50 (50 %
inhibitory concentration) value.

Aps(test sample)—Apg(Blank)
Aps(control)—Apg(Blank)

(%) Cell viability = 100 x
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Results and Discussion
Phytochemical Profile of Yacon Leaves

According to the phytochemical test results, a-amino acids, alkaloids, carbohydrates,
flavonoids, glycosides, phenolic compounds, reducing sugars, saponins, steroids, tannins,
terpenoids and organic acids are present in the sample but cyanogenic glycosides and starch are
absent. Alkaloids, as reported by Elekwa et al., 2008, have been seen to interfere with cell division
which makes them an important plant part to possibly be used as remedy in the treatment of cancer.
Saponins and glycosides have been reported to have hypertensive and cardiac depressive properties
(Trease and Evans, 1985). The primary role of carbohydrate is to provide energy to all cells (Slavin
and Carlson, 2014). Flavonoids and many other phenolic components have been reported on their
effective antioxidants, anticancer, antibacteria, cardioprotective agents, anti-inflammation,
immune system promoting, skin protection from UV radiation (Dzialo et al., 2016).

Some Nutritional Values and Elemental Analysis of Yacon Leaves

The determination of some nutritional values such as moisture, ash, protein, fat, fiber,
carbohydrates and energy value contents were determined by reported methods. The moisture
content of sample was determined by oven dried method and was found 14.35 %. The fat content
was determined by the soxhlet extraction method and 5.31 % was obtained. In addition, the sample
was also studied for fiber content by acid alkali treatment, protein content by AOAC method and
ash content by using muffle furnace. The total ash in the sample is the inorganic residue remaining
after the organic matter has been burnt away. The fiber, protein, ash, carbohydrates contents and
energy value for Yacon leaves were found to be 11.67 %, 11.43 %, 9.09 % and 40.7 % and
313.55 kcal/100 g, respectively. The results are shown in Table 1.

X-ray spectrometer permits simultaneous analysis of light element to heavy metal.
Shimadzu EDX-720 spectrometer can analyze the elements from 11Na and 92U under vacuum
condition. The ED XRF spectrum of the sample results was reported in Table 2. It can be seen that
essential minerals for human health such as potassium and calcium in leaves were the most
predominant. The primary functions of potassium in the body include regulating fluid balance and
controlling the electrical activity of the heart and other muscle strength. Calcium is key for the
health of bone and teeth, but it also affects muscles, hormones and nerve function. According to
ED XRF, no toxic element was found in leaves sample.

Antioxidant Activity of crude extracts from leaves of yacon

DPPH (1, 1-diphenyl-2-picryl-hydrazyl) method is the most widely reported method for
screening of antioxidant activity on many plant drugs. This method is based on the reduction of
colored free radical DPPH in 95 % ethanol solution by different concentration of the samples. The
antioxidant activity was expressed as 50 % oxidative inhibitory concentration (ICso). The percent
oxidative inhibition values of crude extracts measured at different concentration and the results
are summarized in Table 3. From these experimental results, it was found that as the
concentrations increased, the absorbance values decreased i.e. increase in radical scavenging
activity of crude extracts usually expressed in term of % inhibition. From the average values of
% inhibition, 1Cso (50 % inhibition concentration) values in pg/mL were calculated by linear
regressive excel program.

From these results, it can be clearly seen that 1Cso values were found to be 466.92 pg/mL
for ethanol extract and 786.56 pug/mL for water extract. The lower the ICso showed the higher the
free radical scavenging activity. Ethanol extract was found to be more effective than watery extract
in free radical scavenging activity. However, it was observed that all of these extracts have the
lower antioxidant activity than standard ascorbic acid (ICso = 4.57 pg/mL).
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Table 1 Some Nutritional VValue of Yacon Table 2 Relative Abundance of Element

Leaf in Yacon Leaf

Moisture (%) 11.43 1 K 0.908

2. Carbohydrates (%)  14.35 2 Ca 0.801
3. Fat (%) 531 3 S 0.120
' . ' 4 Fe 0.028
4. Protein (%) 11.67 5 Ba 0.008
5. Ash (%) 9.09 6 Mn 0.006
6. Crude fiber (%) 40.7 7 P 0.002
Energy value 8 Cu 0.002

7. (kcal%oo ) 313.55 9 Zn 0.001
g 10 CH 98.122

Table 3 Percent Oxidative Inhibition and 1Cso Values of 95 % Ethanol and Watery Extracts
of Yacon Leaves

% Inhibition (mean £SD) in different concentrations

I1Cso(pg/mL)
Extracts (Hg/mL)
100 200 400 600 800 1000
Watery 16.78 = 2272+ 2989+ 4104+ 5117+ 67.62+ 786.56
3.78 0.88 0.43 1.37 0.85 3.18
Ethanol 11.396 + 2261+ 3794+ 7391+ 82598+ 8548+ 466.92
1.79 1.27 4.63 2.47 0.609 0.618

Screening of Antimicrobial Activity

Five crude extracts (PE, MeOH, EtOAc, EtOH and H20) were screened for antimicrobial
activity against eight different microorganisms using agar well diffusion method. Larger the zone
diameter, the more activity is on the test bacteria. According to the results in the Table 4. In vitro
screening of antimicrobial activity was examined by nutrient agar well diffusion method on eight
different microorganisms (B. subtilis, S. aureus, P. aerugino, B. pumilus, C. albicans, E. coli, A.
flavus and A. niger). EtOAc and 95 % EtOH extracts of Yacon leaves showed antimicrobial
activity on eight strains of microorganisms (inhibition zone diameter 12 mm to 30 mm). H20
extract against other strains expect A. flavus (inhibition zone diameter 13 mm to 20 mm). In
addition, PE and MeOH extracts against other strains except P. aeruginosa (inhibition zone
diameter 11 mm to 30 mm). In vitro antimicrobial assays showed appreciable antibacterial activity
against eight microorganisms. These results indicate that it can significantly decreases their
representative diseases (such as, food poisoning, dizziness, head ache, stomach cramps, skin
infections, respiratory infection, failure of heart, kidney and liver, pneumonia, diabetes,
abdominal pain, fever, vomiting fatigue, joint pain, live cancer.
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1. PE extract 2. MeOH extract 3. EtOAc extract 4. EtOH extract 5. Hzé extract

Figure 1 Inhibition zone of various crude extracts of yacon leaves againsts B. subtilis, S. aureus,
P. aeruginosa, B. pumilus, C. albicans, E. coli, A. flavus, A. niger

Table 4 Inhibition Zone Diameters of Various Crude Extracts against Eight
Microorganisms by Agar Well Diffusion Method

Inhibition Zone Diameters (mm) of Crude Extracts

Samples
Pet-ether MeOH EtOAC EtOH H20 Control
B .subtilis 23 (+++) 30 (+++) 30 (++4) 30 (+++) 20 (++4) -
S. aureus 24 (+++) 30 (+++) 30 (+++) 30 (+++) 20 (++) -
P. aeruginosa - 15 (+) 15 (+) 17 (++) -
B. pumilus 20 (+4) 25 (+++) 25 (+++) 30 (+++) 20 (++) -
C. albicans 20 (++) 30 (+++) 25 (+++) 28 (+++) 20 (++) -
E. coli 15 (+) 25 (+++) 24 (++) 20 (++) 15 (+) -
A. flavus 11 (+) 12 (+) 13 (+) 13 (+) - -
A. niger 11 (+) 13 (+) 12 (+) 13 (+) 13 (+) -
Acceptance Criteria
Susceptible Intermediate Resistant
Disc Diffusion (mm) > 21 (+++) 17 to 20 (++) <16 (+)

Cytotoxicity of Methanol Extract of yacon leaf

The cytotoxicity of methanol extract of Yacon leaf was evaluated by MTT assay. The
cytotoxicity of methanol extract was expressed in terms of mean + SD standard deviation and ICso
(50 % Inhibitory Concentration) and the results are shown in Table 5 and Figure 2. There are many
plants extracts have been used as anticancer agents even vegetables and fruits many help reduce
the risk of cancer in humans. Some Thai plants namely Glochidion daltonii, Cladogynos orientalis,
Catimbium speciosum, Acorus tatarinowii, Amomum villosum and Pinus kesiya were also reported
against the human hepatocarcinoma (HepG2) cell line (Machana et al., 2011).

In this study, the local plant Yacon leaves showed ICso (53.68 pug/mL) for cytotoxicity
against HepG2 cell line.
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Table 5 Viability of HepG2 Cell by MeOH Extract of Yacon Leaves Using MTT Assay

Cell Viability (mean £SD) in different concentrations

1Cso
Extract /mL
0 40 60 80 100
MeOH 1.0 0.63 0.44 0.29 0.13 53.68

+0.00 +0.02 +0.01 0.2 +0.02

1.2
1
P
= 038
K=
S 06
S 04
0.2 .
0 1
0 40 60 80 100
Concentration (ug/mL)

Figure 2 A bar graph of cell viability for 24 h treated by MeOH extract

Conclusion

From the overall assessments of the present work concerning with the phytochemical
constituents and some biological activities of yacon leaves, the following inference could be
deduced. The preliminary phytochemical investigation of yacon leaves were performed and it was
found that alkaloids, a-amino acids, carbohydrates, flavonoids, glycosides, phenolic compounds,
reducing sugars, saponins, steroids, tannins, terpenoids, and organic acids were present, however,
cyanogenic glycosides and starch were absent. Nutritional values were observed to compose by
moisture. The nutritional values for yacon leaves were found to be good source of fiber, protein
and carbohydrate. Qualitative elemental analysis of plant sample by ED XRF method showed that
K and Ca were the highest amount of elements in the sample. The primary functions of potassium
in the body include regulating fluid balance and controlling the electrical activity of the heart and
other muscles. Calcium is one of the most important minerals for the human body. It helps form
and maintain healthy teeth and bones. The radical scavenging activity of ethanol extract was found
to be more effective than watery extract by DPPH assay. Antimicrobial activity showed
significantly decreases population of pathogenic bacteria eight different microorganisms
(B. subtilis, S. aureus, P. aerugino, B. pumilus, C. albicans, E. coli, A. flavus and A. niger). The
ICso value of MeOH extract against human liver cancer line (Hep G2) was observed 53.68 pg/mL.
According to these observation, yacon leaves could be applied not only nutrition but also for
therapy.
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SCREENING ON SOME BIOACTIVITIES FROM THE LEAF OF
BAUHINIA PURPUREA L. (SWEDAW-NI)

Mie Mie Aye”

Abstract

In the present study, the leaf of Bauhinia purpurea L., locally known as “Swedaw-ni” was selected
to screen some bioactivities. Firstly, the phytochemical constituents were investigated by the
reported chemical methods. The qualitative elemental analysis was done by EDXRF technique. The
crude extracts were prepared by the solvent extraction method. Total phenolic content in ethanol and
watery extracts was carried out spectrophotometrically using Folin-Ciocalteu reagent. Ethanol
extract (32.58 pg GAE/mg of extract) showed higher phenolic content than watery extract (21.73 pg
GAE/mg of extract). In the study of the antioxidant activity, ethanol and watery extracts were
screened by DPPH radical scavenging assay. The ethanol extract (ICso = 5.75 pg/mL) was found to
be more potent than the watery extract (ICsp = 8.51 pg/mL) in the antioxidant activity. The
antimicrobial activity of both extracts was investigated against Bacillus subtilis, Staphylococcus
aureus, Pseudomonas aeruginosa, Bacillus pumilus, Candida albicans and E. coli. The results
showed that all tested microorganisms were susceptible to both ethanol and watery extracts of B.
purpurea leaf. In addition, acute toxicity of ethanol extract was investigated with the dosage of
300 mg/kg, 2000 mg/kg and 5000 mg/kg body weight on albino mice and no lethality was observed
up to fourteen days after administration. The Chemical nature for not been studied yet, however,
the leaf of B. purpurea is likely to have potent biological activities to use as ingredient in preventive
medicine.

Keywords:  Bauhinia purpurea L., EDXRF, total phenolic content, antioxidant activity,
antimicrobial activity, acute toxicity

Introduction

Nature has provided a complete storehouse of remedies to cure ailment of mankind. Herbal
medicine, as the major remedy in traditional medical systems, has been used in medical practice
for thousands of years and has made a great contribution to maintaining human health. A majority
of the world’s population in developing countries still relies on herbal medicine to meet its health
needs (Kumar et al., 2008). Bauhinia purpurea L (swedaw-ni in Myanmar) is belonging to the
family leguminosae and it is a small to medium-sized deciduous tree. It is native to Southern and
Southeastern Asia. It has been planted as an ornamental in many tropical and subtropical regions
of the world. The plant is widely distributed throughout Myanmar. It contains major class of
secondary metabolites which are flavonoids, glycosides, saponins, triterpenoids, phenolic
compounds, oxepins, fatty acids and phytosterols (Kumar and Chandrashekar, 2011). The research
has focused on screening of some bioactivities from the leaf of B. purpurea (Swedaw-ni). The plant
B. purpurea is used in several ways for the treatment of skin diseases, wounds, ulcers, cough,
dysentery, snakebite, tumors, flatulence, indigestion, piles and also lots of other ailments (Gupta
et al., 2012). It reported to exhibit various pharmacological activities such as antioxidant activity,
hepatoprotective activity, hypoglycaemic activity and antiproliferative activity (Shajiselvin et al.,
2011). The leaves are used for the treatment of catarrh, infection of children, boil, glandular and
swelling (Avinash et al., 2011). Its flowers are used to reduce fever. The bark of the plant is used
as an astringent and its decoctions are recommended for ulcers as a useful wash solution. The
decoction of stem bark orally twice a day is very effective in asthma and other respiratory disorder
as an anti-inflammatory agent (Patil et al., 2008). The whole plant is used in dropsy, pain,
rheumatism, convulsions, delirium and septicemia. The medicinal activities of B. purpurea are of
great potential and it can be used as drugs of choices. The photographs of leaves and flowers of B.
purpurea are described in Figure 1.

* Dr, Associate Professor, Department of Chemistry, East Yangon University
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(b)

Figure 1 Photographs of B. purpurea (a) leaves (b) flowers

Materials and Methods

The chemicals used in this research were obtained from British Drug House (BDH) and the
reagents used were analar grade. The instruments used were EDXRF (Shimadzu EDX-7000
spectrometer) and UV - visible Spectrophotometer (Shimadzu UV-240).

Collection and ldentification of Plant Material

The fresh leaf of the B. purpurea (Swedaw-ni) was collected from the area of Mingalardon
Township, Yangon Region, in January 2019. After collection, the sample was identified at Botany
Department, Taungoo University. The sample was washed with water to remove adhering dirt and
then cut into small pieces, dried at room temperature for one week. The dried sample was ground
into powder form with help of a grinding machine and stored in airtight container for further use.

Phytochemical Screening of Leaf of B. purpurea

In order to find out the types of phytoconstituents present in sample, phytochemical
investigation was carried out by chemical methods (Harborne, 1984; Robinson, 1983).

Qualitative Elemental Analysis of Leaf of B. purpurea

For this measurement, pellet of the sample was first made. Energy disperse X-ray
fluorescence spectrometer (Shimadzu EDX-7000) can analyze the elements from Na to U under
vacuum condition. The individual element in sample is detected by using semiconductor that
permits multi-elements, simultaneous analysis. In this way, EDX-7000 spectrometer determines
elements that are present in the sample. The elemental contents in B. purpurea leaf were
determined by EDXRF spectrometer at Taungoo University.

Preparation of Crude Extracts of Leaf of B. purpurea

Ethanol crude extract was prepared from 100 g of dried powdered sample mixed with
400 mL of ethanol and kept for three days. The mixture was then filtered and evaporated to dryness
under reduce pressure using a rotatory evaporator to produce the yield.

Watery crude extract was also prepared from 100 g of dried powdered sample mixed with
400 mL of distilled water and boiled for 2 h. The mixture was then filtered and evaporated to
dryness on water bath to produce the yield. Each extract was stored in a desiccator containing dry
silica gel prior using in each experiment.
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Determination of Total Phenolic Content of Leaf of B. purpurea

The total phenolic content in ethanol and watery extracts of B. purpurea leaf was
determined by using Folin-Ciocalteu colourimetric method described by Kim et al., (2003).

In this procedure, 1 mL of tested sample solution (1000 pug/mL) was added to 5 mL of
10 % FC reagent and incubated at room temperature for 30 min. Then, 4 mL of 1 M sodium
carbonate solution was added to the mixture and the tubes were kept at room temperature for
15 min. The absorbance of reaction mixture was measured at Amax 765 nm using UV-visible
spectrophotometer. The standard calibration curve was constructed by plotting the absorbance vs
different concentrations (100, 50, 25, 12.5, 6.25 and 3.125 pg/mL) of gallic acid. Total phenolic
content was expressed as microgram of gallic acid equivalent per milligram of crude extract
(Mg GAE/mg of extract).

Screening of some Bioactivities of Leaf of B. purpurea
Antioxidant activity screening

The antioxidant activity of ethanol and watery extracts of B. purpurea leaf was determined
by DPPH (1,1-diphenyl-2-picryl-hydrazyl) radical scavenging assay using UV-visible
spectrophotometer (Jain et al., 2008). In this procedure, 1.5 mL of tested sample solution with six
different concentrations (50, 25, 12.5, 6.25, 3.125 and 1.5625 pg/mL) was mixed with 1.5 mL of
DPPH solution (60 uM). The absorbance values of these solutions were measured by UV-visible
spectrophotometer at 517 nm at 30 min intervals against a blank solution. Absorbance was
measured in triplicate for each solution and the mean values so obtained were used to calculate the
percent inhibition of oxidation by the following equation:

% inhibition — control - (Sample - Blank) 100
Control
Control = the absorbance of DPPH in EtOH solution
Sample = the absorbance of sample and DPPH solution
Blank = the absorbance of sample and EtOH solution

Then, ICso (50 % oxidative inhibitory concentration) values were calculated by linear
regressive excel program.

Antimicrobial activity screening

The antimicrobial activity of ethanol and watery extracts of B. purpurea leaf was
investigated by agar well diffusion method at Development Centre of Pharmaceutical and Food
Technology (DCPFT). The microorganisms used in this study included five bacterial strains such
as Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus pumilus, E. coli
and one fungal species, Candida albicans.

Acute toxicity study

The acute toxicity activity of ethanol extract of B. purpurea leaf was done according to the
Organization for Economic Cooperation and Development (OECD) guide line 423 (2001).
According to the test description, total number of 18 adult female albino mice, weighing (25-30 g)
were selected and divided into three groups (six in each group). Each group was treated with
ethanol extract in different concentrations (300, 2000, 5000 mg/kg body weight) by using a
stomach tube. After administration of the test agent orally, the sign of toxicity or lethality was
observed on the test animals. At the end of the test (i.e., 14 days), surviving animals were weighed.
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Results and Discussion
Phytochemicals Present in Leaf of B. purpurea

In order to find out the types of phytochemical constituents present in B. purpurea leaf,
phytochemical investigation was carried out by chemical methods. Phytochemical investigation of
plant material was done by based on the results of colour changes or precipitation, which indicates
that the presence of classes of organic constituents containing in it. According to these results,
o-amino acids, flavonoids, glycosides, phenolic compounds, saponins, tannins, steroids and
terpenoids were present in sample. However, alkaloids, carbohydrates, cyanogenic glycosides,
reducing sugars and starch were not detected.

Some Elements Present in Leaf of B. purpurea

The relative abundance of elements present in leaf of B. purpurea was determined by
EDXRF spectrometer. The EDXRF spectrum is described in Figure 2 and the relative abundance
of some elements present in B. purpurea leaf is shown in Table 1. It was observed that Ca was
found to be the principal element and K, Fe, Sr, Mn, Zn, Cu, Rb and Br were present as trace
elements in the sample. Ca is the mineral that human requires in the greatest amounts. It is an
essential for the development, growth and maintenance of bone. It helps regulate muscle
contraction. K is an important for muscle function, including relaxing the walls of the blood
vessels. This lowers blood pressure and protects against muscle cramping. Fe is a mineral vital to
the proper function of hemoglobin, a protein needed to transport oxygen in the blood. Therefore,
B. purpurea leaf contained many necessary elements and it could be a good supplement for some
nutrients.
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Figure 2 EDXRF spectrum of leaf of B. purpurea
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Table 1 Some Elements Present in Leaf of B. purpurea (EDXRF)

No. Elements Relative Abundance (%)
1 Ca 0.818
2 K 0.104
3 Fe 0.059
4 Sr 0.007
5 Mn 0.004
6 Zn 0.003
7 Cu 0.002
8 Rb 0.001
9 Br 0.001

Soluble Matter Contents of Leaf of B. purpurea

In this research work, the soluble matter contents of leaf of B. purpurea were determined
by solvent extraction method. Ethanol and watery crude extracts were prepared and the yield
percent of crude extract was derived from the weight of dried and ground plant material. According
to the results, it was observed that the yield of ethanol extract (15.93 %) was higher than that of
watery extract (12.58 %). It can be concluded that the amount of active constituents contained in
ethanol extract was higher than watery extract.

Total Phenolic Content of Leaf of B. purpurea

Phenolic compounds are very important plant constituents because of their scavenging
ability due to their hydroxyl groups. They may contribute directly to antioxidative action. The total
phenolic contents in ethanol and watery extracts of leaf of B. purpurea were determined by using
Folin-Ciocalteu colourimetric method. Gallic acid was used as a standard compound. The
absorbance values obtained at different concentrations of gallic acid were used for the construction
of calibration curve as described in Figure 3. The total phenolic content of crude extracts of B.
purpurea leaf is shown in Table 2. This method is based on the transfer of electrons in alkaline
medium from phenolic compounds to phosphomolybedic / phosphotungstic acid complexes to
form blue coloured complexes that are determined spectrophotometrically at 765 nm. Total
phenolic content of each crude extract was calculated from the regression equation of calibration
curve (y = 0.008 x, R? = 0.999) and expressed as microgram gallic acid equivalent per milligram
of crude extract (ug GAE/mg of extract). In this study, ethanol extract (32.58 ug GAE/mg of
extract) showed higher total phenolic content than watery extract (21.73 pug GAE/mg of extract).
This means that ethanol extract of B. purpurea leaf is a source phenolic compound which may be
a good source of antioxidant for the food system.
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Figure 3 Standard calibration curve of gallic acid
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Table 2 Total Phenolic Content of Crude Extracts of B. purpurea Leaf

Total Phenolic Content

Extracts (Lg GAE/mg of extract)
ethanol 32.58
watery 21.73

Antioxidant Activity of Leaf of B. purpurea

The effect of antioxidants on DPPH radical scavenging is thought to be due to their
hydrogen or electron donating abilities. DPPH is a stable free radical. In its radical form, DPPH
has been disappeared on reduction by an antioxidant compound or a radical species to become a
stable diamagnetic molecule resulting the colour changes from violet to yellow, which could be
taken as an indication of the hydrogen donating ability of the tested sample.

The antioxidant activity of ethanol and watery extracts of leaf of B. purpurea was
investigated by DPPH assay. In this study, six different concentrations (50, 25, 12.5, 6.25, 3.125
and 1.5625 pg/mL) of each crude extract were prepared by serial dilution method. Ascorbic acid
was used as standard to be compared with the sample and ethanol without sample was employed
as control. After mixing with the DPPH solution, the absorbance of each solution was measured
at 517 nm using UV-visible spectrophotometer. On the basic of absorbance values, % inhibition of
each sample in different concentrations was calculated and 1Cso value was determined by linear
regressive excel program. The results of % inhibition and 1Cso values were shown in Table 3. 1Cso
value of standard ascorbic acid was 1.97 pg/mL. According to the results, it was observed that
ethanol extract (ICso = 5.75 pg/mL) of leaf of B. purpurea contained higher antioxidant activity
than watery extract (ICso = 8.51 pg/mL), due to the lower value of ICso. The ethanol extract
contains a high quantity of bioactive compounds able to capture free radicals like DPPH. From
these findings, it can be concluded that total phenolic content was correlated with radical
scavenging activity. The ethanol extract containing the higher total phenolic content showed
significant free radical scavenging activity in this study. Therefore, B. purpurea leaf could be
employed as an additive in the food industry providing good production against oxidative damage.

Table 3 Percent Inhibition and 1Cso Values of Crude Extracts of B. purpurea Leaf and
Standard Ascorbic acid

sample % inhibition in various concentrations (ug/mL) 1Cso0
P 15605 3.125 6.25 125 25 50 (ug/mL)

ethanol 5 46 32.18 53.42 71.56 89.34 92.42 5.75

extract

watery 49 g9 24.87 40.93 65.98 82.76 87.43 8.51

extract

asggirg'c 44,56 65.32 74.42 85.96 93.21 97.12 1.97

Antimicrobial Activity of Leaf of B. purpurea

The antimicrobial activity of ethanol and watery extracts of B. purpurea leaf was
investigated by agar well diffusion method on B. subtilis, S. aureus, P. aeruginosa, B. pumilus, C.
albicans and E. coli as shown in Figure 4. The zone of inhibition was taken as a measure of
antimicrobial activity. The larger the inhibition zone diameter, the higher the antimicrobial activity.
All tested microorganisms in this study were found to be sensitive to both of the ethanol and watery
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extracts of B. purpurea leaf. B. subtilis showed the highest susceptibility to both extracts with the
clear zone of inhibition ranging from 18-20 mm while the rest tested microorganisms were
sensitive in the inhibition zone ranging from 14-18 mm as shown in Table 4. The results indicated
that the leaf of B. purpurea has antimicrobial activity and may be applied in local therapies in the
treatment of diseases caused by the microorganisms tested.

B. pumilus C. albicans E. coli

Figure 4 Antimicrobial activity of crude extracts of B. purpurea leaf on six microorganisms
(1) = ethanol extract
(2) = watery extract

Table 4 Inhibition Zone Diameters of Crude Extracts of B. purpurea Leaf

Microorganisms

Extracts B. subtilis  S.aureus P.aeruginosa . C. albicans E. coli
pumilus
20 mm 18 mm 18 mm 18 mm 18 mm 17 mm
ethanol (+++) (++) (++) (++) (++) (++)
watery 18 mm 16 mm 17 mm 14 mm 16 mm 15 mm
(+1) (++) (+1) ) (1) (*+1)

Agar well diameter 10 mm-14 mm (+)
15 mm-19 mm (++)
20 mm above (+++)

Acute Toxicity Study of Leaf of B. purpurea

The acute toxicity study of ethanol extract was done according to the OECD 423 guide line.
In this study, no toxic sign and lethality were found during the observation period of 14 days with
the dose of 300 mg/kg, 2000 mg/kg and also at the maximum dose of 5000 mg/kg. Therefore, the
LDso value was expected to be more than 5000 mg/kg and ethanol extract leaf of B. purpurea is
assumed to be safe. The results of acute toxicity activity of ethanol extract of leaf B. purpurea were
shown in Table 5.
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Table 5 Acute Toxicity Activity of Ethanol Extract of B. purpurea Leaf

Dose Number of mice Observed

Extract (ma/kg) tested period (days) Death/tested
300 6 14 0/6
Ethanol 2000 6 14 0/6
5000 6 14 0/6
Conclusion

This study showed that there is a relationship between, the total phenolic content of
ethanol and watery extracts of leaf of B. purpurea with antioxidant activity indicating that B.
purpurea leaf has potent antioxidant, antimicrobial and no acute toxicity activities and provides
scientific evidence for its use in traditional medicine. Though the chemical nature were not
identified yet, however, the leaf of B. purpurea may be used for the treatment of diseases caused
by oxidative stress and infected by the microorganisms.
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INVESTIGATION OF ESSENTIAL OIL FROM THE LEAF AND
ANTIOXIDANT ACTIVITY OF PLANT APIUM GRAVEOLENS L.
(TAYOKE NAN-NAN)

Soe Soe Tint!?, Saw Hla Myint3, Ni Ni Than*
Abstract

Tayoke Nan-nan is known to be rich in essential oil and phenolic compounds. GC-MS analysis of
the essential oil steam distilled from the dry leaf (yield 0.02 %) of Apium graveolens L. indicates
nine compounds, mostly mono and sesquiterpenes, phthalide derivatives, and a few other
compounds. Similar analysis of the essential oil from the fresh leaf (yield 0.07 %) showed fourteen
compounds, mostly mono and sesquiterpenes, the phthalide derivatives and a few other compounds.
Phthalides are the most abundant constituents in both essential oils. In the determination of
antioxidant activity by ferric reducing antioxidant power (FRAP) method, ECso values of the
ethanolic extracts of the leaf, stalk and root were 2186, 984 and 2316 pg/mL against 112 pug/mL of
ascorbic acid standard. The presence of phthalides and phenolic compounds in the plant, Tayoke
nan-nan may be useful as a medicinal drug in certain miner diseases.

Keywords: Apium graveolens L., leaf, essential oil, phthalide derivatives, FRAP method

Introduction

All parts of celery (Apium graveolens L.) plant yield high proportion of essential oil. This
is pale yellow and very fluid, with a strong celery aroma consisted of phthalide derivatives (lactone
sedanolide), palmitic acid, hydrocarbons such as limonene (Rozek et al., 2016 and Sellami, et al.,
2012). Traditional processes for extracting essential oils, hydrodistillation and steam distillation,
are relatively simple (Sahraoui and Boutekedjiret, 2015 and Bozovi¢ et al., 2017). The chemical
composition of the oil was investigated by GC-MS that combines the separation power of gas-
liquid chromatography with the detection feature of mass spectrometry to identify different
substances within a test sample (Chauhan et al., 2014).

The major bioactive compounds in the celery include phenolic compounds, flavonoids and
phenols are the most important groups of secondary metabolites and bioactive compounds in plants
such as Apium plants are good sources of natural antioxidants in human diets (Saxena et al., 2012).
Spectrophotometric SET-based assays measure the capacity of an antioxidant in the reduction of
an oxidant, which changes colour when reduced. Like the antioxidant activity, the reducing power
of celery, ethanol extract increases with increasing concentration. In ferric reducing antioxidant
power (FRAP) assay, there is an increase in absorbance at a prespecified wavelength as the
antioxidant reacts with the chromogenic reagent (Moharram and Y oussef, 2014).

The reactions in the FRAP method (Canabady-Rochelle et al., 2015) as follow:

3- _ 4-
2Fe(CN); + CH,Of —» 2Fe(CN), + CHO, +H

Ferricyanide ~ Ascorbate Ferrocyanide =~ Dehydro
(Yellow) ascorbate
4-
3Fe(CN),  + 4Fe3+  Fe, [Fe(CN), 1,
Ferrocyanide  Ferric ion Ferric-Ferrocyanide (Prussian blue) A,..= 700 nm
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The aim of the present research is to investigate the constituents of essential oils from the
dry and fresh leaves of celery and to determine the antioxidant activity by FRAP method of
different parts of celery (A. graveolens) plant.

Materials and Methods
Plant Material

The plant material (A. graveolens, Tayoke Nan-nan) used for this study was collected from
Kalaw, Shan state, Myanmar. The leaf samples were dried. Fresh and dry leaf samples were used
to extract the essential oil. For the antioxidant activity by FRAP method, dry leaf, stalk and root
samples were used.

Experimental Setup

Steam distillation method was used to extract essential oil (Sahraoui and Boutekedjiret,
2015). The schematic diagram of experimental setup is shown in Figure 1. The experiment was
conducted in a Clevenger’s Apparatus.

A : 1. Boiling flask Experimental Procedure
e 2. Biomass flask Dry leaf sample 25 g or fresh
L e 3. Connecting leaf sample 100-150 g were filled in
distillation adapter the biomass flask and extracted with
4. Glass stopper steam generated from 350 mL water

in the boiling flask until oil distillation
ceased after 5-6 h. The essential oil in
the distillate was separated by

5. Condenser
6. Oil separator

apparatus partitioning with n-hexane, the extract
7. Heating mantle dried over anhydrous Na»SOs; and
8. Lab supportstand filtered and kept in the freezer after
9. Finger clamp evaporation of the solvent.

Figure 1 Essential oil steam distillation kit

Yield of Essential Oils

The yield of essential oil of celery leaf was expressed in gram relative to 100 g of raw
sample; it was calculated according to following equation:
Amount of extracted oil (g) <100

Yield (%)=
Amount of raw sample (g)

Determination of Composition of Essential Oil by GC-MS

The chemical composition of essential oil was determined by GC-MS analysis on a
PerkinElmer system consisting of a Clarus 680 GC model and a Clarus 600 MS model at National
Analytical Laboratory, Department of Research and Innovation, Yangon, Myanmar. An Elite5 MS
GC column with 5 % diphenyl 95 % dimethyl polysiloxane stationary phase and dimension 30 m
(L), 0.25 mm (ID) and 0.25 um (thickness) was used. The GC settings were as follows: the source
temperature was 190 °C and the inlet temperature was 209 °C.



J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A 39

The initial oven temperature was held at
80 °C for 3 min and then heated from 100 to
140 °C at a rate of 2 °C /min, held for 1 min,
and then heated to 240 °C at 10 °C /min and held
for 3 min. The injector temperature was
maintained at 250 °C. The sample in hexane
(1 p L) was injected, with a split ratio of 1: 20.
The carrier gas was helium at flow rate of
1.0 mL/min.

Figure 2 GC-MS instrument

Determination of the Functional Groups Present Using FT IR

The FT IR spectrum of the essential oil was measured at National Analytical Laboratory,
Department of Research and Innovation, Yangon, Myanmar. The FT IR spectra were reported in
% transmittance. The wavenumber region for the analysis was 4000-400 cm™ (in the mid-infrared
range).

Determination of Antioxidant Activity by FRAP Method

The 95 % ethanol extracts of dry leaf, stalk and root were used for ferric reducing
antioxidant power content (Bhalodia et al., 2013).

Preparation of plant extract

The leaf, stalk and root samples (5 g) of celery (A. graveolens) were extracted with 95 %
ethanol (100 mL).

Preparation of standard solutions

Ascorbic acid (0.01 g) was dissolved in 10 mL distilled water (1000 pg/mL) . This solution

was serially diluted with distilled water to give solutions of 5, 10, 25, 50, 75 and 100 ug/mL serially
concentrations.

Preparation of test sample solutions

Preparation of test sample stock solutions of samples were prepared by dissolving 0.02 g
of each extract in 1 mL of ethanol and diluted with distilled water to make 20 mL solution
(2000 pg/mL). Then sample concentrations of 125, 250, 500, 1000 and 2000 pg/mL were

prepared.
Protocol for reducing power

According to this method, 1.0 mL aliquots of each solution in deionized water various
concentrations of the standard (5 to 100 ug/mL) and test sample extracts (125 to 2000 pg/mL) were
separately mixed with 2.5 mL of phosphate buffer (pH 6.6) and 2.5 mL of (1 %) potassium
ferricyanide. The mixture was incubated at 50 °C in water bath for 20 min after cooling.
Trichloroacetic acid (10 %) solution 2.5 mL was added to each mixture, which was then
centrifuged at 3000 rpm for 10 min. The upper layer of solution 2.5 mL each was mixed with
2.5 mL distilled water and a freshly prepared 0.5 mL of (0.1 %) ferric chloride solution. Increase
in absorbance of the reaction mixture indicates increase in reducing power. All experiments were
repeated three times.
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Results and Discussion
Yield of Essential Oils from Celery Dry and Fresh leaf

The essential oils of dry and fresh leaf of celery (A. graveolens) were extracted by steam
distillation method. The amount of essential oils obtained were 0.02 % from dry leaf and 0.07 %
from fresh sample. Both samples of essential oils have light yellow colour and pleasant aromas.
Because of its high volatility, it was stored in an air tight container protected from light in cool
place. The essential oil was insoluble in water but miscible in alcohol.

Composition of Essential Oil by GC- MS Analysis

In GC-MS analysis, the obtained essential oil was dissolved in n-hexane. Nine volatile
compounds in dry leaf and fourteen compounds in fresh leaf essential oils observed are shown in
Tables 1 and 2. A high proportion of the essential oils consisted butyl phthalide derivatives
(butylphthalide, senkyunolide and sedanolide) and D-limonene and carveol were also contained in
the oils of both samples (Figures 3 and 4). Molecular structures of essential oil compounds in dry
and fresh leaf are shown in Figure 5. GC-MS analysis of d-limonene and carveol, butylphthalide,
senkyunolide and sedanolide of the both essential oils is expressed in Figure 6.

Table1 Chemical Composition of Essential Oil from Dry leaf sample

Sr. Compound Name Molecular Molgcular Retentipn
No. Formula weight time (min)
1 D-limonene (2) Cyo Hiy 136 3.970
2 Carveol (6) Cy H;s0 152 5.535
3 1-Pentanone 1- phenyl (7) C, H,,0 162 8.231
4  Alloaromadendrene  (9) Cys Hy 204 9.980
5  Butylphthalide (13) Cy Hy, O, 190 11.951
6  Senkyunolide (14) C, Hi O, 192 12.791
7  Sedanolide (15) C, Hi O, 194 12.837
8  Palmitic acid (16) Cyu Hy O, 256 15.840
9  6-Octa decenoic acid (17) Cy Hi O, 282 20.021

- Tme

Figure 3 Total ion chromatogram (TIC) of essential oil from dry leaf of A. graveolens at retention
times 3 -28 min
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Table2  Chemical Composition of Essential Oil from Fresh Leaf Sample
Sr. Compound Name Molecular Molecular Retention
No. b Formula weight time (min)
1 a-Pinene (1) CpoHip 136 3.690
2  D- limonene (2) Cyp His 136 4.219
3 B- Ocimene (3) Cyo Hig 136 4.353
4  3- Carene (4) Cyo Hyg 136 4,557
5 Naphthalene (5) Cy Hq 128 6.298
6 Carveol (6) Cy H;O 152 8.208
7  Caryophyllene (8) Cis Hy, 204 9.389
8 Humulene (10) Cis Hayy 204 9.830
9 Naphthalene, decahydro- Cys Hy 204 10.245
4A- methyl- 1-methylene
- 7(1-methylethe) (11)
10 Butylated Hydroxytoluene ( 12) Cs Hy, O 220 10.298
11 Butylphthalide (13) C,, Hy, O, 190 12.074
12 Senkyunolide (14) C, H; O, 192 12.830
13  Sedanolide (15) C,H; O, 194 12.899
14 Phenol, 2, 2°- methylenebis Cy Hs, O, 340 24.048
[6-(1, 1- dimethylethyl)-4-
methyl) (18)
( r[ l X - N = HE
Figure 4 Total ion chromatogram (TIC) of essential oil from fresh leaf

A. graveolens at retention times 3 -28 min
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Figure 5 Molecular structures of essential oil compounds from dry and fresh leaves
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Figure 6 GC-MS analysis of d-limonene, carveol, butylphthalide, senkyunolide and sedanolide
present in the essential oil (a) TIC (b) molecular structures (c) mass spectra (recorded)
(d) mass spectra (library)

Functional groups present in the essential oil using FT IR

The functional groups present in the essential oil were determined from the wavenumbers
of the sample in FT IR the spectrum (Figure 7). The FT IR absorption spectrum of essential oil
obtained from dry leaf celery (A. graveolens) was measured in the wavelength range
4000- 400 cmL.
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The vibrational band given by C=0 bond of ester or five members ring lactone occurs at
1751 cm, and the C—O stretching of ester, alcohol, ether leads to bands at 1284 cm™, 1225 cm™,
1184 cm, 1043 cm™ (Figure 7 and Table 3).

Date Manday, Decaembaer 09, 2019 1:.25 PM

. 964 cm'1 "\.
2028 cm’! A\ -1
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Figure 7 FT IR spectrum of dry leaf essential oil from A. graveolens

Table 3 FT IR Spectral Data of Essential Oil from Dry A. graveolens Leaf

Wavenumber (cm™) Vibrational mode Functional group

3080 = C-H stretching Olefin, aromatic compound
2928, 2860 C-H stretching - CHz> CH2 > CH-

1751 C= O stretching Ester, 5 members ring lactone
1466 C-H bending - CH3> CH2 > CH-

1284, 1225, 1184, 1043 C - O stretching Ester, alcohol, ether

964 = C-H out of plane bending Trans olefin

710 = C-H out of plane bending Cis olefin

(silverstein et al., 1991)

Activity (Reducing Power Assay)

Celery is valued for the distinctive aroma which it owes to the presence of phthalide- rich
essential oil. Moreover, it is known for its antioxidant properties due to the compounds such as
phenolic and flavonoid compounds as determined in the previous work (Table 4) (Soe Soe Tint et
al., 2020).

Reducing power assay method is based on the principle that substances, which have
reduction potential, react with potassium ferricyanide (Fe*) to form potassium ferrocyanide (Fe?*),
which then reacts with ferric chloride to form ferric-ferrous complex that has an absorption
maximum at 700 nm. The reducing power of the 95 % ethanol extracts and standard increases with
the increase in amount of sample and standard concentrations (Tables 5, 6, 7 and 8). The plot of
reducing power shows good linearity in standard (R? = 0.9181) and all sample extracts (leaf, stalk
and root) are R? = 0.983, 0.9553 and 0.9891 respectively for leaf, stalk and root (Figures 12, 13,
14 and 15). ECso values of the ethanolic extracts of leaf, stalk and root were 2186, 984 and
2316 pg/mL against 112 pg/mL of ascobic acid standard (Table 9 and Figure 16).
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Table 4 Flavonoid Content, Phenolic Content and Antioxidant Activity of Celery

Flavonoid content Phenolic content Antioxidant activity of
(mg QE/g dry or (mg GAE/g dry or ethanol extract
fresh weight) fresh weight) ICso value (ng/mL)

Dry leaf 263.453 290.119 99.646

Fresh leaf 29.757 32.769

Dry stalk 28.743 51.338 45.219

Fresh stalk 3.425 6.117

Dry root 37.886 53. 987 125.342

Fresh root 4.018 5.726

(Soe Soe Tint et al., 2020)

0.800 Table 5 Variation of Absorbance with
Concentrations of Stand
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Figure 8 Zero-order overlaid spectra  of ferric—ferrocyanide
for (a) blank solution (b) 5 pg/mL (¢) 10 pg/mL
(d) 25 pug/mL (e) 50 pg/mL (f) 75 pg/mL (g) 100 ug/mL
standard ascorbic acid solutions

0.800 ; : " Table 6 Variation of Absorbance with
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Figure 9 Zero-order overlaid spectra of ferric—ferrocyanide
for (a) blank solution (b) 125 pg/mL (c) 250 pg/mL
(d) 500 pg/mL (e) 1000 pg/mL (f) 2000 pg/mL
celery leaf ethanol extract solutions
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Table 7 Variation of Absorbance with
Concentrations of Stalk
Extract Solution at 700 nm
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Figure 10 Zero-order overlaid spectra of ferric—ferrocyanide
for (a) blank solution (b) 125 pg/mL (c) 250 pg/mL
(d) 500 pg/mL (e) 1000 pg/mL (f) 2000 pg/mL
celery stalk ethanol extract solutions

Table 8 Variation of Absorbance with
Concentrations of Root Extract
Solution at 700 nm

: C(;ncI.‘ Abs gﬁt ECso
p an (ng/mL) S (ng/mL)

E 0, (Blank) 0.264 2316
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Figure 11 Zero-order overlaid spectra of ferric—ferrocyanide
for (a) blank solution (b) 125 pg/mL (c) 250 ug/mL
(d) 500 pg/mL (e) 1000 pg/mL (f) 2000 pg/mL
celery root ethanol extract solutions
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Figure 12 Ferric reducing power determination Figure 13 Ferric reducing power determination
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Figure 14 Ferric reducing power determination Figure 15 Ferric reducing power determination
of celery stalk extract solutions of celery root extract solutions

Table9 ECso Values of Ferric Reducing Power for Ascorbic acid and Ethanol
Extract of Celery Leaf, Stalk and Root

ECso (ng/ mL)
Celery Stalk
984

Celery Root
2316

Ascorbic Acid
112

Celery Leaf
2186
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Figure 16 A bar graph of ECso values of ascorbic acid and ethanol crude extracts of leaf,
stalk and root of celery from Kalaw, Shan State, Myanmar

Conclusion

The GC-MS analysis of essential oil of dry leaf of Apium graveolens L. (Celery, Tayoke
Nan-nan) provides nine volatile compounds and fourteen compounds in fresh leaf. Butyl phthalide
derivative compounds are most abundant in dry and fresh leaf essential oils. Senkyunolide as the
main compound among them.

FT IR spectroscopy is an extremely effective method for determination of presence or
absence of a wide variety of functional groups in a molecule. In this study, the absorption
frequencies (cm™) express a variety of functional groups in the essential oil. The prominent peak
at 1751 cm™ for C = O stretching of five member ring ester or lactone agrees with the major
component phthalides in the oil.

The leaf, stalk and root ethanol extracts of A. graveolens (Celery, Tayoke Nan-nan) show
antioxidant activity by ferric reducing power (FRAP) in the decreasing order, stalk, leaf, root,
which is the same order given by DPPH method. The reducing power shows good linear relation
in standard (R? = 0.9181) and all sample extracts (leaf, stalk and root).

The Presence of phthalides and phenolic compounds in the plant, Tayoke nan-nan may be
useful as a medicinal drug in certain miner diseases.
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CONSTITUENTS OF ESSENTIAL OIL, TOTAL PHENOLIC, TOTAL
FLAVONOID CONTENTS AND ANTIOXIDANT ACTIVITY OF
RHIZOME OF CURCUMA CAESIA ROXB. (GA MONE TAIN PYAR)

Kay Khine Nyunt! , Theingi Wint Thu?, Ni Ni Than®

Abstract

The preliminary phytochemical screening of Curcuma caesia Roxb. revealed the presence of
alkaloids, a-amino acids, carbohydrates, flavonoids, glycosides, phenolic compounds, saponins,
starch, tannins, steriods and terpenoids and the absence of cyanogenic glycosides and reducing
sugars. The higher total phenol content (ug GAE/mg) was detected in watery extract (234 ug
GAE/mg) than ethanol extract (164 ug GAE/mg) of the rhizome of C. caesia. The higher total
flavonoid content (ug QE/mg) was detected in ethanol extract (58.3 pg QE /mg) than watery extract
(136.1 pg QE /mg) of the rhizome of C. caesia. The rhizome of C. caesia was found to have
antioxidant activity. 1Cso values of ethanol and watery extracts are 10.31 pg/mL and 56.85 pg/mL
respectively. Antioxidant potency of ethanol and watery extracts were concluded to be mild if
compare with the potency of standard butylated hydroxytoluene (ICso = 6.85 pg/mL). The essential
oil from the rhizome of C. caesia was extracted by steam distillation method. The components of
essential oil were characterized by GC-MS. From resulting data, ten components were observed in
the essential oil of C. caesia, namely eucalyptol, camphor, p-menth-2-en-9-ol, L-a-terpineol,
a-bulnesene, iso-caryophllene, y-muurolene, (5R, 6R)3, 6-dimethyl-5-(prop-1-en-2-yl)-6-vinyl-
4,5,6,7-tetrahydrobenzofuran,  B-elemene  [l-ethenyl-1-methyl-2,4  bis  (prop-1-en-2-yl)
cyclohexane]and B-elemenone.
Keywords: Curcuma caesia Roxb., antioxidant activity, essential oil, total phenol content, total
flavonoid content

Introduction

Curcuma caesia Roxb. (Ga Mone Tain Pyar) is a kind of turmeric with bluish-black
rhizome belonging to Zingiberaceae (Ginger) famil.C.caesia is a perennial herb with bluish-black
rhizome native to Northeast, Central India and Myanmar. The plant grows only in the rainy season
but it dries in other season. However, it can grow in any type of soil like light, well drained, moist,
loamy soil, and light to heavy black soil.

The rhizomes of the plant are aromatic in nature. The inner part of the rhizome is bluish-
black in colour and emits a characteristics sweet smell due to presence of essential oil (Pandey,
2003). The plants are rich source of secondary metabolites such as flavonoids, phenolics,
carotenoids, coumarins, anthraquinones, tannins, terpenoids, saponins that play a prominent role
in inhibiting human carcinogenesis and repair the cell mutations (Ruan, 1989). The part of fresh
rhizome is applied in case of snake and scorpion bite. It is recognized as a medicinal herb to possess
with various properties such as anti-fungal activity, smooth muscle relaxant and anti-asthmatic
activity, bronchodilating activity, antioxidant activity, anxiolytic and CNS depressant activity,
locomotor depressant, anti-convulsant, anthelmintic activity, anti-bacterial activity, anti-ulcer
activity (Kagyung et al., 2010).
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2 MSc. Candidate, Department of Chemistry, Yangon University
3 Professor and Head, Department of Chemistry, Yangon University
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Botanical Aspects of Curcuma caesia Roxb. (Ga Mone Tain Pyar)

Family . Zingiberaceae

Genus : Curcuma

Species . caesia

Botanical Name : Curcuma caesia Roxb.
Myanmar Name : Ga Mone Tain Pyar
English Name . Black Turmeric

Part used . Rhizome

Figure 1 Plant and rhizome of C.caesia

Medicinal Uses of C. caesia

Leaves and rhizomes of C. caesia are used in traditional medicine. It contains more amounts
of flavonoids and terpenoids which are responsible for the main pharmacological activities like
antioxidant, anti-inflammatory, anti-fungal, etc. (Sasikala, 2012).

The rhizome of the plant is aromatic, contains essential oil and used for a variety of purposes
in pharmaceutical and cosmetic industries. The essential oils of C. caesia were also reported to
have more potent antimicrobial, antioxidant, anticancer, and anti-inflammatory activities than the
solvent extract counterparts (Xiang et al., 2018).

Materials and Methods
Sample Collection and Preparation

Several samples of C. caesia collected from Yangon Region, the soil was removed from
the rhizome. The rhizome was carved into very small pieces and allowed to dry well. The dried
pieces were made into powder by using grinding machine. The powdered sample was stored in air-
tight container to prevent moisture changes and other contaminations.

Preliminary Phytochemical Investigation of C. caesia

Phytochemical tests for rhizomeof C. caesia was carried out according to the reported
methods to investigate the presence and absence of phytochemical constituents (M-Tin Wa, 1972).

Determination of Total Phenol Content

One of the antioxidative factors, total phenolic content was measured
spectrophotometrically according to the Folin-Ciocalteu method (Marinova, 2005).

The total phenolic content in each sample was estimated by Folin-Ciocalteu method
according to the procedure described by Marinova (2005). First, 0.5 mL of prepared extract
solution was mixed with 0.5 mL of methanol. Then, 5 mL of FCR reagent (1:10) was added to the
mixture and incubated for 5 min. 4 mL of 1 M sodium carbonate solution was added to each tube
and the tubes were kept at room temperature for 120 min and the UV absorbance of reaction
mixture was read at Amax 765 nm.The blank solution was prepared as the above procedure by using
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distilled water instead of sample solution. Total phenolic content was estimated as milligram gallic
acid equivalents per gram of different extract (ug GAE/ mg).

Determination of Total Flavonoid Content

Total flavonoid content was measured spectrophotometrically according to the AICIs
colorimetric method (Marinova, 2005).

Each extracts solution 0.5 mL was mixed with 1.5 mL of methanol, 0.1 mL of 1 % AICI3
solution and 2.8 mL of distilled water. The absorbance of reaction mixture was read at A-max
415 nm. The blank solution was prepared as the above procedure by using distilled water instead
of sample solution. Total flavonoid content was estimated as milligram quercetin acid equivalent
per gram (g QE/mq) of extract.

Determination of Antioxidant Activity of C. caesia

The antioxidant activity of crude extracts C. caesia was measured by using DPPH free
radical scavenging assay (Marinova, 2011).

DPPH free radical scavenging activity of ethanol and water extracts of rhizome of C. caesia
was determined by UV-Visible spectrophotometer (Marinova, 2011). The control solution was
prepared by mixing 1.5 mL of 0.002 % DPPH solution and 1.5 mL of ethanol in the brown bottle.
The sample solution was also prepared by mixing 1.5 mL of 0.002 % DPPH solution and 1.5 mL
of test sample solution. These bottles were incubated at room temperature and were shaken on
shaker for 30 min. After 30 min, the absorbance of different concentrations (6.25, 12.5, 25, 50, 100
and 200 ug/mL) of tested sample was measured at 517 nm using UV-7420 spectrophotometer.
Absorbance measurements were done in three times for each concentration and the mean value so
obtained were used to calculate percentage of radical scavenging activity (% RSA).

Extraction of Essential Oil from the Rhizome of C. caesia

The sample of the fresh rhizome of C. caesia (100 g) was placed in the glass jacket. The
glass jacket is filled with distilled water. The glass jacket was fitted to set which was joined to
water condenser. When the glass jacket was heated, the condensed oil and water coming out from
condenser will collected in the receiver flask. The oil was extracted with n-hexane in a separating
funnel. The n-hexane was evaporated at 60-70 °C to get the essential oil which was then weighed
until to be constant weight and kept in air tight bottle (Srivastava, 2003).

Organic Compounds in Essential Oil from the Rhizome of C. caesia

Organic constituents in essential oil from the rhizome of C. caesia were detected by GC-
MS Spectroscopic Method at National Analytical Laboratory, Department of Research and
Innovation.

Results and Discussion
Phytochemical Constituents of C. caesia

The phytochemical tests were done on the rhizome with a view to determine the presence
or absence of phytochemical constitutents in C. caesia. From the result, alkaloids, a-amino acids,
carbohydrates, flavonoids, glycosides, phenolic compounds, saponins, starch, tannins, steroids and
terpenoids are present but cyanogenic glycosides and reducing sugars are absence.
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Total Phenol Content of Crude Extracts of C. caesia

The determination of the quantity of phenolic compound was very important in order to
determine the antioxidant capacity of sample. Ethanol and watery extracts of C. caesia contained
large quantities of essential oil contents. The highest content of essential oil can be found on the
detection of total phenol content of the sample. The total phenol content of ethanol and watery
extracts of rhizome of C. caesia are shown in Table 1. According to the results, the total phenolic
content of watery extract (234 pg GAE/mg) was higher than ethanol extract (164 ug GAE/mg) of
C. caesia. Comparison of TPC in ethanol and watery extracts of rhizome of C. caesia are
represented by a bar graph in Figure 2.

Table 1 Total Phenolic Contents of Ethanol and Watery Extracts of C. caesia

Tested samples Total phenol content (ug GAE/mg of extract)
Ethanol extract 164
Watery extract 234
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Ethanol extract Watery extract
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Figure 2 Total phenol contents of the crude extracts of C. caesia

Total Flavonoid Contents of Crude Extracts of C. caesia

In this study, high flavonoid contents have been found to exert high antioxidant potential.
The total flavonoid contents of ethanol and watery extracts of rhizome of C. caesia are shown in
Table 2. The higher TFC (ug QE/mg) was detected in ethanol (136.1 pg QE/mg) than water
(58.3 pg QE/mg) extracts of rhizome of C. caesia. According to result, flavonoid compounds were
more soluble in ethanol. The different structures and substitutions of flavonoid influence the
phenoxyl radical stability, thereby affecting the antioxidant properties of the flavonoids.
Comparison of total flavonoid content in ethanol and watery extracts of rhizome of C. caesia are
represented by a bar graph in Figure 3.

Table 2 Total Flavonoid Contents of Ethanol and Watery Extracts of C. caesia

Tested samples Total flavonoid content (ng QE/mg of extract)

Ethanol extract 136.1
Watery extract 58.3
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Figure 3 Total flavonoid contents of the crude extracts of C. caesia

Antioxidant Activity of C. caesia

From the antioxidant activity results, rhizome of C. caesia was found to have radical
scavenging activity. ICso values of ethanol and watery extracts are 10.31 and 56.85 pg/mL,
respectively. So, watery extract has less antioxidant activity than the ethanol extract. All extracts
showed lower antioxidant activity when compared to the standard butylated hydroxytoluene
(ICso = 6.85 pg/mL). The ICso values of ethanol and watery extracts of rhizome of C. caesia and
standard butylated hydroxytoluene (BHT) are shown in Table 3 and Figure 4.

Table 3 1Cso Values of Crude Extracts from Rhizome of C. caesia and Standard BHT

Samples 1Cs0 (ng/mL)
Ethanol 10.31
Watery 56.24
BHT 6.85
60 -
- _
= 50
S 40 -
o 30 -
O
— 20 -
10 -
. _ m
Ethanol extract Watery extract BHT
Test sample

Figure 4 1Csp values of the crude extracts of C. caesia and standard BHT

Composition of Essential Oil of C. caesia

Gas chromatographic-mass spectrometry (GC-MS) is the single most important tool or
identification of unknown organic compounds by matching with reference spectra. The GC-MS
chromatogram of essential oil from the rhizome of C. caesia is showed in Figure 5, Figure 6.
Retention indices of the detected compounds were calculated and characterized based on their
peaks comparison with reference literature values were shown in Table 1.



56

J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A

According to GC-MS chromatogram, ten compounds were identified from the C. caesiais.
The compounds identified are eucalyptol, C10H180 (m/z 154), camphor Ci0H160 (m/z 152),
p-menth-2-en-9-ol, C1oH180 (M/z 154), L-a -terpineol, C10H180 (m/z 154), a-bulnesene, CisHo2s
(m/z 204), iso-caryophyllene, CisH2s4 (m/z 204), y- muurolene, CisHx4 (m/z 204), (5R,6R)3,

6-dimethyl-5-(prop-1-en-2-yl)-6-vinyl-4,5,6,7-tetrahydrobenzofuran,

CisH200 (m/z  216),

B-elemene [1-ethenyl-1-methyl-2,4bis( prop-1-en-2-yl) cyclohexane], CisHzs, (m/z 204) and

B-elemenone, C15H200, (m/z 218).

The following compounds such as eucalyptol, camphor, L-a -terpineol, o -bulnesene, iso-

caryophyllene,y-muurolene,(5R,6R)3,6-dimethyl-5-(prop-1-en-2-yl)-6-vinyl-4,5,6,7

tetrahydro

-benzofuran, B-elemenone, are in agreement with the reported data whereas, p-menth-2-en-9-ol
and B-elemene [1-ethenyl-1-methyl-2,4bis( prop-1-en-2-yl) cyclohexane] were absent. This could
be due to their geographical variations and the related environmental factors in Myanmar.
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Figure 5 Total ion chromatogram of essential oil from C. caesia
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Figure 6 Comparison of the El mass spectra of compounds and databank from essential oil of C.

caesia

Table 4 Chemical Compositions of Essential Oil from the Rhizome of C. caesia

No Compounds from Compounds from Molecular  Retention Time
' C.caesia Curcuma Species * Weight (min)
1  Eucalyptol Eucalyptol 154 5.78
2  Camphor Camphor 152 9.82
3  p-Menth-2-en-9-ol 154 10.54
4 L-o-terpineol L- o -terpineol 154 12
5  o- bulnesene a -bulnesene 204 22.29
6  iso-caryophyllene iso-caryophyllene 204 24.58
7 vy -muurolene y -muurolene 204 26.48
8 (5R,6R)3,6-dimethyl- (5R,6R)3,6-dimethyl- 216 26.99
5-(prop-1-en-2-yl)-6-  5-(prop-1-en-2-yl)-6-
vinyl-4,5,6,7- vinyl-4,5,6,7-
tetrahydrobenzofuran, tetrahydrobenzofuran,
9  pB-elemene [1- 204 28.46
ethenyl-1-methyl-2,4
bis ( prop-1-en-2-yl)
cyclohexane]
10 p-elemenone B-elemenone 218 30.97

MW=Molecular Weight* Dosoky, 2018

Conclusion

In this study, investigation of phytochemical constituents, total phenolic content, total
flavonoid content and organic compounds from essential oil of the rhizome of C. caesia were
reported.

The result of preliminary phytochemical screening of different crude extracts of C. caesia
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revealed the presence of alkaloids, amino acids, carbohydrates, flavonoids, glycosides, organic
acids, phenolic compounds, saponin, starch, tannins, steroids and terpenoids and the absence of
cyanogenic glycosides and reducing sugars.

The higher TPC was detected in watery extract (234 ug GAE/mg) than ethanol extract
(164 pg GAE/mg) of the rhizome of C. caesia. From the result data, phenolic compounds of C.
caesia were more soluble in water.

The higher TFC was detected in ethanol extract (136.1 pg QE/mg) than watery extract
(58.3 ug QE/mg) of the rhizome of C. caesia. From the experimental data, flavonoid compounds
were more soluble in ethanol.

The rhizome of C.caesia. is found to have antioxidant activity. 1Cso values of ethanol and
watery extracts are 10.31 ug/mL and 56.24 ug/mL, respectively. Antioxidant potency of ethanol
extract significantly higher than watery extract of C.caesia. Radical scavenging activity both
extracts were concluded to be mild if compare with the potency of standard butylated
hydroxytoluene (1Cso = 6.85 pg/mL).

The components of essential oil from C.caesia. are analyzed by GC-MS. From resulted
data, ten components namely eucalyptol, camphor, p-menth-2-en-9-ol, L-a-terpineol, a-bulnesene,
iso-caryophyllene, y- muurolene, (5R,6R)3,6-dimethyl-5-(prop-1-en-2-yl)-6-vinyl-4,5,6,7-
tetrahydrobenzofuran, B-elemene [1-ethenyl-1-methyl-2,4bis(prop-1-en-2-yl) cyclohexane] and
B-elemenone were identified from essential oil of C. caesia.

From the research data, rhizome of C. caesia. possess antioxidant activity and may
probably derived from compounds such as flavonoids and phenols. Organic compounds from
essential oil should be useful in the formulation of traditional medicine. This primary information
will help in conducting further studies for identification of chemical constituent, medicinal uses of
essential oil components and their effectiveness in medicine.
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ISOLATION, CULTURE AND CHARACTERIZATION OF LACTIC ACID
BACTERIA FROM KEFIR GRAINS FERMENTED MILK

Aye Khaing Soe!, Phyu Phyu Win?, Saw Hla Myint?

Abstract

Kefir or kephir is a fermented milk drink similar to a thin yogurt that is made from kefir grains, a
specific type of mesophilic symbiotic culture. Home-made kefir has been improved using various
natural substrates such as milk, coconut water, and fruits such as grape, apple and dragon fruits. The
present study includes isolation, culture and characterization of lactic acid bacteria from milk kefir.
The isolated bacteria strain was characterized by gram staining and biochemical tests. The observed
background color of the selected isolated bacteria strain is violet for gram staining, the isolated
bacteria strain may be gram positive. From direct isolation from milk kefir, the isolated bacteria
were negative for motility, indole, gelatin, citrate utilization, catalase, VVoges-Proskauer, nitrate
reduction, urease, starch hydrolysis tests, sugar fermentation test and methyl red test. For the result
obtained, the most of biochemical tests for all bacteria slants were agree with reported literature data
for lactic acid bacteria.

Keywords: kefir, lactic acid bacteria, fermentation, milk, biochemical tests

Introduction

Microorganisms play an essential role in the food fermentations. Lactobacillus is also
formed in some fermented foods like yogurt and in dietary supplements. Fermentation is one of
the oldest and most economical method used in food preservation. The properties of fermented
milks (curd, yoghurt, kefir, Kumis, etc.) with their nutritional values have driven a considerable
interest (Lim et al., 2007).

Kefir is an alcoholic, fermented milk beverage produced by the fermentation of kefir grains,
which contain lactic acid bacteria, acetic acid bacteria, and yeasts. It originated from Caucasus
mountain in former Soviet Union, central Asia. Milk Kefir is made with cow milk, goat milk, or
coconut milk. Starter culture is prepared from kefir grains, Lactobacillus kefiranofaciens, and
species of the genera Leuconostoc, Lactococcus, and Acetobacter growing in a strong specific
relationship. Kefir has a tart, creamy flavor, and it is loaded with probiotic health benefits. It is safe
for most people to consume, and a single serving is full of vitamins and probiotics. It is safe to
consume daily, and it may help create and maintain a healthy balance of good bacteria in multiple
systems within the body (Farnworth, 2005).

Probiotic bacteria found in kefir products include: Lactobacillus acidophilus,
Bifidobacterium bifidum, Streptococcus thermophilus, Lactobacillus delbrueckii subsp.
bulgaricus, Lactobacillus helveticus, Lactobacillus kefiranofaciens, Lactococcus lactis, and
Leuconostoc species. Lactobacilli in kefir may exist in concentrations varying from approximately
1 million to 1 billion colony-forming units per milliliter, and are the bacteria responsible for the
synthesis of the polysaccharide kefiran (Oliveira et al., 2013).

Lactic acid bacteria comprise a group of bacteria that are united by a constellation of
morphological, metabolic and physiological characteristics. The genera Lactobacillus,
Lactococcus, Leuconostoc, Pediococcus, and Streptococcus are important members of this group
(Batt, 2000). Lactic acid bacteria are an order of gram-positive, either rod-shaped (bacilli) or
spherical (cocci) bacteria that share common metabolic and physiological characteristics. These
bacteria, usually found in decomposing plants and milk products, produce lactic acid as the major
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metabolic end product of carbohydrate fermentation. The lactic acid bacteria are found in foods
(dairy products, fermented meat, sour dough, fermented vegetables, beverages- including wine and
kefir). Health benefits of lactic acid bacteria are known to give positive influence in the
gastrointestinal of humans (Chen et al., 2010).

In the present research work, the lactic acid bacteria were isolated from milk kefir by direct
isolation method and isolated bacteria strains were identified by gram staining method and
biochemical tests (Breed et al., 1957).

Materials and Methods

Firstly, sampling of milk kefir grains and processing of milk kefir were performed. Then,
the lactic acid bacteria were culture by serial dilution and isolated after fermentation. The isolated
bacteria were characterized by gram staining method and biochemical test. In this study,
microbiological work was conducted in the Fermentation Department, Pharmaceutical Research
Department, Ministry of Industry 1, Yangon Region.

Sample Collection
Milk kefir grains (Figure 1) was purchased from the NIHON KEFIA Co., Ltd, Japan.

Figure 1 milk kefir grains
Processing of Milk Kefir

Milk kefir grains (ca. 4 g) were added in a jar and then fresh milk
(250 mL) was added. The glass jar was sealed with clean clothes and allowed to culture for 12 to
48 h at room temperature, then the kefir grains were removed, resulting the milk kefir recipes
(Figure 2).

A

Figure 2 Preparation of milk kefir recipes

Tomato juice medium

About 2 g of agar, 1 g of yeast extract, 1 g of dextrose, 0.05 g of dipotassium phosphate,
0.02 g of monopotassium phosphate, 0.02 g of magnesium sulphate, 0.001 g of manganese
sulphate, 0.001 g of ferrous sulphate, 0.001 g of sodium chloride, 2 mL of tomato juice were mixed
with 100 mL of distilled water (pH 6.7). The mixture was boiled on hot plate, sterilized in sterilizer
(121°C), cooled and transferred 20 mL to each petridish (Atlas, 1993).
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Isolation of Lactobacillus Species by Serial Dilution Method and Streaking Method

One gram of sample was added into a conical flask containing 99 mL of sterile distilled
water to make a dilution ratio of 1:100. The mixture was shaken for about 5 min. 1 mL of each
serially diluted solution was added to 9 mL of sterilized distilled water for each sample to conduct
bacteriological analysis. After four serial dilutions, 1 mL of each dilution level was inoculated
immediately on to sterile petri dishes containing 25 mL of Rogosa and tomato juice agar media
inside a clean bench under laminar flow. Each dilution was prepared in two sets, one for
heterotrophic viable count and another for isolation and identification. The inoculated plates were
isolated in clockwise and anti-clockwise directions to distribute the inoculums on the surface the
medium and incubated at 37 °C for 24-72 h. The colonies that developed on the inoculated plates
were observed under microscope and streaked selectively as pure strain to new set of petri dishes
containing the same Rogosa and tomato juice agar media and, incubated at 37 °C for 24-72 h,
bacteria slant cultures were obtained. From these culture slants, MK-1 and MK-2 were selected.
(Collin et al., 1995; Dubey and Maheshwari, 2002).

Identification of the Isolated Lactobacillus Species

Identification of each isolate (MK-1 and MK-2) of bacteria up to genus level was carried
by the gram staining method and biochemical tests.

Determination of Staining Characteristics by Gram’s Stain

Preparations for staining were made on microscopic slides, which were cleaned by
immersion in chromic acid and then washing with water. The clean slide was held with a pair of
forceps and dried by passing through the flame of spirit burner. A drop of sterile distilled water
was placed on the perfectly clean slide. A loopful of pure isolated colony from plate was taken
with a sterile inoculating loop and mixed with sterile distilled water on the slide. Subsequently the
slide was dried by passing quickly through the flame of a spirit burner. The slide was then flooded
with crystal violet solution for 1 min, washed thoroughly under tap water, and then smeared with
iodine solution for 1 min. It was then decolorized with acetone/alcohol and washed with water.
Counter staining with safranin was done for about 20-30 s and washed with water and dried by
blotting paper and examined under a compound microscope for cell morphology.

Biochemical Tests
Motility test

Motility stab agar was prepared and inoculated with isolated bacteria for 2 days at room
temperature. If the tube was turbid, this indicated that isolated bacteria were motile (Atlas, 1993).

Citrate utilization test

A loopful of isolated bacteria was inoculated into the surface of citrate slant medium by
even spreading and incubated at 27 °C for 5 days. After this period, the appearance of a blue colour
on the citrate slant agar medium indicated a positive citrate utilization test (Cruickshank et al.,
1968).

Indole test

The isolated bacteria were inoculated in the peptone water medium and incubated at room
temperature for 48 h. After this period for the occurrence of indole reaction, 0.5 mL of Kovac’s
reagent was added to the test tubes and was shaken gently. If the pink layer could occur within a
few seconds in the alcoholic layer, the indole test was positive and a yellow layer develop and the
indole test was taken as negative one.
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Nitrate reduction test

A loopful of isolated bacteria was inoculated into the nitrate medium and incubated for
96 h at 27 °C. After incubation, one drop each of the test reagent was added to the test culture. A
red colour developing within a few min was indicative of a positive nitrate reduction test (Cowan,
1974).

Methyl red test

Glucose phosphate peptone broth medium was inoculated and incubated at room
temperature for 48 h. It is detecting on organisms that does not convert acidic products to neutral
products and produces final pH lower than that of organisms producing neutral products. Because
of lower pH, the addition of methyl red indicator changes to a red colour as positive reaction (Bisen
and Verma, 1998).

Voges-Proskauer test

After autoclaving, the solution was cooled and 5 mL of sterile glucose solution added
quickly to it near the flame of a spirit burner to get glucose phosphate peptone-water medium. The
medium was distributed to each of the sterile test tubes in 5 mL amounts. A loopful of isolated
bacteria was inoculated into the glucose phosphate peptone-water medium and incubated at 24 °C
for 48 h. After incubation for Voges-Proskauer reaction, 1 mL of 40 % potassium hydroxide
solution and 3 mL of 5 % a-naphthol in absolute ethanol solution were added to the test culture
and shaken quickly. The development of a pink colour in 2 to 5 min was indicative of a positive
VP test (Cruickshank et al., 1968).

Gelatin liquefaction test

A loopful of bacteria was inoculated into gelatin agar medium and incubated at 27 °C for
72 h. Then, they were stored in refrigerator for 30 min. If the medium was liquid, they would be
positive in gelatin liquefaction.

Catalase test

A few drops of 3 % hydrogen peroxide (H202) solution was added onto each slide
containing strain and watched for immediate signs of bubbling, which represented positive test;
absence of bubbles indicated a negative test (Salle, 1948).

Urease test

The broth medium is inoculated with a loopful of a pure culture of the test organism and
incubated the test tube at 37 °C for 48 h. The phenol red indicator will turn to pink due to alkaline
nature of the medium because of ammonia production (Dubey and Maheshwari, 2002).

Starch hydrolysis test

Isolated bacteria were streaked on starch agar medium and allowed it to grow at 37 °C for
48 h. lodine solution was poured on the plates. If the area around streaked culture remains clear it
indicated the degradation of starch had occurred due to production of amylase (Dubey and
Masheshwari, 2002).

Sugar fermentation test

Fermentation medium (10 mL) containing 1 % each of sugars such as glucose, lactose,
maltose and sucrose were separately added into the test tubes and each with an inverted Durham
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tube. The medium was sterilized at 121 °C for 15 min, which were then inoculated with isolated
bacteria and incubated for 48 h. (Cruickshank et al., 1968).

Results and Discussion

The results and discussion consist of two parts. The first part concerned with isolation of
Lactobacillus species from milk kefir sample by serial dilution method. The second part includes
the identification of Lactobacillus species from milk kefir sample by gram staining method and
biochemical tests.

Isolation and Identification of Lactobacillus Species from Milk Kefir Sample

Isolation of Lactobacillus species from milk kefir sample

In the dilution method contained in the procedure, single colonies of isolated bacteria
appeared on each of the four tomato juice agar plates with different dilution after incubation for
4 days (Figure 4). The colony from each dilution (plate) was transferred to each tomato juice agar
slant for culture.

Figure 3 Photograph showing the isolation and culture of Lactobacillus species from mil kefir
(i) Streaking for isolation of Lactobacillus species colony
(ii) Slant culture of isolated Lactobacillus species

incubated for 72 h

transferred to
tomato agar slants

Figure 4 Photograph showing the single colony of isolated bacteria from milk kefir by dilution
method
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Identification of Lactobacillus species from milk kefir sample

Gram staining
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Figure5  Gram staining for bacteria strain isolated from milk kefir sample

The isolation and identification of Lactobacillus species from milk kefir were conducted.
Two bacterial strains (MK-1 and MK-2) from 24 h incubation period was isolated, purified and
identified. The colony character of isolates (MK-1) was cream colour, circular shape and MK-2
was creamish-white color and irregular shape.

The observed background colour is violet for gram staining for bacteria strain isolated from
MK-1 and MK-2 sample. Therefore, the isolated bacteria were gram positive bacteria.

Biochemical characteristics of Lactobacillus species from milk kefir sample

The identification of genus level, two isolated bacteria were carried out by biochemical
tests. All isolated Lactobacillus species from milk kefir were negative results in motility test, indole
test, methyl red test, gelatin liquefaction test, citrate utilization test, nitrate reduction test, catalase
test, Voges-Proskauer test, urease test and starch hydrolysis test. These results were in accordance
with those revealed in Bergey’s Manual of Determinative Bacteriology (Breed et al., 1957). From
the result of biochemical tests, the most of biochemical tests for all bacteria slants were agree with
the reported literature data for lactic acid bacteria.

These results are shown in Table 1.

Table 1 Biochemical Characteristics of Lactobacillus Species from Milk Kefir Samples

Biochemical Tests
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—
MK -1 - - - - - - - - -
MK -2 - - - - - - - - -

+ = positive reaction, - = negative reaction

In the sugar fermentation test (glucose, lactose, maltose and sucrose) were used. All isolate
showed negative results. These results were also similar to the result showed in Bergey’s Manual
of Determinative Bacteriology (Breed et al., 1957). The results of sugar fermentation test are
presented in Table 2.
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Table 2 Sugar Fermentation Tests of Lactobacillus Species from Milk Kefir Samples

. . Sugar test
Bacteria strain
Glucose Maltose Lactose Sucrose
MK-1 - - - -
MK-2 - - - -
Conclusion

In the present study, the selected bacteria strains were isolated by using tomato juice agar
medium from milk kefir samples. These strains were identified by biochemical characteristics
using Bergey’s Manual of Determinative Bacteriology (Breed et al., 1957). From the study of
identification of isolated bacteria, the observed background color of selected isolated bacteria
strain is violet for gram staining reaction showed the isolated bacteria is gram positive bacteria.

From the biochemical tests, all isolated Lactobacillus species provided negative results in
motility test, indole test, methyl red test, gelatin liquefaction test, citrate utilization test, nitrate
reduction test, catalase test, \Voges-Proskauer test, urease test and starch hydrolysis test. From the
result of biochemical tests, the most of biochemical tests for all bacteria slants were agree with
reported literature data for lactic acid bacteria.

In the results of sugar fermentation tests in milk kefir samples, all isolates were found to
ferment glucose, lactose, maltose and sucrose. According to the gram staining and biochemical
tests, the isolated bacteria is lactic acid bacteria.
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STUDY ON THE ANTI-ARTHRITIS PROPERTY OF CROTON
OBLONGIFOLIUS R. (THETYIN-GYI) LEAVES BY USING
PROTEIN DENATURATION METHOD

Myint Myint Khin?, Eaint Thet Myo?, May Lay Nge®, Daw Hla Ngwe*

Abstract

Leaves of Croton oblongifolius R. (Thetyin-gyi) have been known to use in Myanmar traditional
medicine concerning antioxidant, anti-arthritis and antimicrobial activities. Therefore, locally grown
C. oblongifolius has been chosen for this study. This research aimed to investigate the anti-arthritis
activities of the leaves of C. oblongifolius (Thetyin-gyi). In the present work, anti-arthritis activity
and cytotoxicity of the Thetyin-gyi leaves have been determined. The sample was collected from
the campus of Inya hostel in Yangon University. The cytotoxicity of watery and ethanol extracts
evaluated by brine shrimp cytotoxicity bioassay gave LDsg values as 921 pg/mL and 884.5 pg/mL,
respectively. The LDs value of K,Cr,O7 was 1.5 pg/mL and its cytotoxicity values were between
1 and 10 pg/mL. In vitro anti-arthritic activity of ethanol and watery extracts of leaves of Thetyin-
gyi was investigated by protein denaturation method by using bovine serum albumin and egg
albumin. In both methods, the ethanol extract has shown significant activity at the concentrations of
500 pg/mL and the effects were compared with the standard drug diclofenac potassium. So, the
ethanol extract of C. oblongifolius have higher anti-arthritic activity than watery extract.

Keywords: C. oblongifolius, cytotoxicity, anti-arthritic activity and diclofenac potassium

Introduction

C. oblongifolius (Euphorbiaceae) is a tree available in most places in our country.
Traditionally, this plant is employed as wound healing drug in Asia. In Myanmar, the utilization
of different parts of several medicinal plants to cure specific aliments has been in vague from
ancient times. These systems of drug cater to the requirement of nearly seventy percent of our
population residing in the villages. In Homeopathy system, 70 % of the medicines are synthesized
from the plants. Extracts of plants from 157 families have been reported to be active against
microorganisms. C. oblongifolius is extensively used in herbal medicine in South- East Asia. It
may be an important herbal drug with some important marker useful to treat some challenging
diseases to marking in future life (Mandal and Bose, 2011). The present work is to study the effect
of anti-arthritis property of C. oblongifolius leaves by protein denaturation method by using bovine
serum albumin and egg albumin.

Description and Distribution of C. Oblongifolius

C. oblongifolius is a medium sized tree, deciduous, bark brownish, branches lepidote while
young. Leaves are alternate, crowded towards the ends of the branchlets (Saleem and Nawaz,
1989). Croton is a genus of Euphorbiaceae comprising around 1300 species, wide spread in tropical
regions. Several species have an extended role in traditional medicine in Africa, Asia and South
America. C. oblongifolius popularly known as ‘Thetyin-gyi’ in Myanmar and ‘Chucka’ in Hindi
is middle-sized tree belonging to the family Euphorbiaceae. It grows widely in India (Bahar et al.,
2002).
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Botanical Aspect of C. oblongifolius (Thetyin-gyi)

Family - Euphorbiaceae

Genus - Croton

Species - oblongifolius

Botanical name - Croton oblongifolius R.
Myanmar name - Thetyin-gyi

Common name - Chucka

Part used - Leaves

Figure 1 Photograph of Plant of C. oblongifolius (Thetyin-gyi)

Medicinal Uses and Chemical Constituents of C. oblongifolius (Thetyin-gyi)

C. oblongifolius is extensively used in herbal medicine in South-East Asia. C. oblongifolius
is used to cure liver diseases, sprains, snake bites and as a purgative, insanity, convulsions, asthma,
tumors, rheumatism as documented in the Indian Ayurveda medicine system. Bark is used in
reducing chronic enlargement of the liver and in remittent fever. It is applied externally to the
hepatic region in chronic hepatitis (Julius and Patrick, 1976).

Cembranoid diterpenes, namely crotomembraneic acid, neocrotocembraneic acid,
poilaneicacid and their synthetic derivatives including methyl crotocembraneate, crotocembranol,
crotocembranol, neocrotocembranal, methyl poilaneate, poilaneol and poilanal were isolated from
C. oblongifolius. They are approximately 4-fold more active than caffeine which is a known central
nervous stimulating agent (Bhowmik et al., 2013).

Materials and Methods
Sample Collection and Preparation of C. oblongifolius (Thetyin-gyi)

Leaves of C. oblongifolius (Thetyin-gyi) were collected from the campus of Inya hostel in
Yangon University. Then, the sample was identified at the Department of Botany, University of
Yangon. The sample was cleaned by washing with water and air-dried at room temperature. The
sample were cut into small pieces and ground into powder by using motor. The powdered samples
were stored in air-tight containers.
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Preliminary Phytochemical Investigation of Leaves of C. oblongifolius R. (Thetyin-gyi).

Phytochemical tests for leaves of Croton oblongifolius Roxb. (Thetyin-gyi) was carried out
according to the reported methods to investigate the presence and absence of phytochemical
constituents such as alkaloids, a-amino acids, carbohydrates, cyanogenic glycosides, organic acids,
flavonoids, glycosides, organic acids, phenolic compounds, reducing sugars, saponins, starch,
steroids, tannins and terpenoids.

Preparation of Ethanol and Watery Extracts from C. oblongifolius R.
(Thetyin-gyi)

The dried powder sample (100 g) was percolated with 95 % ethanol (500 mL) for one week
and filtered. This procedure was repeated for three times. The combined filtrate containing plant
constituents were evaporated under reduced pressure by means of a rotary evaporator.
Consequently, 95 % ethanol soluble extract was obtained. Watery extract was prepared by boiling
100 g of sample with 500 mL of distilled water for 6 h and filtered. It was repeated three times and
the filtrates were combined followed by heating on water bath and sand bath to give watery extract.
Each extract was stored in refrigerator for screening of biological activities.

Determination of Cytotoxicity by Brine Shrimp Lethality Bioassay of C. oblongifolius
(Thetyin-gyi)

Artificial sea water (9 mL), (1 mL) of different concentrations of samples and standard
solutions were added to each chamber of ice tray. Alive brine shrimp (10 nauplii) were taken with
pasteur pipette and placed into each chamber. They were incubated at room temperature about
24 h. After 24 h, the number of dead or survive brine shrimp was counted and 50 % of lethality
dose (LDsp) was calculated (Sahagal et al., 2010).

Investigation of Anti-arthritic Activity of Leaves of C.oblongifolius (Thetyin-gyi) by Protein
Denaturation Method

The in vitro anti-arthritic activity was studied by protein denaturation method using Bovine
Serum Albumin and Egg Albumin (Rahman et al., 2012). Test solution 0.05 mL of different
concentrations (500, 250 and 125 pug/mL) and standard drug diclofenac potassium 0.05 mL of
different concentrations (500, 250 and 125 pg/mL) were mixed with (0.5 % v/v) aqueous solution
of BSA (0.45 mL). Then, the samples were incubated at 37 °C for 30 min followed by incubation
at 57 °C for 3 min. 2.5 mL of phosphate buffer (pH 6.3) was added to all the above samples after
cooling. UV-visible spectrophotometer was used to measure the absorbance at 660 nm. The control
represents 100 % protein denaturation. The percentage inhibition of protein denaturation was
calculated by the following formula:

Abs — Abs
Control Treatedx 100 %

Percent inhibition =
Abscontrol

The reaction mixture (5 mL) consisted of 0.2 mL of egg albumin, 2.8 mL of phosphate
buffered saline (pH 6.4) and test solution of different concentrations (500, 250 and 125 pg/mL) or
standard drug diclofenac potassium 0.05 mL of different concentrations (500, 250 and 125 pg/mL)
were mixed to form a reaction mixture of 5 mL. Double distilled water of same volume served
as control. The samples were incubated at 372 °C in an incubator for 15 min followed by heating
at 70 °C for 5 min. UV-Visible spectrophotometer was used to measure the absorbance at 660 nm.
The percentage inhibition of protein denaturation was calculated by the following formula:

Abs — Abs
Control Treated>< 100 %

Percent inhibition =
Abscontrol
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Results and Discussion
Preliminary Phytochemical Tests on the Leaves of Croton oblongifolius R. (Thetyin-gyi)

A literature survey indicated that a more systematic work needs to be carried out on the
preliminary phytochemical studies of the leaves of Croton oblongifolius R. (Thetyin-gyi). The
results of the preliminary phytochemical screening revealed the presence of alkaloids, a-amino
acids, flavonoids, glycosides, phenolic compounds, reducing sugars, saponins, starchs, steroids,
tannins and terpenoids supporting the reason of its biological activities.

Cytotoxicity of Watery and Ethanol Extracts of Leaves of C. oblongifolius (Thetyin-gyi)

The cytotoxicity of watery and ethanol extracts of leaves of C. oblongifolius (Thetyin-gyi)
was evaluated by brine shrimp cytotoxicity bioassay. This assay is a simple, high throughput
cytotoxicity test of bioactive chemicals. It is based on the killing ability of test sample on a simple
zoological organism-brine shrimp (Artemiasalina). It is a preliminary toxicity screen for further
experiments on mammalian animal models. The cytotoxicity of crude extracts was expressed in
terms of mean + SEM (standard error mean) and LDso (50 % Lethality Dose) and the results are
shown in Table 1.

In this experiment, potassium dichromate (K2Cr.O7) and caffeine were used as standard.
Potassium dichromate is generally used as the positive control for this brine shrimp bioassay and
caffeine, a natural product, DMSO and artificial sea water, as negative control. The nauplli were
counted against a lighted background after 24 h initiation of test. From these results, LDsg values
of watery and ethanol extracts of Thetyin-gyi were 921 pg/mL and 884.5 pg/mL respectively.
Standard caffeine did not show cytotoxicity until 1000 pg/mL concentration whereas LDso of
standard K2Cr.O7was 1.5 pg/mL.

Table 1 Cytotoxicity of Different Doses of Watery and Ethanol Extracts of the Leaves of C.
oblongifolius (Thetyin-gyi)

Percent Survival of Brine Shrimp (Mean + SEM) LD
Sample at Various Concentrations (ug/mL) y 5OL
1 10 100 000 (Ho/mL)
watery  26.03+12.33 29.47+6.694 31.11+1.925 51.85+10.5 921
ethanol 27.3+£6.757 28.97+3.806 32.82+4.885 53.33+5.774 8845
*KoCro0O7 48.63+19.19 73.13+4.076 74.67+11.8 100+ 0 15

**Caffeine 0+0 0+0 9.582+0.917 12.73+4.103 >1000

* = Standard for positive control
** = Standard for negative control

In Vitro Anti-arthritic Activity of Leaves of C. oblongifolius (Thetyin-gyi)

Arthritis is a type of joint disorder that involves inflammation of one or more joints,
accountable for pain, swelling, stiffness, loss of function in joint. One of the main reasons of the
arthritis is denaturation of protein. In certain arthritic diseases, auto antigen is produced due to the
denaturation of protein. The mechanism of denaturation is probably involved in the alteration of
electrostatic hydrogen, hydrophobic and disulphide bonding. In the present study, protein
denaturation method (using bovine serum albumin and egg albumin) were selected for in vitro
assessment of anti-arthritic activity of watery and ethanol extracts of leaves of C. oblongifolius
(Thetyin-gyi). The standard anti-arthritic activity drug; diclofenac potassium was used for these
tests. The absorbance at different concentrations (500, 250 and 125 pg/mL) of tested samples was
measured at 660 nm on a UV-visible spectrophotometer.
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The in vitro anti-arthritic activity of watery and ethanol extracts of C. oblongifolius by
protein denaturation method using bovine serum albumin was shown in Table 2 and Figure 2. The
watery and ethanol extracts of C. oblongifolius and diclofenac potassium was tested at different
concentrations for anti-arthritic activity and found significant percentage inhibition in protein
denaturation. The maximum anti-arthritic activity was observed at the concentration of 500 pg/mL
while the minimum activity was observed in the concentration of 125 ug/mL. According to the
result, the percentage of arthritic protection was found to be 78.71 % in ethanol, 33.91 % in watery
extracts and 83.66 % in diclofenac potassium at the concentration of 500 pg/mL in bovine serum
albumin denaturation method. Both extracts exhibited dose dependent response. Similar type of
results was observed in the protein denaturation method using egg albumin is shown in Table 3
and Figure 3. According to the result, the inhibition percentage of protein denaturation of egg
albumin was found to be 53.02 % in ethanol, 36.12 % in watery extracts and 87.41 % in diclofenac
potassium at the concentration of 500 pg/mL.

From this result, it can be stated that these extracts are capable of controlling the production
of auto antigen to inhibit the denaturation of protein. The percent inhibition of protein denaturation
of leaves of Thetyin-gyi and reference drug with respect to control indicated the stabilization of
albumin protein. This anti-denaturation effect was further supported by the change in viscosities.
It has been reported that the viscosities of protein solutions increase on denaturation.

Table 2 Anti-arthritic Activity of Watery and Ethanol Extracts of Leaves of C. oblongifolius
(Thetyin-gyi) by Protein Denaturation Method (Using Bovine Serum Albumin)

Concentration Absorbance

o o
Extracts (ng/mL) at 660 nm Yo Inhibition
Control 0.202

125 - -
Watery 250 0.16 19.8
500 0.13 33.91
125 0.07 62.62
Ethanol 250 0.06 69.30
500 0.04 78.71
125 - -
Diclofenac potassium 250 0.08 59.57
500 0.03 83.66
® 125 pg/mL
90 -
S 80 - m 250 pg/mL
= 70 A
S 60 - 500 pg/mL
= 50 -
S 40 -
S 30 -
20 -
S
0
Watery Ethanol Diclofenac
potassium
Sample

Figure 2 % Inhibition of protein denaturation of leave extracts and standard diclofenac
potassium by using bovine serum albumin
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Table 3 Anti-arthritic Activity of Watery and Ethanol Extracts of Leaves of C.
oblongifolius (Thetyin-gyi) by Protein Denaturation Method (Using Egg Albumin)

Extracts Concentration (ug/mL)  Absorbance at 660 nm % Inhibition
Control - 0.596
125 - -
Watery 250 - -
500 0.13 36.12
125 0.43 27.01
Ethanol 250 0.32 44.71
500 0.28 53.02
Diclofenac 125 0.43 26.84
otassium 250 0.31 46.97
P 500 0.07 87.41
® 125 pg/mL
28 ® 250 pg/mL
.§ 70 - 500 pg/mL
=2 60 -
£ 50 -
S 40 -
30 -
20 -
10 -
0 .
Watery Ethanol Diclofenac
Sample potassium

Figure 3 % Inhibition of protein denaturation of leave extracts and standard diclofenac potassium
by using egg albumin

Conclusion

The result of preliminary phytochemical screening of different crude extracts of leaves of
C. oblongifolius R. (Thetyin-gyi) revealed the presence of alkaloids, a-amino acid, glycosides,
phenolic compounds, saponins, steroids, tannins, terpenoids and flavonoids supporting the reason
of its biological activities. The cytotoxicity of watery and ethanol extracts of leaves of Thetyin-gyi
evaluated by brine shrimp cytotoxicity bioassay gave LDso values as 921 pg/mL and 884.5 pug/mL,
respectively. The LDsg value of K>Cr.O7 was 1.5 pg/mL between 1 and 10 pg/mL. Caffeine was
not cytotoxic to brine shrimp up to the maximum dose of 1000 pg/mL. Therefore, watery extract
showed lower cytotoxicity effect than the ethanol extract. In vitro anti-arthritic activity, ethanol
and watery extracts of leaves of Thetyin-gyi were investigated by protein denaturation method
using bovine serum albumin and egg albumin. In both methods, the ethanol extract showed
significant activity at the concentrations of 500 pug/mL and the effects were comparable with the
standard drug diclofenac potassium. So, the ethanol extract of C. oblongifolius have higher anti-
arthritic activity than watery extract
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INVESTIGATION OF a-GLYCOSIDASE INHIBITON AND
ANTIOXIDANT ACTIVITIES OF HYDROCOTYLE
ROTUNDIFOLIA ROXB. (SAY-MYIN-KHWA)

Khin Chaw Win?, Yin Thein?, Ni Ni Than®, Daw Hla Ngwe*

Abstract

This research is focused on the evaluation of a-glucosidase inhibitory effect from Myanmar
Traditional Medicinal Plants Hydrocotyle rotundifolia Roxb. (Say-myin- khwa). The medicinal
plant has been reported to possess the antidiabetic potential. According to the preliminary
phytochemical tests indicated the presence of alkaloids, a-amino acids, carbohydrates, flavonoids,
glycosides, phenolic compounds, steroids, terpenoids, tannins, reducing sugars, and saponins were
present while starch was not detected in this sample. The a-glucosidase inhibitory effect of watery
and ethanol extracts on production of glucose from sucrose was determined by using UV-Visible
spectroscopy. The 50 % inhibitory concentrations (ICsy) of watery and ethanol extracts on
a-glucosidase activity were found to be 0.73 and 0.61 pg/mL. From this experiment, it was found
that ethanol extract showed higher potency than water extract. However, all of these extracts showed
lower potency than that of standard drugs Voglibose (1Csp=0.32 pug/mL in a-glucosidase inhibitory
effect. The antioxidant activity of ethanol and watery crude extracts was investigated by DPPH free
radical scavenging assay. The 1Cso values of watery and ethanol crude extracts werel12.34 ug/mL
and 9.33 pg/mL. Since the lower ICsq value, the higher antioxidant activity of the samples occurs.
Thus, the ethanol extract showed higher antioxidant activity than that water extract.

Keywords: Hydrocotyle rotundifolia Roxb., a-glucosidase inhibitory effect, antioxidant activity

Introduction

The systematic name of a-glucosidase glucohydrolase, (E.C 3.2.1.20), hydrolytic enzymes
splitting  both -1, 4 and a-1, 6-glucosidic  linkages are usually termed a-glucosidase.
Mammalian a-glucosidase located in the brush-border surface membrane of intestinal cells is the
key enzyme catalyzing the final step in the digestive processes of carbohydrate. Hence,
a-glucosidase inhibitors can retard the liberation of D-glucose from dietary complex carbohydrates
and delay glucose absorption, resulting in reduced postprandial plasma glucose level and
suppression of postprandial hyperglycemia. To control or to manage postprandial hyperglycemia,
a-glucosidase inhibitors are used a-glucosidase inhibitor, a class of anti-diabetic drugs is known
as “starch blocker”. Taken with the first bite of a meal a-glucosidase inhibitors are especially well
suited to tread postprandial hyperglycemia (a sharp rise in blood sugar after meals) a common and
serious problem faced by many people with type 2-diabetes. Acarbose, miglitol, voglibose and
emiglitate have been approved to use as antidiabetes drugs. Because the drug prevents the
immediate breakdown of starches into monosaccharides or simple sugars, which would to absorbed
into the blood stream quickly, more of the carbohydrate consumed at meal gets absorbed further
“downstream” in the gastrointestinal tract, towards the end of the small intestine or the colon.
Slowing the absorption of carbohydrate gives the beta-cells in the pancreases more time to secrete
adequate insulin to cover the meal. a-Glucosidase enzyme are widely distributed in microorganism,
plants and animals (Hong et al., 2008). From this point of view, many efforts have been made
searching for effective and safe a-glucosidase inhibitors from neutral materials in order to develop
a physiological functional food for use against antidiabetes. In this study, traditional medicinal
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plant (Figure 1) H. rotundifolia Roxb. (Say-myin-khwa) was chosen for the investigation of some
phytochemical composition and some biological activities of its ethanol and watery extracts.

Scientific name - H. rotundifolia Roxb.

Family - Umbelliferae
English name - Lawn Pennyword
Myanmar name - Say-myin-khwa
Part uses - Whole plant

(Sultana & Khatun, 2010)

Materials and Methods
Collection and Preparation of Sample

The sample of H. rotundifolia Roxb. (Say-myin-khwa) plant was collected from Hmawbi
Township, Yangon Region in October, 2011. The plant was identified by the authorized botanist,
at Botany Department, Yangon University. The collected plants samples were cleaned by washing
thoroughly with water and air-dried at room temperature. The dried samples were cut into small
pieces and ground into powder by a grinding machine. The dried powdered samples were stored in
air-tight containers.

Phytochemical Investigation

The dried powdered samples were used for the chemical tests on the phytochemicals by
using standard procedure (Harborne, 1984; M-Tin Wa, 1972; Marini-Bettolo et al., 1981;
Robinson, 1983; Shriner et al., 1980; Trease and Evans, 1980; Vogel, 1966).

Isolation and Identification of a-Glucosidase Enzyme from Flint Corn Seeds

Ingeminated seeds of flint corn (100 g) were powdered by using a blender. The powder
obtained was then suspended with 140 mL of 0.1 M acetate buffer (pH 5). After the suspended had
been stirred with magnetic stirrer for 5 h at room temperature, it was filtered by using thin cloth
and 817 mL of pale yellow crude extract was obtained. About 204.3 g of solid ammonium sulphate
were added to the crude extract under stirring. The resulting precipitate was removed by
centrifuging at 10,000 rpm for 20 min. The supernatant was obtained as first filtrate. Subsequently,
188 g of solid ammonium sulphate were slowly added to the supernatant. The resulting precipitate
was collected by the centrifuge at 12,000 rpm for 15 min and dried at room temperature. The
crude enzyme precipitate was obtained. The supernatant is called second filtrate which was
discarded. The extracted a-glucosidase enzyme was identified as follows. 1 mL of starch and
1 mL of distilled water were added into the first test tube and allowed to stand for 30 min.
Then 1 mL of iodine was added and deep blue colour was observed. In the second test tube, 1 mL
of starch and 1 mL of enzyme were mixed and allowed to stand for 30 min. Then 1 mL of iodine
was added. No colour was observed (Aung Myint, 1997).

Screening of a-Glucosidase Inhibitory Effect of Plant Extracts

The enzyme inhibition assay is based on the breakdown of substrate to produce a colour
product, followed by measuring the absorbance over a period of time. In this experiment, the
a-glucosidase inhibition activity of 95 % ethanol and watery extracts from selected plant was
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studied by determining the a-glucosidase inhibitory effect on the production of glucose from
sucrose at 505 nm wavelength. This experiment was done in triplicate for each sample solution.
Absorbance values obtained were used to calculate % inhibition and 50 % inhibitory concentrations
(Astumi et al., 1990; Cannel et al., 1987; Kurihara et al., 1994; Xiao and Rongli, 2005).

Preparation of test sample solution

2 mg of each extract or each isolated compound and 10 mL of distilled water were
thoroughly mixed by vortex mixer. The mixture solution was filtered and the stock solution was
obtained.

Procedure

Firstly, the control solution was prepared by mixing 1 mL of sucrose, 1 mL of enzyme and
1 mL of DMSO with vortex mixer and incubated for 30 min at 37 °C followed by addition of
glucose oxidase reagent (0.5 mL). After the incubation of the above mixture at 37 °C for 30 min,
the reaction was stopped by immersing the test tube into a boiling water bath for 10 min and
allowed to cool to room temperature. Secondly, the background solution was prepared by mixing
1 mL of sucrose 1 mL of 6 % DMSO with vortex mixer according to the above procedure. Finally,
the test solution was prepared by mixing 1 mL of sucrose, 1 mL of sample solution and 1 mL of
6 % DMSO with vortex mixer and incubated for 30 min at 37 °C followed by addition of 1 ml of
enzyme. After the incubation of the above mixture at 37 °C for 30 min, glucose oxidase reagent
(0.5 mL) was added. After the incubation of the above mixture at 37 °C for 30 min, the reaction
was stopped by immersing the test tube into a boiling water bath for 10 min and allowed to cool to
room temperature. The different concentrations (0.125, 0.25, 0.5, 1.0, 2.0 pg/ mL) of the sample
solution were used. Absorbance of all solutions was measured by using a UV-7504
spectrophotometer at 505 nm. Voglibose is an a-glucosidase inhibitor used for lowering
postprandial blood glucose levels in people with diabetes mellitus was used as a reference.

Absorbance measurements were done in triplicate for each of the sample solutions. From
the mean absorbance values, percent inhibition of the sample on a-glucosidase enzyme activity

and average percent inhibition on a-glucosidase enzyme activity were calculated by using
following equations (Yuhao, 2004):

s A.—A-A
% inhibition = ————5 %100
AC
where,
% Inhibition = percent inhibition of test sample on a-glucosidase enzyme activity

A = absorbance of control solution
Ap = absorbance of background solution
A = absorbance of test sample solution
The 1Cs0, 50 % inhibitory concentration of the sample on a-glucosidase enzyme activity
was calculated by Linear Regressive Excel Program.

Determination of Antioxidant Activity by DPPH Radical Scavenging Assay

The antioxidant activity of ethanol and water extracts of plant material was assayed
according to a published method with slight modification (Marinova and Batchvarov, 2011). The
commercially available DPPH (2, 2-diphenyl picrylhydrazyl) is a stable free radical, which is
purple in colour. The antioxidant molecule presents in the test extracts, when incubated react with
DPPH and convert it into di-phenyl hydrazine, which is yellow in colour. For the preparation of
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the coloured reaction, the sample extract with the concentration of 1000 ug/mL was prepared by
dissolving 20 mg of the extract in ethanol or water and the final volume was made up to 20 mL
(the preparation was used as a stock solution). Then different concentrations like 5 pg/mL,
10 pg/mL, 20 pg/mL, 40 pg/mL and 80 ug/mL were prepared by dilution with ethanol or water
from the stock solution. The control solution was prepared by mixing 1.5 mL of 0.002 % DPPH
solution and 1.5 mL of ethanol in the brown bottle. The sample solution was prepared by mixing
1.5 mL of 0.002 % DPPH solution and 1.5 mL of test sample solution. These bottles were incubated
at room temperature and were shaken on a shaker for 30 min.

The absorbance for the degree of discoloration of purple to yellow was measured at
517 nm against ethanol as blank. Ascorbic acid was used as a standard. Each experiment was done
triplicate. The DPPH radical scavenging activity of the plant extracts were calculated by the
following formula:

% RSA = [ {(AbrrH— Asample) — A blank } / A prpH] % 100

where, % RSA = %radical scavenging activity of test sample
AprpH = absorbance of DPPH in EtOH solution
Asample = absorbance of sample+ DPPH solution
Ablank = absorbance of sample + EtOH solution

ICso is defined as the concentration of substrate that causes 50 % loss of DPPH activity
(colour).

Results and Discussion
Phytochemical Constituents Present in H. rotundifolia

According to the experiments, alkaloids, a-amino acids, carbohydrates, flavonoids,
glycosides, phenolic compounds, steroids, tannins, terpenoids, reducing sugars, saponins and
organic acids were found to be present while starch was not detected. In addition, alkaloids,
a-amino acids, carbohydrats, flavonoids, glycosides, steroids, terpenoids, reducing sugar and
organic acids were found to be present in larger amount in this sample.

In Vitro a-Glucosidase Inhibitory Effect of Crude Extracts of H. rotundifolia

In vitro a-glucosidase inhibitory effects of watery and 95 % ethanol extracts from H.
rotundifolia plants were determined by using a-glucosidase inhibition assay. In this method,
a-glucosidase enzyme can produce the glucose and fructose from sucrose by enzymatic hydrolysis.
Therefore, the presence or absence of a-glucosidase enzyme inhibition effect of a sample can be
demonstrated by the enzyme inhibition effect of a sample can be demonstrated by the enzymatic
production of glucose from the substrate sucrose.

If glucose is not produced from sucrose by a-glucosidase in the presence of the herbal
extracts, it can be inferred that the sample has the a-glucosidase inhibitory effect, i.e., it is an
enzyme inhibitor. If the glucose isstill formed from the sucrose by a-glucosidase enzyme in
the presence of the herbal extracts, the herbal may not possess the a-glucosidase inhibitory effect.
The formation of glucose can be quantitatively determined by using UV-Visible
spectrophotometric technique. If the glucose amount increases, the absorbance of the red pigment
will be increased. Hence, the lower the absorbance value, the lower the glucose content. The
absorbance of the red pigment formed from the glucose that produced from sucrose by
a-glucosidase enzymatic hydrolysis, was found to be higher than that for the glucose produced
from sucrose by a-glucosidase enzymatic hydrolysis in the presence of plant extracts. This
observation showed that the extracts inhibited the a-glucosidase enzyme activity. From the mean
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absorbance values, the percent inhibition of the crude extracts and reference drug (Voglibose) in
various concentration: 0.125, 0.25, 0.5, 1.0, 2.0 pg/mL on a-glucosidase enzyme activity were
calculated and it was found that the % inhibition of the samples on a-glucosidase enzyme activity
increased with increasing the concentrations. From the % inhibition, the respective ICso values of
the plants extracts were calculated and the results are respectively tabulated in Table 1.

According to the results shown in Table 1, it can be seen that the 50 % inhibition
concentration (ICso) values for the ethanol extract (0.61 pg/mL) and watery extract
(0.73 pg/mL) from Say-myin-khwa plant. Since the lower the 1Cso values indicate the higher the
a-glucosidase inhibitory effect of the samples. Alpha-glucosidase inhibitory effect of ethanol
extract showed higher potency than that of watery extract. But it was observed that the watery and
ethanol extracts of plant samples showed lower potency than standard drug Voglibose
(ICso = 0.32 pg/mL) in a-glucosidase inhibitory effect. These observations are depicted with a bar
graph in Figure 2.

Table 1 % Inhibition of Various Concentrations and ICso Values of Different Crude
Extracts from H. rotundifolia and Standard Voglibose on a-Glucosidase Enzyme

Activity
% inhibition of different concentrations (ug/mL) 1Cso0
Tested Sample 0125 025 05 1.0 20  (ug/mL)
Water extract 41.77 45.68 47.04 53.37 61.71 0.73
+ + + + +
0.02 0.11 0.03 0.21 0.01
Ethanol extract 39.87 47.46 49.57 51.47 65.66 0.61
+ + + + +
0.35 0.12 0.03 0.01 0.05
Standard Voglibose 31.06 48.22 55.41 58.33 64.39 0.32
+ + + + +
0.01 0.02 0.01 0.03 0.02
0.8
0.61
= 0.6
£
=3 0.4 0.32
o 0.2
0
water ethanol Std.
Tested samples Voglibose

Figure 2 1Cso values of water and ethanol extracts from compared with standard voglibose on
a-glucosidase enzyme activity

Antioxidant Activity of Crude Extracts of H. rotundifolia by DPPH Free Radical Scavenging
Assay

The antioxidant activity was studied on the watery and 95 % ethanol extracts from two
selected plant samples by DPPH free radical scavenging assay method. DPPH (2, 2 —
diphenyl -1- picryl hydrazyl) method is most widely reported method for screening of antioxidant
activity of many plant drugs. This method is based on the reduction of ethanolic solution of
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coloured free radical DPPH by free radical scavenger. Determination of radical scavenging activity
by DPPH method bases on the change in absorbance of sample solution in various concentrations.
The activity was expressed as 50 % inhibitory concentration (1Cso).

The present study was carried out to investigate the radical scavenging activity of two crude
extract such as ethanol, water from plant of H. rotundifolia by using DPPH according to the
spectrophotometric method. In this experiment, five kind of different concentrations for each crude
extract were prepared with ethanol solvent. The percent inhibition values and 1Cso values of crude
extracts were measured at different concentrations and the results were summarized in Table 2.
And also the 1Csg values was shown in Figure 3. From these experimental results, for all extracts,
it was found that as the concentrations increased, the absorbance values decreased, i.e., increase in
concentration, increase in radical scavenging activity of crude extracts usually expressed in term
of % inhibition. Form the average values of % inhibition, ICso (50 % inhibition concentration)
values in pg/mL were calculated by linear regressive excel program.

From these results, it can be clearly seen that 1Cso values were 12.34 pg/mL for water
extract and 9.33 pg/mL for ethanol extract. Among these extracts, radical scavenging activity of
ethanol extract was found to be the higher than water extract and it was also found to be lower than
that of standard ascorbic acid (ICso = 5.94 pg/mL).

Table 3 Radical Scavenging Activity (% RSA) and 1Cso Values of Crude extracts of from H.
rotundifolia and Standard Ascorbic acid

% inhibition of different concentrations (pug/mL
Tested Sample i (g/mL) 1Cso
5 10 20 40 80 (Mg/mL)
Water extract 39.77 48.68 54.32 62.32 68.35 12.34
+ + + + +
0.52 0.31 0.23 0.12 0.21
Ethanol extract 42.06 51.22 67.35 72.43 78.34 9.33
+ + + + +
0.11 0.32 0.30 0.21 0.11
Std. Ascorbic acid 48.32 57.23 55.41 58.33 62.78 5.94
+ + + + +
0.25 0.02 0.51 0.43 0.12
14 12.34
12
= 10 9.33
5 8
e 5.94
Q 6
o
- 4
2
0
water ethanol Ascobic acid

Tested samples

Figure 3 1Cso values of water and ethanol extracts compared with standard ascorbic acid in
antioxidant activity
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Conclusion

From these observations it can be suggested that selected medicinal plants was generally
found to possess a-glucosidase inhibitory effect. Therefore, H. rotundifolia plant may be used as
a-glucosidase inhibitor in control or managements of the postprandial hyperglycemia, Type 2
diabetes. The findings from the present work will contribute to the scientific development of
Myanmar traditional medicine, specifically in the areas concerned with diabetes mellitus,
a-glucosidase inhibitory effect, the diseases related to oxidative stress.
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STUDY ON ANTIOXIDANT ACTIVITY, ANTIMICROBIAL ACTIVITY
AND ACUTE TOXICITY OF PLUKENETIA VOLUBILIS L.
(SACHA INCHI) LEAVES

Myint Myint Htay?, Theingi Win?, Ni Ni Aung?

Abstract

This research focused on the investigation of phytochemical constituent, mineral content,
antioxidant, antimicrobial activities and acute toxicity of sacha inchi leaves. Firstly, the preliminary
phytochemical screening was done. The leaves give positive test for alkaloid, flavonoid, glycoside,
terpene, steroid, reducing sugar, saponin, tannin and phenolic compound but cyanogenic glycoside
was not found. The mineral content was determined by EDXRF spectroscopic technique. The main
minerals present in sacha inchi leaves are calcium and potassium. The antioxidant activity of ethanol
extract was determined by DPPH assay. The ICso value of ethanol extract was found to be
179.60 ugmL1. Moreover, the antimicrobial activity of ethanol extract was investigated by agar
well diffusion method on seven selected microorganisms. Among selected microorganisms, the
ethanol extract showed the highest activity on Bacillus pumilus and high activities on Agrobacterium
tumefaciens, Bacillus subtilis, Candida albicans, Escherichia coli, Pseudomonas fluorescens and
Staphylococcus aureus. In addition, oral acute toxicity test of ethanol extract was studied by
Organization of Economic Cooperation and Development (OECD) guideline (425). According to
oral acute toxicity test, the tested sacha inchi leaves can be considered relatively safe to the dose
level of 5000 mg/kg body weight. No toxicity effects after oral acute exposure of ethanol extract to
mice were observed.

Keywords: phytochemicals, antioxidant activity, antimicrobial activity, acute toxicity

Introduction

Plants have been a valuable source of natural products for a long period of time to maintain
human health. Natural products have been used in the treatment of several diseases for centuries,
among them, wound healing. To heal, the wound or burn needs to free of infection. Human beings
have relied on natural products as a resource of drug for thousands of years. Herbal drugs constitute
only those traditional medicines, which primarily use medicinal plant preparation for therapy
(Nascimento et al., 2013).According to world health organization, traditional medicine is the
synthesis of therapeutic experience of the generation of indigenous systems of medicine. In
literature, sacha inchi leaves make a wonderful, aromatic tea that not only tastes delicious but is
gluten free and contains antioxidants, leading to health benefits which include helping to reduce
blood sugar levels, cholesterol and blood. Among different medicinal plants, Plukenetia volubilis
L., a perennial oilseed vine belonging to the Euphorbiaceae family native to the rainforests of South
America was selected for chemical analysis.

Botanical Aspect of P. volubilis L.

Scientific name - Plukenetia volubilis L.

Family - Euphorbiaceae

Genus - Plukenetia

Species - volubilis

English name - Sacha inchi, mountain peanut

Myanmar name - Kyalpe

Part used - Leaves Figure 1 Sacha inchi leaves

L Dr, Lecturer, Department of Chemistry, Yenanchaung University
2 Lecturer, Department of Chemistry, Magway University
3 Dr, Lecturer, Department of Chemistry, Yenanchaung University
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Medicinal Uses of Sacha inchi Leaves

Sacha inchi botanical extract is supposed to support the healthy functioning of the brain,
heart and nervous system and to help maintain healthy levels of cholesterol and blood pressure.
Encourages weight loss. It regenerates the nervous system's cells, enhancing the mood and
communication abilities. It relieves the pain caused by arthritis. It cures certain skin condition. It
prevent the onset of inflammation, distribute essential nutrients throughout the body, balance the
mood (Health benefits times, 2020).

Materials and Methods
Sample Collection and Preparation

The sample sacha inchi leaves to be analyzed was collected from Kyaukpadaung
Township, Mandalay Region. The sacha inchi leaves were cut into small pieces and air dried. And
then, the sample was powdered by mortar and pestle. It was stored in well stoppered bottle and
used throughout the experiment.

Preliminary Phytochemical Test of Sacha inchi Leaves

Phytochemical investigation of sacha inchi leaves powder was done according to standard
procedure (Harbone, 1984).

Qualitative Elemental Analysis of Sacha inchi Leaves by EDXRF Spectrometry

The determination of minerals containing in sacha inchi leaves was studied by Energy
Dispersive X-ray Fluorescence (EDXRF) spectrometer. The measurement was carried out at
University of Research Centre (URC), Yangon.

Screening of Antioxidant Activity of Ethanol Extract of Sacha inchi Leaves by DPPH Assay

The antioxidant activity of ethanol extract of sacha inchi leaves was studied by DPPH
(2, 2-diphenyl-1-picry-hydrazyl) radical scavenging assay method. This assay has been widely
used to evaluate the free radical scavenging effectiveness of various flavonoids and polyphenols
in food system (Marinova et al., 2011).

Determination of Antimicrobial Activity of Ethanol Extract of Sacha inchi Leaves

The antimicrobial activity of ethanol extract of leaves was tested by employing Agar well
diffusion method in Meiktilar University. The tested microorganisms are Agrobacterium
tumefaciens, Bacillus pumilus, Bacillus subtilis, Candida albicans, Escherichia coli, Pseudomonas
fluorescens and Staphylococcus aureus.

Determination of Acute Toxicity of Ethanol Extract of Sacha inchi Leaves

The acute toxicity test on 95 % ethanol extract of the sacha inchi leaves could be carried
out according to OECD (Organization of Economic Co-operation and Development) guidelines
425. The test substance 95 % ethanol extract of the sacha inchi leaves were administered orally in
a single dose by using cannula. One group was served as the control and only vehicle distilled
water was given orally. Three mice were used for each doses level. In this study, the starting dose
175 mg/kg body weight test substance was given to 3 mice. Mice were observed after dosing at
least once during the first 30 min periodically during the first 24 h with special attention given
during the first 4 h and daily up to 14 days.
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Figure 2 Weighing fasted body weight Figure 3 Administration of leaves
of each female albino mice solution to the test mouse

Results and Discussion
Phytochemical of Sacha inchi Leaves

Preliminary phytochemical screening was carried out in order to know the different types
of chemical constituents present in the leaves of plukenetia volubilis L. According to
phytochemical tests, it gives positive tests for alkaloid, flavonoid, steroid, terpene, glycoside,
reducing sugar, phenolic, saponin, tannin and cyanogenic glycoside is negative. These results are
shown in Table 1. These phytochemical compounds are key micronutrients needed for the body
immune system. These have a broad range of protective benefits from reducing inflammation and
speeding healing to preventing infection and fighting cancer.

Table 1 Results of Phytochemical Tests of Sacha inchi Leaves

No. Tests Solvent Test Reagents Observation Results
Extract
1. Alkaloid 1% HCI Dragendorff’s reagent Orange ppt +
Wagner’s reagent Brown ppt +
2. Flavonoid 95 % EtOH Mg ribbon, Conc: HCI pink colour +
3. Steroid 95 % EtOH Acetic anhydride, Green colour +
Conc: H,S0O,
4. Terpene 95 % EtOH Acetic anhydride, Reddish +
CHCI3, Conc: H_SO, brown colour
5. Glycoside Distilled Water 10 % lead acetate White ppt +
6. Reducing Sugar Distilled Water Benedict’s solution Brick red ppt +
7. Phenolic Distilled Water 10 % FeCI3 Greenish blue +
colour
8. Saponin Distilled Water Shaking Permanent +
frothing
9. Tannin Distilled Water Dil :H2804,10 % FeCI3 Brown ppt +
10. Cyanogenic Distilled Water Sodium picrate solution No brick red -
glycoside colour

(+) = presence  (-) =absence  ppt = precipitate

Qualitative Elemental Analysis of Sacha inchi Leaves

The elemental content of sacha inchi leaves were determined by EDXRF technique. The
observed elements are shown in Figure 4 and Table 2. In accordance with Table 2, sacha inchi
leaves contain significant amounts of calcium and potassium was the second most element. These
minerals are considered to be essential in human nutrition to keep the blood pressure regulated.
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Calcium is required for the development of bones and teeth, muscle contraction and nerve
transmission. The primary functions of potassium in the body include regulating fluid balance and
controlling the electrical activity of the heart and other muscles. These elements are essential
because they play key roles in several body functions.

"
-

Figure 4 EDXRF spectrum of sacha inchi leaves

Table 2 Relative Abundance of Elements in Sacha inchi Leaves

No. Symbols  Relative abundance

1 Ca 1.379
2 K 0.471
3 S 0.050
4 Fe 0.019
5 Sr 0.006
6 Mn 0.002
7 Zn 0.001
8 CH 98.072

Screening on Antioxidant Activity of Ethanol Extract of Sacha inchi Leaves

Antioxidant activity of ethanol extract of sacha inchi leaves were studied by DPPH assay.
The percent oxidative inhibition values of leaves extract measured at different concentration and
the results are tabulated in Table 3. As the concentration increased, the absorbance value decreased
i.e., increase in radical scavenging activity of each extract usually expressed in terms of %
inhibition. The 50% inhibition concentration (ICso) for leaves extract was calculated by linear
regressive excel program.
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Figure 5 Percent inhibition activity of ethanol extract of sacha inchi leaves

Table 3 Antioxidant Activity of Sacha inchi Leaves

Concentration of sample Mean Mean % 1Cs0
(ng/mL) absorbance inhibition (ng/mL)
200 0.205 49.85632
100 0.218 43.95887
50 0.228 41.38817
179.60
25 0.231 40.61697
12.5 0.241 38.04627
6.25 0.246 36.76093

Antimicrobial Activity of Ethanol Extract of Sacha inchi Leaves

Antimicrobial activity of leaves have been investigated by Agar well diffusion method on

seven selected microorganisms. Agar well diffusion method is based on the zone diameter in
millimeter (mm) of Agar well. The larger the zone diameter is the more activity on the tested
microorganisms. According to Table 4, the result informs that responds highest activity on B.
pumilus and high activity on C. albicans, S. aureus, A.tumefaciens, B. subtilis, E. coli and P.
fluorescens.

Table 4 Inhibition Zone Diameters of Ethanol Extract of Sacha inchi Leaves

No. Microorganisms Inhibition zone diameters

1 A tumefaciens 13 mm
(++)

i 19 mm

2  B.pumilus o)

3 B. subtilis 15 mm
(++)

4  C. albicans 14 mm
(++)

5 E.coli 16 mm
(++)

6  P.fluorescens 15 mm
(++)

7  S.aureus 15 mm
(++)

Agar well-8 mm, 8 mm -12 mm (+), 13 mm-17 mm (++), 18mm - above (+++)
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(3) B. subtilis

B s -

(4) C. albicans (5) E. coli (6) P. fluorescens (7) S. aureus
Figure 6 Inhibition zones of ethanol extract of sacha inchi leaves

Acute Toxicity of Ethanol Extract of Sacha inchi Leaves

For safety profile, the ethanol extracts of sacha inchi leaves were tested for acute toxicity
study on albino mice. This tested was done according to OECD guidelines (425). In this experiment
different groups of mice were used by calculating of AOT-425. The different groups of mice were
administered with 4 different doses (175 mg/kg, 550 mg/kg, 1750 mg/kg, 5000 mg/kg) of ethanol
extract of leaves of sacha inchi and vehicle (distilled water) 10 mL/kg body weight (control) were
kept under observation for two weeks. The resultant data based on body weights record and cage
side observation are presented in Table 5 and Table 6.

Table 5 Acute Toxicity Study of Sacha inchi Leaves Based on Daily Body Weight Record
and Mortality Record

Test Dosage of extract Body weight of mice (g) Mortality up
dose (mg/kg) ex Day 0 Day 14 to 14 days

1 175 Female 35 37 Nil

2 550 Female 37 43 Nil

3 1750 Female 27 29 Nil

4 5000 Female 26 26 Nil

5 5000 Female 30 31 Nil

6 5000 Female 27 33 Nil
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Table 6 Acute Toxicity Study of Ethanol Extract of Sacha inchi Leaves Based on Cage Side
Observations

No. Parameters Observations
1  Condition of the fur Normal
2 Skin Normal
3 Subcutaneous swellings Nil
4 Abdominal distension Nil
5 Eyes-dullness Nil
6 Eyes-opacities Nil
7  Pupil-diameter Normal
8 Ptosis Nil
9  Colour and consistency of the faeces Normal
10 Wetness of soiling of the perineum Nil
11  Condition of teeth Normal
12  Breathing abnormalities Nil
13 Gait Nil

Conclusion

In this research work, sacha inchi leaves were selected for preliminary phytochemical
examination. It was found that alkaloid, flavonoid, glycoside, steroid, terpene, phenolic, reducing
sugar, saponin and tannin but cyanogenic glycoside was not found. The minerals, Ca, K, S, Fe, Sr,
Mn and Zn were observed in sacha inchi leaves. Among these elements calcium concentration is
distinctly higher than other elements. According to the antioxidant activity study of ethanol extract
of leaves using DPPH assay, the ICso value was found to be 179.60 pgmL™. Furthermore, the
antimicrobial activity of ethanol extract of sacha inchi leaves were also investigated by employing
Agar well diffusion method against seven selected microorganisms. It was observed that the
ethanol extract of the leaves exhibited the highest activity on B. pumilus and high activity on
remaining microorganisms. Moreover, from the determination of oral acute toxicity, all the tested
mice from treated groups increased body weight for all the 14 days as compared with 0 day body
weight. From the daily body weight record the tested mice at all dose levels showed no death. The
LDso value of the test substance was found to be more than 5000 mg/kg based on body weight.
From the cage-side observations record, the tested animals at all dose levels showed no significant
changes in behaviors before and after administration. Thus the ethanol extract of sacha inchi leaves
can be considered free from toxic effects up to the dose level of 5000 mg/kg for oral administration.
Therefore, the sacha inchi leaves can be used in medicinal and pharmaceutical industries.
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REPARATION AND CHARACTERIZATION OF LIQUID GLUCOSE
FROM THE SWEET POTATO STARCH OF POMOEA BATATAS L.
(SHWE-KAN-ZUN-U)

Kyawt Kay Khaing', Mar Mar Soe?, Win Naing?

Abstract

The present work deals with isolation and identification of liquid glucose from sweet potato tuber
Ipomoea batatas L. (Shwe-ka-zun-u). From the preliminary phytochemical investigation, alkaloids,
carbohydrates, a-amino acids, flavonoids, glycosides, saponins, steroids, tannins, terpenoids,
phenolic compounds, starch, organic acids, reducing sugars were found to be present and the
cyanogenic glycosides was absent in the tuber of sweet potato. In addition, sweet potato tuber
contains the content of water (42.15 %), total solid (57.85 %), nitrogen (0.192 %), ash (1.91 %), fat
(0.72 %), starch (48.34 %) and crude fibre (1.97 %). According to ED XRF data analysis,
K (65.705 %), Ca (21.918 %), Fe (6.025 %), Rb (3.487 %) and Mn (2.865 %) were observed. The
contents of soluble matters using water, ethanol and petroleum were 6.01, 4.14 and 2.23 %,
respectively. The yield percent and dextrose equivalent of liquid glucose prepared by enzymatic
method and acid hydrolysis method were respectively found to be 11.95 and 11.04 %, 40.37 and
37.30., determined by Fehling's solution method. Similarly, the yield percent of liquid glucose
prepared by enzymatic method and acid hydrolysis method were observed as 22.43 and 21.78 %,
75.78 and 73.58, respectively, determined by phenol-sulphuric acid assay. The prepared liquid
glucose was characterized by paper chromatographic method. The characteristics of prepared liquid
glucose obtained by enzyme hydrolysis and acid hydrolysis were indicated as specific gravity
(1.08 and 1.02), refractive index (1.42 and 1.30), viscosity (1.5282 cP and 0.7864 cP), pH (4.4 and
4.8), water content (25.67 % and 31.95 %), total solid (74.33 % and 68.05 %) and sulphated ash
(0.048 % and 0.069 %), respectively.

Keywords: Ipomoea batatas L., sweet potato tuber, liquid glucose, termamyl enzyme, paper
chromatography

Introduction

The sweet potato (Ipomoea batatas L.) is a dicotyledonous plant that belongs to the
bindweed or morning glory family, Convolvulaceae. Its large, starchy, sweet-tasting, tuberous
roots are a root vegetable (Purseglove, 1968). The young leaves and shoots are sometimes eaten as
greens. The plant is herbaceous perennial vine, bearing alternate heart-shaped or palmately lobed
leaves and medium-sized sympetalous flowers. Sweet potato cultivars with white or pale yellow
flesh are less sweet and moist than those with red, pink or orange flesh. The sweet potato (Ipomoea
batatas) is one of the most important food crops in the world and provides not only staple food but
also important as an industrial raw materials. Originating in South America, it is now grown all
over the world spreading throughout the tropical and sub-tropical countries. The sweet potato
tubers are rich in starch, sugars, minerals and vitamins. In Asian countries, some edible tubers are
also used as traditional medicine.

The production of glucose syrup from sweet potato actually is produce the glucose from
sweet potato starch, because the sweet potato with more protein and fiber. Liquid glucose is also a
main ingredient of candies and sweets. In the pharmaceutical industry, it is used as a cost-effective
replacement to sugar syrup preparations and is also used in tablets for coating and as a granulating
agent.

Liquid glucose is widely used in the confectionery, biscuit and food canning industries, as
a thickener, sweetener and to modify the mouth feel of food preparations. Glucose liquids are
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obtained by the hydrolysis of starch in which the long-chain carbohydrate molecules are broken
down into series of low molecular weight carbohydrates. Liquid glucose is an aqueous solution of
nutritive saccharide obtained by starch hydrolysis, by using corn and rice as raw material, which
is purified and concentrated to required solids. It is usually odorless and clear yellow colored
viscous liquid sweet syrup which is processed and stored under hygienic conditions.

The present study was focused on the preliminary phytochemical tests, chemical analysis,
preparation and characterization of liquid glucose from sweet potato tuber by using Termamyl
enzyme and HCI hydrolysis methods.

Materials and Methods
Collection and Preparation of Plant material

The tuber of I. batatas (Shwe-ka-zun-u) was collected from Taikkyi Township, Yangon
Region. The tuber sample was transformed into powder and stored in air-tight container.

Preliminary Phytochemical Test

A few grams of dried tuber powder sample of I. batatas was subject to the tests of alkaloids,
carbohydrates, a-amino acids, flavonoids, glycosides, saponins, steroids, tannins, terpenoids,
phenolic compounds, starch, cyanogenic glycosides, organic acids and reducing sugars according
to the standard procedures (Finar, 1968; M-Tin Wa, 1972; Marini-Bettolo et al., 1981; Robison,
1983; Shriner et al., 1980; Trease and Evans, 1996).

Chemical Analysis of Sweet Potato Tuber

The water content of dried powder tuber sample was determined by the Dean and Stark
method (AOAC, 1995), total solid content by the oven drying method (Pearson, 1976), nitrogen
content by the Micro-Kjeldahl distillation method (AOAC, 1995), the ash content by the
gravimetric method, fat content by the soxhlet extraction method (Joslyn, 1956), water-soluble
matter, ethanol-soluble matter and petroleum ether-soluble matter contents by the British
Pharmacopoeia method. The starch content was calculated by multiplying the sugar content with
factor 0.93. The crude fibre content was determined by the acid and alkali digestion method, shown
in Table 2. The relative abundance of elements was determined by Energy Dispersive X-ray
Fluorescence, shown in Table 3.

Preparation of Liquid Glucose from Sweet Potato Tuber
Determination of optimum saccharification time

Starch 100 g was mixed with 500 mL of distilled water and cooked with pressure cooker
for about 30 min until the starch solution become sticky and waxy in nature. Liquefaction of the
starch slurries was carried out using a thermostable a-amylase (125 mL of termamyl enzyme). The
pH of the slurry was adjusting to 6.0 and reaction was carried out in a stirred reactor with enzyme
at 65 °C for 2 h. The resulting solution (prepared liquid glucose) was cooled to 30 °C.
Saccharification was carried out for 5 days at 30 °C.

Dextrose equivalent (D.E) of the saccharified solution was determined daily by phenol-
sulphuric acid assay method. The results are recorded in and the standard calibration curve was
plotted by dextrose equivalent against the saccharification time. From this curve, the optimum
saccharification time was obtained.
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Preparation of liquid glucose from sweet potato tuber by using enzyme and acid

For enzyme, the dried powder tuber of sweet potato 100 g was mixed with 500 mL of
distilled water and cooked with pressure cooker for about 30 min until the starch solution become
sticky and waxy in nature. Liquefaction of the starch slurries was carried out using a thermostable
a-amylase (125 mL of termamyl enzyme). The pH of the slurry was adjusting to 6.0 and reaction
was carried out in a stirred reactor with enzyme at 65 °C for 2 h. The resulting solution (liquid
glucose) was cooled to 30 °C. Saccharification was carried out for 72 h which was the optimum
saccharification time obtained from determination of optimum saccharification time at 30 °C and
was stopped by heating to 90 °C for 10 min. The hydrolysate was double filtered using a nylon
cloth and filter paper so as to get the clear hydrolysate. The hydrolysate was clarified with 10 g of
animal charcoal and filtered, and then measured the value of reducing sugar (glucose).

In acid hydrolysis method, the dried powder tuber of sweet potato 100 g was mixed with
500 mL of distilled water and cooked with pressure cooker for about 30 min until the starch
solution become sticky and waxy in nature. The starch solution was removed from the pot and
cooled to 30 °C. Aqueous solution at pH 5.5 was treated with 5 % fuming hydrochloric acid at
40 °C with stirring for 20 min. The mixture was cooled to 30 °C and after 72 h, 0.1 M Na,CO3 was
added into this slurry to neutralize. The hydrolysate was double filtered using a nylon cloth and
filter paper so as to get the clear hydrolysate. The hydrolysate was clarified with 10 g of animal
charcoal and filtered, and then measured the value of reducing sugar (glucose).

Quantitative Determination of Glucose in the Prepared Liquid Glucose from Sweet Potato
Tuber

Fehling’s solution method (Volumetric method)

First, Fehling’s solution was standardized with glucose solution. The standardization of
Fehling’s solution was carried out with the standard glucose solution. The results showed that the
volume of the sugar solution required to reduce 10 mL of Fehling’s solution must be in the range
of 17 mL to 34 mL (equivalent to 0.15 % to 0.3 % reducing sugar solution) so that the error for
titration would be minimum. Standard glucose (ca. 2 g) was weighed, dissolved in distilled water
and made up to mark in a volumetric flask (1000 mL). Standard glucose solution was freshly
prepared to standardize Fehling’s solution. Fehling’s solution 10 mL was pipetted into a conical
flask and glucose solution 15 mL was added from a burette. The mixture was heated on a hot plate
till it boiled. When the solution in the flask had boiled for about 15 s, the blue colour of the solution
turned red and the major portion of copper was precipitated as cuprous oxide. Methylene blue
indicator 1 mL was then added and the liquid was boiled for another 2 min. Small quantity of
standard liquid glucose solution 1 mL was added in portion, keeping the liquid boiling, till the
colour of the indicator disappeared. The titration was carried out so that it was completed within
5 min. And then standard liquid glucose solution 1 mL was added and boiled for 15 s. Methylene
blue indicator 3 drops was added and these mixture solution was boiled for another 2 min and
titrated with glucose solution till the colour of the indicator disappeared. The volume of glucose
solution required for the reduction of 10 mL of Fehling’s solution was noted. From the titre the
amounts of glucose required to reduce10 mL Fehling’s solution was calculated (AOAC, 1995).

Phenol-sulphuric acid assay method (UV spectrophotometric method)

For preparation of standard glucose solution, 0.2 g of glucose was exactly weighed and
dissolved in 100 mL of distilled water. 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 mL of these solutions were
down out and placed in each 100 mL of volumetric flask and diluted to the mark with distilled
water. These solutions contained 20, 40, 60, 80, 100, 120, 140, 160, 180 and 200 pg of glucose per
mL, respectively.
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One mL each of the prepared glucose liquid solution and the above ten standard glucose
solutions (20, 40, 60, 80, 100, 120, 140, 160, 180 and 200 g of glucose per mL) were introduced
into each test tube. One mL of 5 % phenol solution was added to each test tube and mixed. A blank
was prepared with 1 mL of distilled water instead of sugar solution, 5 mL of concentrated sulphuric
acid was added again to each test tube. Each test tube was agitated during the addition of acid.
After about 10 min, the tubes were shaken again and placed in water-bath at 30 °C for 20 min. The
yellow orange colour was stable for several hours. Absorbance was measured at 490 nm using
CIBA Corning Spectrophotometer 259 (Pearson, 1976).

A standard curve was plotted by the absorbance of the standard glucose solutions against
the concentration in pug per mL. Using this standard curve, the concentration of glucose in the
sample and dextrose equivalent was then calculated (Conn and Stumpf, 1972).

Characterization of the Prepared Liquid Glucose by Paper Chromatography

The prepared liquid glucose by enzymatic method and acid hydrolysis method was
screened by means of ascending paper chromatography using appropriate standards and solvent
system. The solvent in this technique moved upward against the gravitational pull (Whistler and
Wolfrom, 1964). The paper was cut into small paper (7.5 x 15 cm in size). About 5 pL of samples
(two isolated liquid glucoses, standard glucose, standard galactose) were spotted on the paper using
a capillary tube. The paper was placed in a chromatographic chamber with n-butanol: pyridine:
water (10: 3: 3) solvent system. When the solvent reached the height of about 15 cm from the place
of origin, it was taken out. The paper chromatogram was dried in an oven (at a temperature 60 °C).
The spots on paper chromatogram were detected by viewing directly under UV 254 nm and
365 nm light and by spraying the dried paper with aniline phthalate reagent. Then, the paper was
heated at 80-110 °C in an oven for exactly 3 min. The separated sugars were revealed as brown
spots for hexoses and the paper chromatogram. The Rt values of liquid glucose were measured
(Whistler and Wolfrom, 1964).

Determination of Physiochemical Properties of the Prepared Liquid Glucose

The prepared liquid glucose was determined the specific gravity by Baume’s hydrometer,
the refractive index by an Abbe 60, refractometer (Jacobs, 1958), the viscosity by the U-tube
viscometer (ASTM, 1966), the colour by the Lovibond Tintometer, water content by oven drying
method (Pearson, 1976), sulphated ash by the gravimetric method and pH is measured by pH meter.

Results and Discussion

Preliminary phytochemical analysis was performed in order to know the different types of
compounds present in sweet potato tuber. The results on phytochemical testes are summarized in
Table 1.

The Dean and Stark method is more accurate than oven drying method because the water
content from oven drying method contains bound water, adsorbed water and bulk or free water.
Nitrogen content was determined by using the Micro-Kjeldahl distillation method. Ash is the
inorganic residue remained after the organic matter has been burnt away, shown in Table 2. Fats
were determined by the soxhlet extraction method using petroleum ether (b.pt 40-60 °C). The
petroleum ether cannot extract non-fat constituents such as starches and proteins. Determination
of water soluble matters, alcohol soluble matters and petroleum ether-soluble matters were carried
out to know the amount of total solids soluble in water, in alcohol and in petroleum ether (b.pt 40-
60 °C). Starch content in the sweet potato tuber was also determined by using distilled water and
dilute sulphuric acid. Starch is a water-soluble complex, carbohydrate found naturally in many
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vegetable products. The crude fibre is the insoluble and combustible organic residue with remains
after the sample has been treated under prescribed conditions. The results are shown in Table 2.

X-ray spectrometer permits simultaneous analysis of light element to heavy element.
Shimadzu EDX-700 spectrometer can analyze the element from Si to U under vacuum condition.
In the present work, relative abundance of element present in sweet potato tuber sample was
determined by ED-XRF spectrometer. It can be seen that essential minerals for human such as
potassium and calcium in tuber was predominant. Potassium (K) is important in regulating the
body fluid volume and also widely distributed in foods. Potassium is essential in maintaining water
or intracellular fluid balance. The daily intake may range from 1900-5600 mg. Calcium (Ca) with
which decreases the toxicity of other ions, is a major mineral constituents of the body (Monier,
1950). Ca is important for the health of bone and teeth, but it also affects muscles, hormones and
nerve function. Iron (Fe) is essential nutrients for men (Bowman, 1980). Rubidium (Rb) in its
chemical properties, it is closely resembles potassium. Among them, potassium (65.705 %) was
higher than other elements in the sample, shown in Table 3.

Liquid glucose from sweet potato was prepared by using termamyl enzyme for 5 days at
30 °C. The dextrose equivalent (D.E) of the saccharide solution was measured daily by phenol-
sulphuric acid assay method and these values are shown in Table 4 and Figure 1. According to the
Figure 1, the optimum saccharification time was 48 h and the dextrose equivalent was 75.78.
Dextrose equivalent is very important for sugar chemistry. The dextrose equivalent value (D.E) of
commercial liquid glucose is the reducing sugar content, as dextrose, calculated on the basic of the
solid matter.

The amounts of glucose in the prepared liquid glucose from sweet potato by enzymatic and
acid hydrolysis methods were determined by the Lane and Eynon’s Method (Lane and Eynon,
1923) and phenol-sulphuric acid assay method (Duboiset et. al., 1956). Standard glucose curve
was used for quantitative determination and standard calibration curve was shown in Figure 2 and
Table 5. The amount of glucose in the prepared liquid glucose and dextrose equivalent are shown
in Table 6.

Most of the physical characteristics of liquid glucose can be judged visually. The liquid
glucose is light brown, viscous liquid having a bunt sugar smell. The colour was determined by
using the Lovibond Tintometer. It was observed that yellow colour value of liquid glucose obtained
from acid hydrolysis was very high compared to the corresponding red and blue values. The red
colour value of liquid glucose obtained by enzymatic method was very high compared to the
corresponding yellow and blue values. Specific gravity is the ratio of the mass of a unit volume of
the sample to the mass of a unit volume of water at 30 °C. The specific gravity of liquid glucose
from enzyme and acid hydrolysis were determined by hydrometer. The amount of total solid
present would be related to the specific gravity. Hydrometers constructed for the determination of
specific gravity of sugar solution are called saccharometers under which name, they are known in
breweries. The refractive index, as normally measured, is the ratio of the velocity of the light in air
to the velocity of the light in the substance being determined. Refractive index of liquid glucose
from enzyme and acid hydrolysis were determined by the Abbe-refractometer, at 30 °C. Refractive
indices of liquid glucoses have been found to provide a reliable indication of the dry weight of
solid in the solution. The viscosity of a substance is the shearing resistance of a liquid film which
separates two horizontal plates, one of which is being moved across the other. The viscosity of
liquid glucose from enzyme and acid hydrolysis were determined by U-tube viscometer. Water
contents of liquid glucose from enzyme and acid hydrolysis were determined by oven drying
method. The pH of liquid glucose was obtained by using enzymatic method and acid hydrolysis
method. The two prepared liquid glucose (by using enzymatic method and acid hydrolysis method)
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were heated with concentrated sulphuric acid and the ash was expresses as “sulphated ash”. The
results are shown in Table 8.

Table 1 Result of Phytochemical Investigation on Tuber of I. batatas

Iig' Tests Extract Test reagents Observation  Remark
1. Alkaloids 10 % Mayer’s reagent white ppt +
acetic Dragendroft’s reagent ~ blue-black ppt +
acid in EtOH sodium picrate solution yellow ppt +
2. Carbohydrates H,O 10 % o-naphthol, pink colour +
H,SO,(conc.)
3. a-amino acids  H,O Ninhydrin reagent violet spot +
on paper
4. Flavonoids EtOH Mg ribbon, pink colour +
HCI (conc.)
5. Glycosides H,O 10 % lead acetate white ppt +
6. Saponins H,0 distilled water frothing +
7.  Steriods Benzene acetic anhydride & green colour +
H,SO,(conc.)
8. Tannins EtOH 1 % FeClszand gelatin ~ greenish-yellow +
solution colour
9. Terpenoids CHCI3 acetic anhydride & blue colour +
H,SO,(conc.)
10. Phenolic H,0 1 % potassium deep green +
compounds ferricyanide& 1 % colour
ferric chloride
11. Starch H,O I, solution bluish-black +
colour
12. Cyanogenic H,O conc: H,SO, no brick red -
glycosides
13. Organic acids H,O bromocresol blue blue colour +
14. Reducing H,SO, Benedict’s solution brick-red ppt +
sugars
Presence = (+), Absence = (-), Precipitate = (ppt)
Table 2 Chemical Analysis of Tuber of I. batatas
No Principal Components Observation Literature
' Value (%) Value (%)*
1. Water Content (Wet-matter) 42.15 68.5-72.3
2.  Total solid Content 57.85 31.5-27.7
3. Nitrogen Content (Crude Protein) 0.192 0.182-0.553
4.  Ash Content 1.91 0.7-1.0
5.  Fat Content 0.72 0.2-04
6.  Water-soluble Matter Content 6.01 -
7. Ethanol-soluble Matter Content 4.14 -
8.  Petroleum Ether-soluble Matter Content 2.23 -
9.  Starch (Wet-matter) 48.34 25.6-31.0
10. Crude Fiber Content 1.97 0.7-1.0

*(AOAC, 1995)
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Table 3 Relative Abundance of some Elements in Tuber of 1. batatas by ED XRF Method

No. Element Relative Abundance (%)
1. Potassium (K) 65.705
2. Calcium (Ca) 21.918
3. Iron (Fe) 6.025
4. Rubidium (Rb) 3.487
5. Manganese (Mn) 2.865

Table 4 Change in Sugar Content of Saccharified Solution with Termamyl Enzyme in
Different Saccharification Times

Sr. No. Saccharification time (h) Sugar content (%)

1. 0 0

2. 12 18.01
3. 24 30.11
4. 48 41.52
5. 72 38.43
6. 96 36.78
1. 120 34.54

equivalent

0 T T T T T T T T T 1
0 12 24 36 48 60 72 84 96 108 120

time (h)

Figure 1 Plot of variation of glucose content percent for glucose syrupt with incubation period

Table 5 Absorbance of the Orange Yellow Colour of Standard Glucose Solution of Various
Concentrations in the Phenol-sulphuric Acid Assay

Amount of Glucose (ug/mL) Absorbance at 490 nm
100 0.031
200 0.062
300 0.102
400 0.129
500 0.161
600 0.193
700 0.238
800 0.262
900 0.289

1000 0.319
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0.35 -
0.3 -
0.25 -
0.2 -
0.15 -
0.1 -

Absorbance

0.05 -

O T T T T 1
0 200 400 600 800 1000

glucose (ug/mL)

Figure 2 Plot of absorbance as a function of weight of glucose

Table 6 Glucose Content of the Prepared Liquid Glucose from 1. batatas

Glucose content from Glucose content from
Name of method enzyme hydrolysis acid hydrolysis
Glucose D.E Glucose D.E
content (%) content (%)
Volumetric 11.95 40.37 11.04 37.30
method
Spectrophotometric
method (Phenol- 22.43 75.78 21.78 73.58

sulphuric acid
assay method
D.E = Dextrose Equivalent

Table 7 Paper Chromatography of the Prepared Liquid Glucose

No. Sugars Rr values Observation
1. Liquid glucose (enzymatic method) 0.71 Brown colour
2. Liquid glucose (acid hydrolysis method) 0.72 Brown colour
3.  Standard galactose 0.68 Brown colour
4.  Standard glucose 0.71 Brown colour

Solvent System= n-butanol : pyridine : water (10: 3: 3)
Spray reagent = analine phthalate reagent

S1 = Liquid glucose (acid hydrolysis method)
S2 = Liquid glucose (enzymatic method)

S3 = Standard galactose

S4 = Standard glucose

Figure 3 Paper chromatogram of the prepared liquid glucose from I. batatas
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Table 8 Physicochemical Properties of the Prepared Liquid Glucose 1. batatas

No Physicochemical Liquid glucose Liquid glucose
' properties from enzyme from acid
1. Specific gravity 1.08 1.02
2. Refractive Index at 30 °C 1.42 1.30
3. Viscosity (cP) at 28 °C 1.5282 0.7864
4. Water content (%) 25.67 31.95
5. Total solid (%) 74.33 68.05
6. Sulphated ash (%) 0.048 0.069
7. Colour
(Red) 46.1 0.1
(Yellow) 0.4 62.2
(Blue) 0.3 0.3
8. pH 4.4 4.8
Conclusion

From the overall assessment for the present work concerning with the phytochemical
constituents and liquid glucose from enzyme and acid hydrolysis of 1. Batatas
(Shwe-ka-zun-u) tuber, the following inferences could be deduced. In the present work on the
Sweet Potato tuber sample, preliminary phytochemical tests revealed the presence of alkaloids,
carbohydrates, a-amino acids, flavonoids, glycosides, saponins, steroids, tannins, terpenoids,
phenolic compounds, starch, organic acids and reducing sugars and the absence of cyanogenic
glycosides in it.

Chemical analysis of the tuber sample revealed water, total solid, nitrogen, ash, fat, starch
and crude fiber contents. Qualitative elemental analysis of the tuber sample by Ed XRF method
showed that K, Ca, Fe, Rb and Mn. The results indicated relatively high contents of potassium and
calcium. According to the elemental result, this sample was found to be effective for good;
potassium and calcium are especially important for mineral elements which are necessary for the
body in trace amount. The soluble matter for water, ethanol and petroleum ether were respectively
determined.

The optimum saccharification time for liquid glucose (by using enzyme) was 48 h. The
optimum saccharification time for liquid glucose (by using enzyme) was 48 h. The yield percent
of liquid glucose prepared by enzymatic method and acid hydrolysis method were observed to be
11.95 % and 11.04 % determined by Fehling’s solution volumetric method, and 22.43 % and
21.78 % determined by phenol-sulphuric acid assay, respectively. The dextrose equivalent of these
two prepared liquid glucose were determined by volumetric and spectrophotometric methods, and
found to be (40.37, 75.78) in enzymatic method and (37.30, 73.58) in acid hydrolysis method.

The prepared liquid glucoses from enzyme and acid hydrolysis were characterized by Paper
Chromatographic method.

Physicochemical properties of liquid glucose prepared by hydrolysis with enzyme and acid
such as specific gravity, refractive index, viscosity, water content, total solid, sulphated ash, colour
and pH were determined respectively.

The prepared liquid glucoses were observed as colourless liquid and their identification test
values are in close agreement with literature values.



102 J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A

Acknowledgements

The authors would like to acknowledge to Dr Cho Cho Win, Professor and Head, Dr Khin Than Win,
Professor, Department of Chemistry, Dagon University and Dr Win Naing, Professor and Head (Retd.), Taungoo
University for generously and kindly providing to do this research work. And the authors would like to express our
gratitude to the Department of Higher Education, Ministry of Education, Myanmar, for their permission to do this
research and also the Myanmar Academy of Arts and Science for allowing presenting this paper.

References
AOAC (1995). “Official Methods of Analysis. Association of Official Analytical Chemists”. The Association:
Arlington, 15" Ed., vol. 2, p. 985
A.S.T.M. (1996). “American Standard of Testing and Method”. “Designation”. D. 2515-66, p 430-432
Bowman, W. C. and Rand, M. J. (1980). Textbook of Pharmacology. Oxford: Blackwell Scientific Pub., p 423
Conn, E. E .and Stumpf, P. K. (1972). “Outlines of Biochemistry”. New York: 3""Ed., Wiley and Sons, p 72

Duboiset, M. Gilles, K. A., Hamilton J. K., Rebers, P. A. and Smith, F. (1956). “Colorimetric Method for
Determination of Sugar, and Related Substances”. Anal. Chem., vol. 28, p 350-356

Finar, I. L. (1968). Organic Experiment. New York: 4" Ed., D-C Health and Company, p 132

Jacobs, M. B. (1958). Chemical Analysis of Foods and Food Products. London: D. Van Notstrand Company, Inc., 3
Ed., p 46-47

Joslyn, M.A. (1956). Methods in Food Analysis, Physical, Chemical and Instrumental Method of Analysis. 2" Ed.,
p 483

Lane, J. H. and Eynon, L. (1923). “Chemical Analysis of Foods and Food Products”. Journal of Society Chemical
Industry. vol. 42, p 32-37

M-Tin Wa. (1972). “Phytochemical Screening Methods and Procedures”. Phytochemical Bulletin of Botanical Society
of America Inc., vol. 5(3), p 4-10

Marini, G. B., Bettolo-Nicoletti, M., Patomia, M., Galeffi, C. and Messona, 1. (1981). “Plant Screening by Chemical
and Chromatographic Procedures Under Field Conditions”. J. Chormate., vol. 46(2), pp. 359-363

Monier-Willams, G. W. (1950). Trace Elements in Foods. New York: 2" Ed., John Wiley and Sons, Inc., p. 64
Pearson, D. (1976). “The Chemical Analysis of Foods”. New York: Churchill Livingstone, 7" Ed., p. 493

Puresglove, J. W. (1968). “Tropical Crops: Dicotyledons, Longman Scientific and Technical”. New York: John Wiley
and Sons, Inc., vol. 2, p. 654

Robinson, T. (1983). “The Organic Constituents of Higher Plants”. North Amherst, MA: Cordus Press, 5" Ed., p. 353

Shriner, R. L., Fuson, R. C., Curtin, D. Y. and Morrill, T. C. (1980). The Systematic Identification of Organic
Compounds” A Laboratory Manual, New York: 61 Ed., John Wiley and Sons, p 34-38

Trease, G. E and Evans, W. C. (1996). Trease and Evans pharmacognosy. London: 14" Ed., WB Saunders Company
Limited, p. 191, 293

Whistler, R. L and Wolfrom, M. L. (1964). Methods in Carbohydrate Chemistry. New York: Academic Press, vol. 4,
p. 335



J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A

A STUDY ON SOME WATER QUALITY ASSESSMENT OF GAMOEYIEK
CREEK WATER SAMPLE NEAR NORTH DAGON TOWNSHIP AND
TREATED WITH MORINGA OLEIFERA L. (DANT-DA-LUN) SEEDS
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Abstract

In the present work, the Ngamoeyeik creek water sample was collected from North Dagon
Township, Yangon Region. Some physicochemical properties (pH, turbidity, conductivity, chemical
oxygen demand, biochemical oxygen demand, total alkalinity, total hardness, total suspended solids
and total dissolved solids) of the creek water sample were determined by standard method.
Elemental analysis of some trace elements (Cr, Mn, Fe, Cu, Zn, Pb, Cd, Mg, Ca, K, Na and As) of
the creek water sample were measured by atomic absorption spectrophotometer (AAS).
Bacteriological properties of creek water sample were investigated by AOAC method. The
conventional treatment design for creek water was modified by coagulation and flocculation
approach. In the lab study, the experiments with two parameters such as doses of M. oleifera seeds
powder (1, 2, 3, and 4 g/L) and contact times (1, 2, 3 and 4 h) were conducted to study their effects
on the flocculation process. This process showed in significant reducing of turbidity. The optimum
conditions for water treatment by using M. oleifera (Dant-da-lun) seeds powder are 2 g/L dose and
1 h of contact time. After treatment the observed values of (pH, total suspended solids, total
dissolved solids, Mn, K, Cd, Mg, total coliform and E.coli) are significantly reduced.

Keywords: TDS, pH, Turbidity, M. oleifera seeds

Introduction

Water is one of the most important compounds to the ecosystem. Better quality of water
described by its physical, chemical and biological characteristics. But some correlation was
possible among these parameters and the significant one would be useful to indicate quality of
water, due to increased human population, industrialization, use of fertilizers in agriculture and
man-made activity. It is therefore necessary that the quality of drinking water should be checked
at regular time interval because due to use of contaminated drinking water, human population
suffers from a variety of water borne diseases (Mohamed, 2018). The most important use of water
in agriculture is for irrigation, which is a key component to produce enough food. Irrigation takes
up to 90 % of water withdraw in some developing countries. Other uses are as a scientific standard
for dinking, washing, transportation, chemical uses, heat exchange, fire extinction, recreation,
water industry, industrial application and food processing (Choy, 2015). In future, even more water
will be needed to produce food because the earth's population is forecast to rise to 9 billion by
2050. The availability and quality of water always have played on important part in determining
not only where people can live, but also their quality of life .In rural and undeveloped countries
people living in extreme poverty are presently drinking highly turbid and microbioligically
contaminated water as they lack of knowledge of proper drinking water treatment and also not
afford to use high cost of chemical coagulants. Chemical coagulants like Aluminium sulphate
(alum), FeClz is used in Municipal drinking water treatment plant for purification process
(Hendrawati et al., 2016). This excess use of amount of chemical coagulants can affect human
health e.g., aluminum has also been indicated to be a causative agent in neurological diseases such
as pre- senile dementia. To overcome chemical coagulant problems it is necessary to increase the
use of natural coagulants for drinking water treatment. Naturally occurring coagulants are usually
presumed safe for human health. Some studies on natural coagulants have been carried out and
various natural coagulants were produced or extracted form microorganisms, animals or plants.
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One of these alternatives is Moringa oleifera L. seeds. It is a native tree of the sub-Himalayan parts
of North-west India, Pakistan and Afghanistan. M. oleifera is a perfect example of a so-called"”
multipurpose tree". Earlier studies have found M. oleifera to be non-toxic, and recommended it to
use as a coagulant in developing countries. The use of M. oleifera has an added advantage over
the chemical treatment of water because it is biological and has been reported as edible. M. oleifera
seeds act as a natural absorbent and antimicrobial agent as their seeds contain 1 % active
ployelectrolyte's that neutralize the negatively charged colloid in the dirty water (Sasikala et al.,
2016). This protein can be therefore nontoxic natural ploypeptide for sedimentation of mineral
particles and organics in the purification of drinking water. These seeds are also act as
antimicrobial agent against variety range of bacteria and fungi. The seed contain number of benzyl
isothiocynate and benzyl glucosinolate which act as antibiotic. It is believed that the seed is an
organic natural polymer (Amaglo et al., 2010).

M. oleifera L. is a highly valued plant, distributed in many countries of the tropics and
subtropics Figure 1. Myanmar name of M. oleifera L. is Dant-da-lun. English name and botanical
name are drumstick and Moringa oleifera Lam. Moringaceae is the family of M. oleifera L. and
part of M. oleifera L. is used as seeds.

The aims of the present work, are to investigate the different parameters of  water quality
of Ngamoeyeik creek water sample treated with M. oleifera seeds powder and treated water sample
can be suitably used or not for customers near the creek in crowded area.

Materials and Methods

Sample Collection and Storage

In this research, the water sample was collected from Ngamoeyeik creek near North Dagon
Township. The sample was collected in polyethylene bottles which had been washed with a
detergent and rinsed with water, diluted nitric acid solution and distilled water. Sampling site was
recorded with GPS detector. The sampling site is represented in Figure 2.

Figure 2 Satellite image and sampling site

Determination of Some Physicochemical Properties and Some Bacteriological Activities of
Ngamoeyeik Creek Water Sample

In this research, all chemicals were used of analytical reagent grade. In all investigations,
the recommended standard methods and techniques involving both standard and modern methods
were provided. Some physicochemical properties (pH, turbidity and conductivity) of creek water
sample treated with M. oleifera seeds powder were measured by digital meter (HANNA
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instrument). Total suspended solids and total dissolved solids were determined by filtration and
evaporation methods. Total alkalinity and total hardness were determined by titration methods.
Some trace elements of water sample were detected by AAS method. Bacteriological properties of
creek water sample were investigated by AOAC method (AOAC, 1990).

Coagulation and Flocculation Process

Coagulating material was added to the supernatants formed from sedimentation process,
for determining the effect of the type, dose and time on the coagulation and flocculation of
contaminants (turbidity).

Collection and Preparation of M. oleifera L. (Dant-da-lun) Seeds

Coagulating material used in this study is M. oleifera seeds were collected from Thanlyin
Township, Yangon Region. Good quality of M. oleifera seeds were harvested when they were fully
matured which was determined by observing if there were any cracked pods on the plants. The
pods were plucked and cracked to obtain the seeds which were air dried for 2 week. The seeds are
taken and removed its wings and coat from their seeds. Fine powder was prepared by using mortar
and pestle and this powder was directly used as coagulant for water treatment (Ndabigengesere et
al., 1995).

Effect of Different Doses on the Removal of Turbidity in Water Sample by Using M. oleifera
Seeds Powder

1, 2, 3 and 4 g of M. oleifera seeds powder were added separately into the beakers
containing 1000 mL of water sample. The mixtures in the beaker were stirred  thoroughly for 1
h using glass rod. The suspension was left to stand without disturbance at 1 h and the supernatants
formed were decanted and subjected to determine the turbidity. They are represented in (Figure 3).

Effect of Different Contact Times on the Removal of Turbidity in Water Sample by Using M.
oleifera Seeds Powder

The dose 2 g of M. oleifera seeds powder were added separately into a beakers containing
1000 mL of water sample. The mixtures in the beakers were stirred thoroughly for 1 h using glass
rod. The suspension was left to stand without disturbance at various time 1, 2, 3 and 4 h. The
obtained supernatants were decanted and subjected to determine the turbidity (Figure 4).
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Figure 3 Water samples before and after treatment
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Figure 4 Water samples before and after treatmen




106 J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A

N

Figure 5 Turbidity apparatus and pH meter

Results and Discussion
Collection of Water Sample from Ngamoeyeik Creek

In the present study, creek water sample was collected near North Dagon Township,
Yangon Region on February 2019. The collected water sample was investigated by conventional
methods as well as modern instrumental techniques.

Effect of Different Doses on the Removal of Turbidity in Water Sample by M. oleifera Seeds
Powder

The percent removal of turbidity of water sample is 99.503 %, 99.590 %, 99.408 % and
99.560 %, respectively. The maximum reduction of turbidity was found to be 99.590 % in sample.
According to the results, the effective dose of M. oleifera seeds powder in the removal of turbidity
was found to be 2 g/L. These data are shown in Table 1.

Turbidity in creek water is caused by the presence of suspended matter such as clay, silt,
finely divided organic and inorganic matter, plankton and other microscopic organisms.

Table 1 Effect of Different Doses on the Removal of Turbidity in Water Sample by M. oleifera
Seeds Powder

Doses (g L) Removal of Turbidity (%)
1 99.503
2 99.590
3 99.408
4 99.560

Effect of different contact times on the removal of turbidity in water sample by M. oleifera
seeds powder

In this study, the optimum dose 2 g Lt of M. oleifera seeds powder was used for the removal
of turbidity. The contact times were varied at 1, 2, 3 and 4 h. The percent removal of turbidity of
water sample are 99.570 %, 99.361 %, 99.470 % and 99.343 %, respectively. The maximum
reduction of turbidity was found to be 99.570 % in sample. According to the results, optimum
contact time was 1 h. These data are shown in Table 2.
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Table 2 Effect of Different Contact Times on the Removal of Turbidity in Water Sample by
M. oleifera Seeds Powder

Time (h) Removal of Turbidity (%)
1 99.570
2 99.361
3 99.470
4 99.343

Some Physicochemical Properties of Creek Water Sample Before and After Treatment by
Using M. oleifera Seeds Powder

In the present study, creek water sample was collected from Ngamoeyeik creek, North
Dagon Township. The collected water sample was investigated before and after treatment with M.
oleifera seeds powder (2 g/L dose) by standard methods as well as modern instrumental techniques.
In this research, pH values of water sample were determined as 7.24 and 6.5, respectively. The
observed values of pH were within the WHO standards. These pH values are suitable for aquatic
life. The turbidity values of water sample were recorded as (>1050) NTU and 4.3 NTU,
respectively. According to the visualization and measurement results, the turbidity of water sample
was reduced after treatment of M. oleifera seeds powder (Figures 3 and 4). So M. oleifera seeds
powder removed 90 % to 99 % of turbid in the treated water. The observed values of conductivity
of water sample were recorded as 3.30 uS/cm and 2.9 uS/cm, respectively. The observed values
were lower than WHO standards. The values of biochemical oxygen demand of water sample were
observed 1.0 and 2.0 ppm and chemical oxygen demand were detected 0.65 and 2.32 ppm,
respectively. These results were slightly lower than the WHO standard. The values of total
alkalinity and total hardness of water samples before and after treatment were measured 20, 10 and
204, 250 respectively. The observed values of total alkalinity were within WHO standard and total
hardness were slightly greater than WHO standard. Total suspended solids were observed
18325 and 0.92 ppm and total dissolved solids were recorded as 14.5 and 2.624 ppm,
respectively. High concentration of suspended solid can lower creek water quality by absorbing
light. Suspended solids clog fish gills, reduce growth rates, decrease resistance to disease. All of
these data are shown in Table 3.

Table 3 Some Physicochemical Properties of Ngamoeyeik Creek Water Sample Treatment
with Moringa oleifera L. (Dant-da-lun) Seeds

Parameters Observed values WHO
Before treatment  After treatment  Standard (2017)

pH 7.24 6.5 6.5-8.5
Turbidity (NTU) > 1050 4.3 5-25
Conductivity (uS/cm) 3.30 2.98 600

COD 0.65 2.32 10

BOD 1.0 2.0 5.0

Total alkalinity (ppm of CaCO3) 20 10 90-100
Total hardness (ppm of CaCO3) 204 250 20-200

TSS (ppm) 18325 0.92 150

TDS (ppm) 14.5 2.624 500
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Some Elemental Analysis of Creek Water Sample before and after Treatment by Using M.
oleifera Seeds Powder

Elemental analysis is a process where a sample of some material is analyzed for its
elemental. In this study, some elements (Cr, Mn, Fe, Cu, Zn, Pb, Cd, Mg, Ca, K, Na and As) were
investigated by AAS method. Before and after treatment of water samples, the observed values of
Cr, Fe, Cu, Pb were not measured in the present investigation. The values of Mn, Zn, Cd and As
were determined as 0.046, 0.023, 0.043 and 0.01 respectively. After treatment, Mn, Zn, Cd and As
were not detected. The values of Mg and Ca, before and after treatment of water samples were
determined as 5.108, 4.804 and 18.11, 33.13 respectively. Before and after treatment of water
samples, the observed values of K were as 217.9 and 21.52. The values of Na were recorded as
35.27 and 106.5. After treatment, some metals were not detected. These results are shown in
Table 4.

Table 4 Some Elemental Analysis of Ngamoeyeik Creek Water Sample before and after
Treatment with M. oleifera (Dant-da-lun) Seeds

Parameters Observed values (ppm) WHO
Before treatment After treatment  Standard (2017)
Cr ND ND 0.1
Mn 0.046 ND 0.4
Fe ND ND 0.3
Cu ND ND 1.0
Zn 0.023 ND 3
Pb ND ND 0.01
Cd 0.043 ND 0.003-0.005
Mg 5.108 4.804 50
Ca 11.18 33.13 65
K 217.9 21.52 8
Na 35.27 106.5 30-60
As 0.01 ND -

ND = not detected

Some Bacteriological Properties of Ngamoeyeik Creek Water Sample before and after
Treatment by Using M. oleifera (Dant-da-lun) Seeds

In this present study, before treatment of total coliform was found as 56 cfu/mL in sample.
After treatment with M. oleifera seeds powder, the number of total coliform was recorded as
10 cfu/mL in sample. The results are presented in Table 5.

In this present study, before treatment of E. coli was found as 7 cfu/mL in sample.
After treatment with M. oleifera seeds powder, the number of E. coli was recorded as 1 cfu/mL in
sample. The results are presented in Table 5.

Table 5 Some Bacteriological Properties of Ngamoeyeik Creek Water Sample before and
after Treatment by Using M. oleifera (Dant-da-lun) Seeds

Parameters Observed values (cfu/mL) WHO
Before treatment After treatment  Standard (2017)
Total coliform 56 10 0

E. coli 7 1 0
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Conclusion

The water sample from Ngamoeyeik Creek at North Dagon Township, Yangon Region
were collected and their physicochemical properties by conventional methods and modern
instrumental techniques, elemental analysis by AAS method, bacteriological properties of before
and after treatment by AOAC method using M. oleifera seeds powder. According to the overall
results, it was concluded that M. oleifera seeds are the effective natural bioflocculants for water
treatment process with low environmental risks. Therefore, M. oleifera seeds can be applied as
environmental friendly biosorbent material for multi-purposes. This research program can
contribute economically and environmentally entire society of Myanmar especially in the rural
areas where no facilities are available for the treatment of drinking water.
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STUDY ON WATER QUALITY AND TREATMENT OF TUBE WELL
WATER SAMPLES FROM SHWEBO TOWNSHIP, SAGAING REGION

Su Lay Yee!, Tin Tin Latt? and Nwe Thuzar Htwe?®

Abstract

In this study, the water samples were collected from three different locations of Shwebo Township,
Sagaing Region. Collected water samples were treated by filtration method by using chipping stones
(2™, rice husk char (2") and sand (2").Physicochemical parameters such as pH, turbidity, total
suspended solid (TSS), total dissolved solid (TDS), total hardness, total alkalinity, chloride, salinity,
dissolved oxygen (DO), chemical oxygen demand (COD), biochemical oxygen demand (BOD) of
water samples before and after treatment were also investigated by standard method. The mineral
elements such as sodium (Na), magnesium (Mg), calcium (Ca) and lead (Pb) contents were also
analyzed by atomic absorption spectrometer and arsenic content was determined by arsenator. The
obtained results were compared with the WHO standard. The result of mineral determination
revealed sodium (Na), Calcium (Ca) and magnesium (Mg) composition in water samples of before
and after treatment were found to be within the WHO standard. Furthermore, toxic element lead and
arsenic were not detected all samples of before and after treatment. However, water samples showed
high total suspended solid (TSS), total dissolved solid (TDS), total alkalinity, chloride, salinity,
biochemical oxygen demand (BOD) values indicating poor water quality.

Keywords: water quality, physicochemical parameters, ground water, filtration

Introduction

The quality of water is vital concern for mankind because it directly linked with human
health. Now a day, the menace of water borne diseases and epidemics still looms large on the
horizons of developed and developing countries. The polluted water is the culprit in all such cases.
We need water every day for various domestic, irrigation and drinking purposes (Degremont,
1991). Groundwater is generally considered to be much cleaner than surface water. However,
several factors such as discharge of industrial, agricultural and domestic wastes, land use practices,
geological formation, rainfall patterns and infiltration rate affect the groundwater quality. Water
gets polluted due to contamination by foreign matter such as microorganism, chemicals, industrial
or other wastes. The major problem with the ground water is that once contaminated, it is difficult
to restore its quality. Hence there a great need for the protection and management quality.
Therefore, the physical and chemical parameters of the particular area will be changed. The quality
of water varies with depth of water. Seasonal changes are governed by the extent and composition
of dissolved salts depending upon subsurface environment (Saravanakumar, et al., 2011). The main
objectives of the physicochemical parameters are to know the suitability of the ground water for
domestic and drinking purposes.

Physicochemical Parameters

It is very essential and important to test the water before it is used for drinking, domestic,
agricultural or industrial purpose. Water must be tested with different physicochemical parameters.
Selection of parameters for testing of water is solely depends upon for what purpose we going to
use that water and what extent we need its quality and purity. Pollution of groundwater is an
impairment of quality by chemicals, heat or bacteria to a degree, that does not necessarily create
and actual public health hazards, but does adversely affect such water for domestic, farm,
municipal or industrial use. Water does content different types of floating, dissolved, suspended
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and microbiological as well as bacteriological impurities. Some physical test should be performed
for testing of its physical appearance such as temperature, color, odour, pH, turbidity, TDS etc.,
while chemical tests should be performed for its BOD, COD, dissolved oxygen, alkalinity,
hardness and other characters (Ellis, 1989).

Trace Elements in Water

Trace elements are generally present in small concentration in natural water system. Many
trace elements are essential nutrients however certain trace elements such as As, Cd, and Hg are
known to be persistent environment contamination and toxic to most form of life. Trace elements
are generally present in small concentration in natural water system (Adeyeye, 1994). Sodium and
potassium are chemical commonly found in soils and rocks. Sodium and potassium are often
associated with chloride and bromide. In these forms they readily dissolve in water. In soil
containing appreciable amounts of clay, these metals are not mobile. Consequently, concentration
increases as residence time in ground water increases.

Lead in a naturally occurring toxic metal found in the Earth’s crust. Drinking water
delivered through lead pipes or pipes joined with lead solder may contain lead. Much of the lead
in global commerce is now obtained from recycling (Adefemi and Awokunmi, 2010). Its
widespread use has resulted in extensive environmental contamination, human exposure and
significant public health problems in many parts of the world.

Arsenic (As) is a naturally occurring element, due to the presence of arsenical minerals,
volcanic emissions and inputs from geothermal sources as well as a consequence of anthropogenic
activities, such as mining activities, combustion of fossil fuels and the use of arsenical pesticides.
Arsenic exists in both organic and inorganic forms in nature; inorganic arsenic is mostly found in
natural water systems (Malana and Khosa, 2011). Long-term exposure to arsenic from drinking
water and food can cause cancer and skin lesions. It has also been associated with cardiovascular
disease and diabetes. The world health organization (WHO) guideline value of arsenic in drinking
water is 10 ppb.

Material and Methods
Collection of Samples

In this study, water samples were collected from Shwebo Township, Sagaing Region
(Figure 1). Water supplies were throughout this area mostly from tube wells as well as Mahar
Nandar pond. Three water samples were collected from different sites (Table 1). The sampling was
carried out in January, 2019. The sample bottles were labelled with date and sampling source and
immediately brought to the laboratory. The samples were analysed for their physicochemical
parameters for water quality.

g]
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Figure 1 Map of sample collected area
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Table 1 Location of Sampling Sites

Sample Latitude (N) Longitude (E) Depth of tube well
1 22° 33.580' 095° 41.567' 365 ft
2 22° 33.601' 095° 41.598' 1100 ft
3 22° 33.594' 095° 41.586' 650 ft

Preparation of Water Treatment System

Filtration is a process which improved the water quality by the removal of suspended solids,
colloidal matter and the reduction of number of bacteria, colour, odour etc. Sand filters are used as
a step in the water treatment process of water purification. Rice husk char is used for adsorption of
pollutant from water and waste water. Therefore, a filter was designed, using locally available
adsorbents, such as rice husk char, sand and chipping stone which removes the physical and
chemical impurities from water. Collected water samples were filtered by use of chipping stones
(2"), rice husk char (2") and sand (2").

A

Chipping
<+———— Rice husk char

Sand
- Filter cloth

Figure 3 Filtration of water sample

Determination of Physicochemical Properties

The experiments and measurements were carried out at the Department of Chemistry,
Shwebo University. The samples were analyzed for their physicochemical parameters such as pH,
turbidity, total suspended solid, total dissolved solid, total hardness, total alkalinity, dissolved
oxygen, chemical oxygen demand, biochemical oxygen demand, trace element (Na, Ca and Mg)
and toxic elements (Pb and As) contents by using standard method (APHA,1985). AR grade
reagents were used for the analysis and distilled water was used for preparation of solutions. The
methods used for estimation of various physicochemical parameters are tabulated in Table 2. The
result data was compared with WHO drinking water standard (WHO, 2012).
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Table 2 Methods Used for Determination of Physicochemical Parameters

No. Parameter Method

1 pH pH meter

2 Turbidity Turbidimeter

3 TDS and TSS Filtration method

4 Total hardness EDTA- titration method

5 Alkalinity Acid base titration method

6 Chloride and salinity Silver Nitrate method

7 DO lodometric method

8 COD Palintest photometer 7500

9 BOD Lovibond-BD 600 photometer
10 Na, Mg, Ca, Pb Atomic absorption spectrometer
11 As Arsenator

Results and Discussion
Physical Parameters of Water Samples

Some physical parameters of water samples are summarized in Table 3. The pH value of
water sample before treatment was found to be 8.02 to 8.37 and pH values were found to be
7.72 to 7.78 after treatment. The acceptable pH for WHO standard is between 6.5 and 8.5 usually
indicating good quality. If the pH is less than 6.5, it discontinues the making of vitamins and
minerals in the human body. More than 8.5 pH values cause the taste of water saltier. The pH value
of water sample before and after treatment exist within the standard range. The turbidity value of
water sample before treatment was found to be 2.13 to 2.99 NTU. The turbidity value of the water
sample after treatment were found to be 0.25 to 0.87 NTU. Turbidity should ideally be below
5 NTU, since the appearance of water with a turbidity of less than this value is usually acceptable
to consumers.

Solids refer to the suspended and dissolved matter in water. the total suspended solid value
of water sample before treatment were found to be 200 to 800 ppm. The acceptable total suspended
solid value for WHO standard is 150 ppm. The total suspended solid values of water before
treatment exist higher than the standard range and the total suspended solid of all water samples
decrease to 200 ppm after treatment. In this research, the total dissolved solid of water samples
before treatment were found to be 1000 ppm and after treatment were 757 to 986 ppm. The
acceptable total dissolved solid value for WHO standard is 500 ppm. The total dissolved solid
value of water sample before and after treatment were over the standard range. These water samples
also found high alkalinity, chloride and salinity. Hence, these samples were not acceptable to use
as drinking water.

Table 3 Physical Parameters of Water Samples before Treatment and after treatment

Sample pH Tl(Jl\rlk_)I_'S')ty TSS (ppm) TDS (ppm)
*BT *AT *BT *AT  *BT *AT  *BT  *AT
1 837 7.75 299 0.25 200 200 1000 953
2 8.02 778 213 0.87 300 200 1000 757
3 830 7.72 259 0.60 800 200 1000 986
WHO standard (2017) 6.5-8.5 5 150 500
*BT = Before Treatment *AT = After Treatment

*TDS = Total Dissolved Solids *TSS = Total Suspended Solids
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Figure4 Comparison of pH, turbidity, TSS and TDS of water samples for before
treatment and after treatment

Chemical Parameters of Water Samples

The values of some chemical parameter found in water samples were shown in Table 4 and
Figure 5. Regarding total hardness of all studied samples considered safe for drinking purposes,
the hardness value of water sample before treatment were found to be 112 to 180 ppm of CaCOsa.
The hardness values of the water sample after treatment were found to be 56 to 80 ppm of CaCO:s.
The acceptable hardness value for WHO standard is 500 ppm of CaCOs. These results showed that
hardness of water was good agreement with WHO standards.

Alkalinity of water is measure of its capacity to neutralize acids. This is due to the primarily
salts of weak acids or strong bases. Bicarbonates represent the measure form of alkalinity. The
alkalinity values of water samples before treatment were found to be 300 to 700 ppm of CaCOs.
The alkalinity values of the water samples after treatment were found to be 280 to 520 ppm of
CaCOz. The acceptable alkalinity value of drinking water for WHO standard is 150 ppm of CaCOs.
The alkalinity values of both water samples of before and after treatment were found to be higher
than the standard range. High alkalinity may be due to presence of salts of metal ions.

High chloride ion concentration indicates organic pollution in the water. Chloride is a
natural substance present in all portable water as well as sewage effluents as metallic salt. In the
study area, the chloride ranged from 480 to 600 ppm for before treatment and after treatment, it
was found to be 400 to 450 ppm. The chloride values were greater than the drinking water quality
standards. The reported the range of chloride was 250 ppm. The water salinity found range from
896 to 1113 ppm for before treatment and 752 to 826 ppm after treatment which is higher than the
maximum permissible limits 500 ppm.

Table 4 Chemical Parameters of Water Samples before Treatment and after treatment

Sample Total hardness  Total alkalinity ~ Chloride Salinity
(ppm of CaCOs) (ppm of CaCOs) (ppm) (ppm)
*BT *AT *BT *AT *BT *AT *BT  *AT
1 112 80 700 520 600 400 1113 752
2 172 56 300 280 480 400 896 752
3 180 72 400 320 600 450 1113 826
WHO standard (2017) 500 150 250 500

*BT = Before Treatment, *AT = After Treatment,
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Figure5 Comparison of total hardness, total alkalinity, chloride and salinity of water samples
before treatment and after treatment

Biochemical Parameters of Water Samples

Some biochemcal characteristics of water samples were shown in Table 5 and Figure 6.
Dissolved oxygen (DO) reflects the physical and biological processes prevailing in the water. The
DO values indicate the degree of pollution in water bodies. In this research, the dissolved oxygen
of water samples before treatment were found to be 1.46 to 3.25 ppm. The dissolved oxygen of the
water sample after treatment were found to be 1.35 to 2.75 ppm. The dissolved oxygen values of
water samples were within the acceptable WHO standard (<5 ppm).

BOD and COD are two common measures of water quality that reflect the degree of organic
matter pollution of a water body. So, poor quality of water such as high COD, BOD can cause
waterborne diseases like diarrhea, cholera etc. COD of water samples before treatment were found
to be in the range of 0.02 to 0.28 ppm. COD values of the water sample after treatment were found
to decrease to 0.01 ppm. The chemical oxygen demand values of water samples were within the
standard range.

BOD is used for determination of requirement of oxygen for stabilizing household and
industrial wastes. The effluents disposed by domestic and industries into the surface and ground
water contaminate the quality of the water which can be assessed by BOD determination (Sawyer,
et al., 1994). According to WHO drinking water standard, BOD should not exceed 6 ppm. The
biochemical oxygen demand (BOD) of water samples before treatment was found to be 4 to 9 ppm.
The biochemical oxygen demand of the water samples after treatment were found to be 3 to 7 ppm.
The biochemical oxygen demand of water samples 2 and 3 were found higher than the standard
range.

Trace Elements of Water Samples

The results of the mineral elements concentration in water samples are shown in Table 6
and Figure 7. According to the AAS results, Na contents of water samples were found in the range
of 172.3 to 175.3 ppm before treatment and it was found in the range of 145.0 to 166.2 ppm after
treatment. The sodium content of samples was found to be high as well as salinity. Mg contents
were 7.052 to 9.314 and 5.238 to 6.844 ppm before treatment and after treatment respectively. Ca
contents were 8.951 to 10.665 and 6.197 to 6.821 ppm before treatment and after treatment,
respectively. According to the results of sodium, calcium and magnesium composition of all water
samples before and after treatment were also found to be within WHO acceptable level of drinking
water. Toxic elements Pb and As were not detected in all samples.
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Table 5 Biochemical Parameters of Water Samples before Treatment and after Treatment

Sample DO (ppm) COD (ppm) BOD (ppm)
*BT *AT *BT *AT *BT *AT
1 3.25 2.75 0.02 0.01 4 3
2 2.89 2.56 0.28 0.01 8 7
3 1.46 1.35 0.25 0.01 9 7
WHO standard (2017) 5 10 6
*BT = Before Treatment *AT = After Treatment *DO = Dissolved Oxygen
*COD = Chemical Oxygen Demand *BOD = Biochemical Oxygen Demand

H Before treatment W After treatment

DO CcoD BOD

Figure 6 Comparison of DO, COD and BOD of water samples before treatment and after
treatment

Table 6 Element Contents of Water Samples before Treatment and after treatment

Mineral Relative abundance of elemental contents (ppm) WHO
element Before Treatment Before Treatment standard
Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3 (2017)
Na 173.9 175.3 172.3 145.0 166.2 165.4 200
Mg 8.040 7.052 9.314 5.556 5.238 6.844 150
Ca 8.981 8.951 10.665 6.775 6.821 6.197 75
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.01
As 0.00 0.00 0.00 0.00 0.00 0.00 0.001
o m oy Before treatment M After treatment
S
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Figure 7 Comparison of Na, Mg and Ca contents of water samples before treatment and after
treatment
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Conclusion

The water samples were collected from different locations of Shwebo Township, Sagaing
Region. The water samples were treated by filtration of chipping stones (2"), rice husk char (2")
and sand (2"). The water samples of before and after treatment were analysed for physicochemical
properties, trace elements and heavy metals pollution. According to the experimental results, total
suspended solid (TSS), total dissolved solid (TDS), total alkalinity, chloride, salinity and
biochemical oxygen demand (BOD) of water samples were found higher than WHO standard. But
these physicochemical parameters could be reduced after filtration. Na, Mg and Ca contents of all
water samples before and after treatment were also found to be within WHO acceptable level of
drinking water. Furthermore, toxic elements such as lead and arsenic were not detected in all of
the samples, before and after treatment. The water samples from the study area cannot be regarded
as being of good quality for drinking. Based on the results of this research, chipping stone, rice
husk char and sand can be considered as low cost and locally available natural filter for removing
of some impurities from tube well water. Thus, it was attributed to lack of adequate protection for
most ground water sources especially the public ones.
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REMOVAL OF CALCIUM ION FROM WATER BY LUFFA SPONGE
L. AEGYPTIACA

Thin Thin Swe!, Su Myat Noe?

Abstract

Hardness is one of the common water quality problems throughout the world. Luffa sponge can be
used as a sorbent material to reduce dissolved calcium and magnesium in hard water. This paper
deals with removal of calcium ions from water by using luffa sponge as a sorbent. The luffa sponge
sample was collected from Taunggyi Township, Shan State. In order to find out the types of organic
constituents present in luffa sponge sample, preliminary phytochemical investigation was carried
out by test tube method. Some physicochemical parameters such as ash, moisture and fibre contents
of luffa sponge were determined by AOAC methods. The alkali modified luffa sponge sample was
prepared by treating with NaOH solution. The feasibility of alkali modified luffa sponge as metal
ions adsorbent for Ca?* ions from aqueous solution was studied in bath experiments at room
temperature. Sorption efficiency of alkali modified luffa sponge for calcium ions was investigated
by varying pH, initial metal concentration, contact time and sorbent dose. The residual metal ions in
aqueous solution will be determined by complexometric titration. Alkali modified luffa sponge and
metal loaded alkali modified luffa sponge were characterized by EDXRF and  FT IR analyses. It
was inferred that alkali modified luffa sponge can be considered as an effective sorbent in the
treatment of hard water.

Keywords: AOAC methods, hard water, calcium removal, luffa sponge, phytochemical
investigation

Introduction

Luffa (Luffa cylindrica(L.) Rome syn L. aegyptiaca Mill.) commonly called sponge gourd,
luffa, vegetable sponge, bath sponge or dish cloth gourd, is a member of cucurbitaceous family.
Luffa sponge contains an abundance of oxygen-containing functional groups such as phenolic,
alcoholic, ketonic structures which can serve as adsorption sites for binding metals and will form
sorbent-metal macromolecular complexes with high stability through ionic and coordinate covalent
bonding. This feature is the basis for the application of luffa sponge in the removal of metal
contaminants from water (Adie et al., 2013). Calcium is unique among nutrients, in that the body’s
reserve is also functional increasing bone mass is linearly related to reduction in feature risk.
Calcium that reaches the lower small intestine actually protests against kidney stones by binding
oxalic acid in food and reducing its absorption. Calcium ingested from water together with food
would have the same effect. Epidemiological evidence is strong that dietary calcium reduces the
incidence of kidney stones (Cotruvo et al., 2009). In recent years, faced with the need for new
material more efficient, economical, biodegradable, use of plant material for the disposal of toxic
products in aqueous effluents has received a significant credibility. Adsorption process is
considered as the most effective technique for remediation of contained water owing to its technical
feasibility and cost-effectiveness. Luffa sponge may provide an alternative option and be used to
partly replace the activated carbon (AD et al., 2015). The main aim of this work is to modify luffa
sponge by using alkali and to apply it in the treatment of hard water.

Materials and Methods
Sample Collection and Preparation

Luffa sponge sample (L. aegyptiaca) was chosen to use as a sorbent in this work. Luffa
sponge was collected from Taunggyi Township, Southern Shan State in December, 2018. The
sample was cut into small strips and washed with distilled water and dried in oven at 105 °C for

! Dr, Associate Professor, Department of Chemistry, Taunggyi University
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24 h. 1t was then ground to fine power and stored in air-tight container. Tap water sample was
collected from Taunggyi University Campus.

Phytochemical Investigation on Luffa Sponge Sample

In order to find out the types of organic constituents in luffa sopnge sample, preliminary
phytochemical investigation was carried out by test tube methods.

Determination of Moisture, Ash and Fiber Contents

The physicochemical parameters such as moisture, ash and fiber contents of luffa sponge
were determined by AOAC methods (AOAC, 1996).

Investigation on the Removal of Calcium (1) lons from Aqueous Solution
(@) Modification of luffa sponge

Dried luffa sponge (1 g) was soaked for 24 h and then washed with distilled water. Then,
it was dried in oven at 105 °C for 24 h to obtain dried material. And then, this dried material was
grinded with electric grinder. After powder was achieved, this powder was treated with 2 M NaOH
for 24 h and then stirred at 30 min and placed at room temperature for overnight. Treated carbon
was achieved. It was washed with distilled water after dried in furnace. Finally alkali modified
sample was obtained (Abay, 2015).

(b) Preparation of stock solution

Aqueous stock solution (1000 mg L) of calcium (I1) ions was prepared by dissolving
calcium chloride in deionized water. Solutions of desired metal concentrations were then prepared
by dilution of the stock solution with deionized water. Fresh dilutions were used for each study.
The pH of the solutions was adjusted by using 0.1 M hydrochloric acid and 0.1 M sodium
hydroxide.

(© Effect of pH on metal sorption

The sorption studies were carried out by batch technique. The initial concentration of
calcium solution was 200 mg L. In order to determine the effect of different pH on sorption, metal
solution was divided into six samples and their pH was adjusted to 2, 3, 4, 5, 6, and 7. For each
test run, 5 g of modified luffa sponge sample was added into a 100 mL of the metal solution. The
suspension was then shaken in a shaker for 1 hour at room temperature. At the end of equilibrium
time, the sample was separated by decantation. The residual metal ion in aqueous layer was
determined by complexometric titration using EBT indicator (Vogel, 1962).

(d) Effect of initial metal concentration on sorption

The concentrations of metal ion solutions prepared from their respective stock solutions
were: 5, 10, 50, 100, 200, 500, and 1000 mg L. The pH for experiment was taken as optimal pH
6. For each test run, a 100 mL of the metal solution was added into 5 g of modified luffa sponge
sample. The suspension was then shaken in a shaker for 1 h at room temperature. At the end of
equilibrium time, the sample was separated by decantation. The residual metal ion in aqueous layer
was determined by complexometric titration using EBT indicator (Vogel, 1962).

(e) Effect of contact time on metal sorption

A five-gram of modified luffa sponge sample was mixed with 100 mL of metal ion solution.
The initial concentration of metal solution was 200 mg L. The pH for experiment was taken as
optimal pH 6. The sample solution was shaken with shaker for a predetermined time interval. The
time intervals for test runs were: 10, 20, 30, 40, 50, 60 and 90 min. At the end of prescribed contact
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time, the residual solution was analyzed for Ca®* ion by complexometric method. The equilibrium
time is defined as the contact time required for the metal concentration in the solutions to reach
constant value.

(f)  Effect of sorbent doses on metal sorption

Dependence of metal sorption on the sorbent dose was studied by varying the amount of
modified luffa sponge sample from 1 to 9 g L*, while keeping other parameters (pH, metal
concentration and contact time) constant. The pH was adjusted to the optimal pH 6. The initial
concentration of metal solution was 200 mg L. The contact time was 1 h. The residual metal
content was determined by complexometric titration.

Characterization of Luffa Sponge Sample
(@) Determination of relative abundance of elements (EDXRF)

The elements present in the modified and calcium loaded luffa sponge were measured by
means of an EDXRF spectrometer at the Department of Physics, Taunggyi University.

(b) Determination of FT IR spectrum
Functional groups present in the modified and calcium loaded luffa sponge were analyzed
by using FT IR spectrometer at Department of Chemistry, Taunggyi University.
Determination of Hardness of Tap Water before and after Treatment by Luffa Sponge
(@) Determination of total hardness

The 10 mL each of the water samples before and after treatment was pipetted out into a
clean conical flask. The 1 mL ammonia buffer and 1 drop of EBT indicator were added and titrated
against EDTA from the burette. The end point was the change of colour from wine red to clear
blue.

(b) Determination of permanent hardness

The 100 mL of the given sample of water was pipetted out into a clean beaker and boiled
for 60 min. It is then filtered to remove the precipitate formed due to the decomposition of
temporary hardness producing salts. The filtrate was made up to 100 mL in standard measuring
cylinder using distilled water. The 10 mL of the solution is pipetted out into a conical flask. The
1 mL ammonia buffer and 1 drop of EBT indicator were added and titrated against EDTA from the
burette. The end point is the change of colour from wine red to clear blue.

(© Determination of temporary hardness
The temporary hardness was calculated from the total and permanent hardness.
Temporary hardness = Total hardness — Permanent hardness

Results and Discussion
Phytochemical Investigation of Luffa Sponge

According to the phytochemical investigation of luffa sponge, glycoside, protein,
polyphenol and carbohydrate were present in the sample while alkaloids, o-amino acids,
flavonoids, reducing sugars, saponins, starch, steroids, terpenoids and tannins were not present in
luffa sponge. These phytochemicals do not adversely affect water when luffa sponge is used as a
sorbent in water.
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Moisture, Ash and Fiber Contents of Luffa Sponge

The physicochemical parameters such as moisture, ash and fiber contents of luffa sponge
were determined. It was found that fiber was present as major constituent in luffa sponge and the
result are shown in Table 1.

Table 1 Physicochemical Parameters of Luffa Sponge
No. Parameters Content (%)
1 moisture 10.40
2 fiber 69.23
3 ash 0.40

Modification of Luffa Sponge

Alkali modified luffa sponge was used for the adsorption of water hardness. The purpose
of treating luffa sponge using NaOH is to increase the number of adsorption sites on the surface of
sorbent. The treatment with alkali chemically modifies the surface of luffa sponge fiber. The main
action of NaOH on the fiber is to remove the lignin binder of the cellulosic material (Abay, 2015).

Sorption of Calcium onto the Modified Luffa Sponge

The feasibility of modified luffa sponge as metal ion adsorbent for removing calcium ions
from aqueous solution was investigated. The effects of various experimental parameters (pH, metal
concentration, contact time and sorbent dose) were studied in batch sorption experiments at room
temperature. Luffa sponge was found to absorb Ca?* ions employed in the study.

The effect of pH on % removal of calcium ions is shown in Table 2 and Figurel. The
minimum percent removal of Ca?* ions was at pH 2. As the pH of the solution increased from 2 to
7, calcium ions showed an increase in binding to the sorbent with optimum binding occurring at
pH 6. The percent removal of Ca?" ion from aqueous solution of 200 mg L initial metal
concentration onto modified luffa sponge at 5 g L dose after 60 min contact time was 75.49 % at
pH 6. It was observed that the percent removal of Ca?* ions decreased with further increased in pH
beyond the optimum pH. This finding has been attributed to the formation of anionic hydroxide
complexes that decreased the concentration of free metal ions, thereby the sorption capacity of
metal ions accordingly decreased (Stephen and Sulochana, 2004).

Table 2 Effect of pH on % Removal of Calcium lon by Luffa Sponge.
pH 2 3 4 5 6 7
Percent removal of
Ca*ion (%)

(initial calcium concentration = 200 mg L™%; sorbent dose = 5 g L!; contact time = 60 min)

8.82 29.41 46.08 65.68 7549 64.70
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Figure 1 Effect of pH on calcium removal by luffa sponge (initial calcium concentration =200 mg
Lt; sorbent dose =5 g L; contact time = 60 min).

Effect of initial metal concentration on Ca?" ions removal by modified luffa sponge is
showed in Table 3 and Figure 2. Initial concentrations of Ca?* ions were varied from 5 to 1000 mg
L while keeping other parameters fixed at their optimal values. It was observed that percent
removal of metal decreased with increase in initial metal concentration. At their respective optimal
pH, high percent removal of Ca?*, 84.90 % was observed at initial metal concentration, 5 mg L.
When initial concentration was varied from 5 to 1000 mg L, the percentage of metal removal
markedly decreased. The absolute amount of metal removal per unit mass of luffa sponge
significantly decreased with increasing initial metal concentration. This can be attributed to the
increase of contact between metal ion and adsorbent. Thus, initial metal concentrations have a
considerable effect on binding of metal ions to the sorbent and concentration always correlated
with the quantity of metal fixed on the material. At lower concentration, the ratio of initial number
of mole of metal ions to the available surface area is larger (Yu et al., 2003).

Table 3 Effect of Concentration on % Removal of Calcium lon by Luffa Sponge

Initial metal
concentration 5 10 50 100 200 500 1000
(mgL)
Percent removal of
Ca?*ion (%)

(sorbentdose =5gL™Y; pH=6; contacttime =60 min)

8490 80.05 7849 7636 7549 73.70 3440
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Figure 2  Effect of initial metal concentration on calcium removal by luffa sponge
(sorbentdose =5gL?; pH=6; contacttime =60 min)

Time-dependency studies offered data about the change in metal removal related to time.
In this study, the minimum time necessary for modified luffa sponge to be in contact with the metal
ion solutions was elucidated. The percent removal Ca?* ions with respect to contact time for initial
metal concentration of 200 mg/L onto modified luffa sponge at 5 g L™ dose at pH 6 was studied
by varying the contact time from 10 to 90 min. After that the rate of Ca®* ions removal increased

gradually and reached the equilibrium value at about 60 min. The results are presented in Table 4
and Figure 3.

Table 4 Effect of Contact Time on % Removal of Calcium lon by Luffa Sponge

Contact Time (min) 10 20 30 40 50 60 90

Percent removal of
CaZ*ion (%)

(sorbentdose =5g L% pH=6; initial calcium concentration =200 mg L)

5392 5392 5490 64.70 6568 7549  75.49
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Figure 3 Effect of contact time on calcium removal by luffa sponge

(Sorbent dose =5 g L™Y; pH=6; initial calcium concentration = 200 mg L)



J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A

The dependence of Ca?* ions removal on sorbent dose were studied by varying the amount
of sorbent, modified luffa sponge, from 1 to 10 g L™, while keeping other parameters at constant.
The results are presented in Table 5 and Figure 4. As the absorbent dosage increased from 1to 9 g
L1, the percentage of Ca?* ions removal increased from 65.68 % to 87.25 %. With more than 8 g
L! of sorbent dose, the equilibrium of calcium removal was reached and the percent of removal
remained stable. Increasing the dose further did not affect the percentage removal. To sum up,
increase in Ca?* ions removal with increase in modified luffa dose is due to the greater availability
of exchangeable sites or surface area at higher concentration of the sorbent. However, after a
certain dose of sorbent, the maximum sorption is attained and hence the amount of ions bound to
the sorbent and amount of free ions remains constant even with further addition of sorbent (Adbel-

Ghani et al., 2007).

Table 5 Effect of Sorbent Dose on % Removal of Calcium lon by Luffa Sponge

Sorbent dose

L 2 3
QL")

4 5

7

Percent removal

of Ca2*ion (%) 65.68 66.67 67.64 68.63 7549 7745 8529 87.25 87.25

(initial calcium concentration = 200 mg L; contact time = 60 min; pH = 6)

90
g %0 87.25
= 75.49
>
£
o 70
2
-
c
[J]
£ 60
a

50

1 2 3 4 5 6 9
Dose of Sorbent (g/L)

Figure 4 Effect of sorbent dose on calcium removal by luffa sponge

(initial calcium concentration = 200 mg L™*; contact time = 60 min; pH = 6)

Characterization of Modified and Calcium Loaded Luffa Sponges

(a) EDXRF Analysis

EDXRF spectra of the samples shown in Figures 5 represent the relative abundance of
elements present in modified and calcium loaded luffa sponges samples. According to qualitative
EDXRF analysis Cl, S, K, P, Fe, Br, Cu and Zn were found to be present in modified luffa sponge.
Figure 5(b) shows the presence of Ca?* ion sorbed on luffa sponge.
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Figure 5 EDXRF spectra of (a) modified and (b) calcium loaded luffa sponges

(b) FT IR Analysis

FT IR spectra of modified and calcium loaded luffa sponge are showed in Figures 7 and 8.
FT IR spectrum of modified luffa sponge exhibited stretching frequency of —OH groups at 3600-
3200 cm™. Aliphatic C—H stretching vibration was observed at 2900 cm™. The band at 1560 cm™
was attributed to C=C stretching vibration of aromatic and aliphatic rings. The bands between 1470
and 1120 cm™ were provided from —CH, bending. From the analysis of IR spectrum, it may be
inferred that ionisable (carboxylic and phenolic groups) and polar functional groups (hydroxyl,
methoxy) abundantly consist of luffa sponge. Characteristic vibration of metal- oxygen bonding
was observed at 840-860 cm™ and 850 cm™ for calcium loaded modified luffa sponge.

-
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Figure 7 FT IR spectrum of modified luffa sponge
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Table 6 Infrared Spectral Data of Modified Luffa Sponge

Observed band (cm™) Mode of vibration
v _ . (O-H Stretching of O—H stretching of aromatic or
3600-3200 O-H" ] o
aliphatic alcohol; carboxylic acid)
2000 Ve (aliphatic C-H Stretching)
1680 Veso (C=0 Stretching of carbonyl group)
1560 Vee (aromatic or alkenic stretching vibrations)
1470 SC_H(out of plane C-H deformation)
1120 SciH (in plane deformation of C-H)
w i\
»“ r" “{’
0 [ \/ I|I
| |
0 | “
a0 M - == i
Figure 8 FT IR spectrum of calcium loaded luffa sponge

Hardness of Tap Water Sample before and after Treatment

Hardness in tap water is due to the presence of dissolved salts of calcium and magnesium.
It is unfit for drinking, bathing, washing and it also forms scales in boilers. Hence it is necessary
to estimate the amount of hardness producing substances present in water sample. The hardness

of tap water collected from Taunggyi University Campus was reduced by alkali modified luffa
sponge.

Table 8 Hardness of Tap Water Sample before and after Treatment with Luffa Sponge

Before treatment After treatment o .
Hardness (ppm as CaCO3) (ppm as CaCO3) % Reduction
Total hardness 280 130 53.57
Permanent hardness 170 40 76.47

Temporary hardness 110 90 18.18
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Conclusion

According to phytochemical results, glycoside, protein, polyphenol and carbohydrate were
present in the sample. According to physicochemical parameters study, fiber was present as major
constituent in luffa sponge. Sorption efficiency of modified luffa sponge for calcium (11) ion (Ca?*)
was investigated by varying pH, initial metal concentration, sorbent dose and contact time. The
highest removal efficiency was observed for calcium at pH 6. The optimum percent removal of
calcium from 200 g L* solution by modified luffa sponge (5 g L™* dose) was 75.49 % of calcium,
after 60 min contact time. The characterization of alkali modified and metal loaded alkali modified
luffa sponge was carried out by EDXRF and FT IR analyses. From the analysis of FT IR spectrum,
it may be inferred that ionisable (carboxylic and phenolic groups) and polar functional groups
(hydroxyl, methoxy) abundantly consist of luffa sponge. The characteristic vibration of metal-
oxygen bonding was observed the spectra of metal loaded modified luffa sponge samples. It was
observed that the hardness of tap water collected from Taunggyi University Campus can be
reducedby modified luffa sponge. It was found that the total hardness, permanent hardness and
temporary hardness of tap water were reduced. It was inferred that alkali modified luffa sponge
can be considered as an effective sorbent in the treatment of hard water. Removal of other metals
such as Cd, Cu, Pb, Ni, Zn from water should also be studied by using luffa sponge as a sorbent.

Acknowledgements

The authors would like to thank the Myanmar Academy of Arts and Science for allowing to present this
paper. The authors also thank to Professor and Head Dr Ah Mar Yi, Department of Chemistry, Taunggyi University
for her invaluable guidance and permission to use the research facilities for the research work.

References

Abay, A. K. (2015). “Removal of Water Hardness Causing Constituents Using Alkali Modified Sugarcane Bagasse
and Coffee Husk”. International Journal of Environmental Monitoring and Analysis, vol. 3(1), pp. 7-16

AD, C., Benalia, M., Laidani, Y., Elmsellem, H., Ben Saffedine, F., Nouacer, I., Djedid, M., EI Mahi, B. and
Hammouti, B. (2015). “Adsorptive Removal of Cadimum from Aqueous Solution by Luffa cylindrica:
Equilibrium, Dynamic and Thermodynamic”. Journal for Medicinal Chemistry, Pharmaceutical
Chemistry, Pharmaceutical Sciences and Computational Chemistry, vol. 7(12), pp. 388-397

Adbel-Ghani, N.T., Hefny, M. and El-Chaghaby, G.A.F. (2007). “Removal of Lead from Aqueous Solution Using
Low Cost Abundantly Available Adsorbsents”. Inter. J. Envi. Sci. and Technol., vol. 4(1), pp. 67-73

Adie, D.B., Igboro, S.B., Daouda, N. and Eledere, E. (2013). “Determination of the Filter Potential of Luffa Sponge
(luffa aegyptiaca) in Water Quality Analysis”. American International Journal of Contemporary
Research, vol. 3(3), pp.1-4

AOAC. (2000). Official Method of Analysis. Washington DC: 17" Ed., Association of Analytical Chemists,
pp. 526-530

Cotruvo, J. and Bartram, J. (2009). Calcium and Magnesium in Drinking Water: Public Health Significance. Geneva,
WHO Press, pp. 1-36

Stephen, B. And Sulochana, N. (2004). “Carbonised Jackfruit Peel as an Adsorbent for the Removal of Cd (I1) from
Aqueous Solution”. Bioresource and Technology, vol. 94, pp. 49-52

Vogel, A.l. (1961). A Text Book Quantitative Inorganic Analysis. London: 3 Ed., Longmans, Green & Co. Ltd.,
pp. 415-444

Yu, L.J., Dorris, K.L. Shukl, A. and Margrave, J.L. (2003). “Adsorption of Chromium from Aqueous Solutions by
Maplet Dust”. J. Haz. Mater, vol.100, pp. 53-63



J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A

PREPARATION OF SOAP IN THE PRESENCE OF LOCALLY
AVAILABLE NATRON

Khin Moh Moh Hlaingt, Than Zaw?, Mya Hinn Aye Khaing®, Aung Kyaw Moe*,
Ni Ni Aung®, Swe Zin Tun®

Abstract

This research work concerns with the preparation of soap from palm oil with locally available natron
by hot process method. Locally available natron sample was collected from Aigther village,
Wundwin Township, Mandalay Division in winter season. The purified natron was characterized
by available modern techniques ED XRF and FT IR analyses. The physicochemical properties of
prepared soaps such as texture, color, foam stability (%), foam height (cm), pH, degree of absorption
activity (%) and antimicrobial activity etc. were determined. According to the physicochemical
properties, all of the prepared soaps were found in the pH range of (10.2-10.8). This pH range was
skin friendly pH and was accepted by National Agency for Food and Drug Administration and
Control (pH 8-11). Antimicrobial activity of prepared soaps was investigated by agar well diffusion
method at Meiktila University. The prepared soaps were found to be active against with Bacillus
subtilis, Staphylococcus aureus, Pseudomonas fluorescens, Bacillus pumilus, Candida albicans and
Escherichia coli (E.coli). From the preparation’s stand point, the prepared soaps were utilized not
only as laundry soap but also as medicated soap.

Keywords: natron, hot process method, antimicrobial, laundry soap, medicated soap

Introduction

As protection of the body from the outside, the skin has various problems such as dry skin,
premature aging, chronic diseases like cancer. This can be caused by air pollution resulting in many
free radicals, exposure ultraviolet, and also less care for cleanliness. The main treatment for
maintaining skin health is to use soap regularly. The use of chemical will side effect on sensitive
skin, while soaps with natural ingredient will provide the maximum nutrition on the skin (Putri and
Anindia, 2017).

For generations, hand washing with soap and water been considered a measure of personal
hygiene, bacteria are very diverse and present everywhere such as in soil, water, sewage, standing
water and even in human body. Bacteria’s that attacks on human body is of great importance with
reference to health. In 1961 the U.S. public Health Service recommendations directed that personal
wash their hands with soap and water for 1 to 2 minutes before and after client contact (Rama
etal., 2011).

Soap is sodium or potassium salt of fatty acid produced by saponification reaction using
sodium or potassium hydroxide. Based on its chemical properties as an anionic surface active agent
(surfactant), soap is used to clean and wash skin and clothing. The fatty acids, such as stearic,
palmitic, myristic, lauric and oleic acids, contribute to lathering and washing properties of the
soaps. The chemical characteristics of soap depend on several factors: the strength and purity of
alkali, the kind of oil used, completeness of saponification and age of the soap. Such chemical
characteristics include moisture content, total fatty acids (TFM), pH, free alkali, and percent
chloride (Mak-Mensah and Firempong, 2011).
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Natron, with its chemical composition of sodium carbonate 10-hydrate, had various
applications in ancient technologies, ranging from the mummification of bodies to soap production
and glassmaking (Jackson et al., 2018). This white powdery material is an evaporate deposit of
alkaline lakes and is found in nature as fragile, whitish stone chunks and it remains a crucial
industrial component of soap/detergent and glass industries today (Reade et al., 2005). In modern
mineralogy the term natron has come to mean only the sodium carbonate decahydrate (hydrated
soda ash) that makes up most of the historical salt. Historical natron was harvested directly as a
salt mixture from dry lake beds in ancient Egypt, and has been used for thousands of years as a
cleaning product for both the home and body. Blended with oil, it was an early form of soap. It
softens water while removing oil and grease. Undiluted, natron was a cleanser for the teeth and an
early mouthwash. The mineral was mixed into early antiseptics for wounds and minor cuts. Natron
can be used to dry and preserve fish and meat. It was also an ancient household insecticide, and
was used for making leather as well as a bleach for clothing. Today, natron is not used as readily
in modern-day society due to being replaced with commercial detergent items along with soda ash,
which made up for its use as a soap, glass-maker and household items (Noble, 1969).

Materials and Methods

Soap is common cleansing agent well known to everyone. Soaps are produced for varieties
of purpose ranging from washing, bathing, medication etc. The use of locally available raw
materials in soap production was carried out. The soap was prepared using palm oil, coconut oil
and natron by hot process method.

Sample Collection and Purification of Natron Sample

The natron (sample) were collected from Aigther village, Wundwin Township, Mandalay
Region in September, 2018. The sample collected area of natron was shown in Figure 1.

== By P o e i

Figuré 1 Sample collectedr area of natfon

The collected natron sample (300 g) was purified by dissolution with 5 L distilled water
and stand for three days. After standing for three days the solution was filtered to get the clear
filtrate. Then the filtrate was gently heated to use throughout the research.

(a) (b)
Figure 2 Natron (a) unpurified (b) purified


https://en.wikipedia.org/wiki/Mineralogy
https://en.wikipedia.org/wiki/Ancient_Egypt
https://en.wikipedia.org/wiki/Soap
https://en.wikipedia.org/wiki/Water_softening
https://en.wikipedia.org/wiki/Mouthwash
https://en.wikipedia.org/wiki/Antiseptics

J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A 131

Characterization of the Purified Natron Sample

The purified natron was characterized by using modern techniques such as EDXRF and FT
IR.

Preparation of Soap using Natron and Lye (Sodium hydroxide) and without Natron

About 5 g of sodium hydroxide was added to 20 mL distilled water in a beaker and stirred
to get sodium hydroxide solution. At the same time 20 mL of coconut oil was added to the beaker
containing 20 mL of ethyl alcohol and heated together a few minutes. After cooling the sodium
hydroxide solution, the two solutions were heated together and gently stirred to turn pasty. When
all the paste had formed, 5 g of natron was added and the beaker was cooled at room temperature.
Then 5 g of sodium chloride was added and filtered. Finally, the soap paste was washed with
distilled water and filtered using a linen cloth, and then a small amount of water was added to
soften it whist heating. The soap was placed in cast and allowed to dry. The same procedure was
carried out with palm oil. The prepared soap samples were denoted by SN.I for palm oil and SN.II
for coconut oil.

The same procedure was carried out by using 10 g of lye (sodium hydroxide) and without
addition of natron. The prepared soap samples were denoted by SL.I for palm oil and SL.1I for
coconut oil.

(a) SN.I (b) SN.II
Figure 3 (a) Prepared soap using natron and lye with palm oil
(b) Prepared soap using natron and lye with coconut oil
(c) Prepared soap using lye with palm oil
(d) Prepared soap using lye with coconut oil

(d) SL.II

Determination of Physicochemical Properties of the Prepared Soaps

All the prepared soaps (SN.I, SN.II, SL.I and SL.II) were determined by texture, color,
foam stability, foam height and pH. Then, the prepared soaps (SN.I and SN.II) and commercial
soaps (Shwe war) were determined water absorption activity and antimicrobial activity (Zauro
etal., 2016).

Results and Discussion
Characterization of the Purified Natron

The chemical composition of the purified natron was shown by EDXRF spectrum and
represented in Figure 4. From the EDXRF spectrum, the trace amount of elements such as P, Al,
K, Zn, Br, Fe and Cu were present. The spectrum indicated that S (89.07 %), Si (4.597 %) and
P (4.313 %) are the major constituents in the purified natron. It is a semi quantitative value
measured on a matrix basis.
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Figure 4 EDXRF spectrum of natron (purified)

The functional groups present in the purified natron were also studied by FT IR analysis.
The FT IR spectrum of purified natron is shown in Figure 5 and the spectral assignment of purified
natron was tabulated in Table 1. It can be observed that the frequency range was 4000-600 cm™.
The strong stretching band at 2200-2000 cm™ in spectrum is attributed to the aromatic thiocyanate.
The sharp peak at 876.66 cm™ in the spectrum are silica group in natron of Si-H stretching and

Si-O stretching respectively. The strong stretching band at 778.29 cm™ represent P-O-P and
aromatic alkene.

*
o WEST YANGON UNIVERSITY. N
@ Depiriment uf_Chemiatry T

f 1R-Tracer 100 Simaden, Jupan o1 - Or SAN AYE

5
.

Figure 5 FT IR spectrum of natron (purified)

Table 1 FTIR Spectral Assignment of Natron (purified)

Observed Wa_\l/e Literature Iirequency Possible Assignment
number (cm™) (cm™)
2111.13 2000-2200 C=C, SCN (aromatic) stretching,
876.66 800-950 Si-H stretching, Si-O stretching
778.29 700-800 P-O-P stretching, aromatic amine

Physicochemical Properties of the Prepared Soap
pH

pH values of the prepared soaps are presented in Table 2. pH is a chemical parameter for
knowing characteristic of the soap kind of alkaline or acidic. pH of the prepare soap was strongly
basic in nature. According to the literature, the pH values of all soaps were in the range of National
Agency for Food and Drug Administration and Control (pH value of 8-11).
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Foam Stability

The foam stability was determined by measuring the time it takes for the lather formed by
the soap with pure water to collapse. The foam height (6.7 cm) of soap prepared with palm oil
containing natron was higher than that of coconut oil (2.5 cm). Palm oil is very popular for its
ability to add hardness to soap and produce creamy leather (Azeman et al., 2015). A good foam
stability criterion is when subjected to a foam stability range of about 60-70 % in the first five
minutes (Wara et al., 2014). In each soap formula containing stearic acid so that the resulting foam
stability is good enough to be proved in the foam stability data within the first minutes.

Table 2 Physicochemical Properties of the Prepared Soaps Using Natron with Lye
and without Natron

Parameters SN.I SN.I11 SL.1 SL.1I
Texture soft hard soft hard
Colour white white white white
Foam stability (%) 89.55 20 89.71 17.77
Foam height (cm) 6.7 25 7 4.5
pH 10.4 10.3 10.2 10.5

According to the physicochemical properties, the prepared soaps (SN.I, SN.II, SL.I and
SL.I1) were nearly the same properties. Therefore, the amount of lye (sodium hydroxide) can be
reduced by using natron in the preparing of soap with suitable oils.

Water Absorption Activity of the Prepared Soap

The dissolution of soap in water is very important, if the soap is very soluble water it is not
suitable for commercially used and not effective for customers. The degree of absorption (%) of
prepared soap (SN.I and SN.II) and commercial soap sample (Shwe war) are shown in Figure 6 as
a function of absorption time in water. According to this result, the prepared soap SN.I and SN.II
showed the decreasing in absorption (%) than the commercial soap sample. In addition, the
prepared soap SN.I was the least absorption (%) than that of SN.II and commercial soap (Shwe
war). Therefore, it can be concluded that the prepared soap may be used in laundry soap.

35
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Figure 6 Degree of absorption (%) of the prepared soap with time

Degree of absorption (%)
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Antimicrobial Activity of the Prepared Soap

Antimicrobial activity of prepared soap SN.I, SN.II, purified natron and commercial soap
sample (Shwe war) were shown in Table 2. The tested organisms were Agrobacterium tumefaciens
(plant disease), Bacillus pumilus (fever), Bacillus subtilis (fever), Candida albicans (candidosis),
Escherichia coli (E.coil) (cholera, diarrhea and vomiting urinary tract infection), Pseudomonas
fluorescens (Plant disease) and Staphylococcus aureus (skin disease, food poison and wound
infection) species, as seen in Figure 7and Figure 8. The prepared soaps SN.I, SN.II, purified natron
and commercial soap sample (Shwe war) were used for the agar medium cultivation. It was evident
from the antimicrobial activity studies, the prepared soaps SN.I, SN.1I and purified natron showed
antimicrobial activity against all the given strains. This is due to the fact that the purified natron
contained sulphur, as a major constituent in this sample from EDXRF analysis. Moreover, from
FT IR analysis, it can be seen strong stretching band at 2200-2000 cm™ in spectrum is attributed
to the aromatic thiocyanate. Consequently, these results were agreed with EDXRF and FT IR
observations. From these studies, prepared soap SN.I, SN.1I and natron (purified) were better than
the commercial soap sample (Shwe War). Therefore, it can be concluded that according to the
antimicrobial activity, purified natron and prepared soap SN.I and SN.II may be commonly used
antimicrobial in medicated soap.

Table 4 Antimicrobial Activities of Prepared Soap (SN and SL), Natron (purified),
and Commercial Soap (Shwe war)

Sample B. S. P. B. C. E. A.
p subtilis aureus  fluorescens  pumilus albicans coli  tumefaci-ens
SN.I +++ +++ +++ ++ +++ -+ -+
SNLII ++ ++ +++ ++ ++ +++ +++
Commercial =, ++ ++ ++ - ++ ++
(Shwe war)
2330 2241 21.64 17.79 21.69 18.61
21.62 mm
Natron mm mm mm mm mm mm Sy
+++ +++ +H—+ ++ +HH+ ++
Control - - - - - - -
Auger Well -10mm B. subtilis
10mm-~14mm (+) low activity S. aureus
15mm~19mm (++) medium activity P. fluorescens
20mm-~above (+++) high activity B. Pumilus
C. albicans
E. coli

A. tumefaciens
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B. subtillis C. albicans

P. fluorescens S, aureus

Figure 7 Antimicrobial activity of SN.I and SN.II

A.tumefaciens B. pumalis B. subtilis C. albicans

E. coil P. fluorescens S. aureus

Figure 8 Antimicrobial activity of natron (purified), SN.I and commercial soap (Shwe war)

Conclusion

The preparation of soap from locally available natron with palm oils was successfully
achieved using a hot- process method. The purified natron was characterized by EDXRF and FT
IR analyses. The chemical composition of EDXRF spectrum showed sulphur (87.07 %) was the
major constituent in natron sample and the other elements (Si, P, Al) contained trace elements.
The pH of the prepared soaps from natron was in the range of 10.2-10.8 and it was strongly basic
in nature. The pH values of all soaps were in the range of National Agency for Food and Drug
Administration and Control (pH value of 8-11). Therefore, the amount of natron added was not
affected the pH of the soap. The prepared soap SN.I and SN.II showed the decreasing absorption
(%) than the commercial soap sample. Therefore, the prepared soaps are suitable for customers
commercially used. From the antimicrobial activity studies, the prepared soaps SN.I, SN.II and
purified natron showed antimicrobial activity against all the given strains. Especially, it was
suitable for production of toilet and bathing soap due to antimicrobial activity on Escherichia coli
(E.coli) and S. aureus. This fact was due to the presence of purified natron contained sulphur.
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According to the antimicrobial activity, prepared soaps from natron may be commonly used
antimicrobial medicated soap and laundry soap making. Therefore, it can be concluded that the
using of natron instead of lye will save the environment from the potential harmful effect on
pollution that commonly associate with these synthetic chemicals.
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COMPARATIVE EVALUATION OF THE PELLETIZED BIOMASS FUEL
FROM DIFFERENT SOLID WASTES

Thet Naing Soe!, Khin Chaw Win2, Phyu Phyu Myint3, Ni Ni Than*

Abstract

This research is aimed to convert the vegetable waste into valuable products as an alternative and
sustainable fuel source. This study investigated the potential use of fuel pellets that are produced
from the wastes such as radish leaf, rice husk and rice husk char. Some physicochemical properties
such as moisture content, ash content, bulk density, and chemical composition (N and S %) of
different solid waste samples were carried out using appropriate analytical methods. Furthermore,
pellets were produced from radish leaf, rice husk and rice husk char using cassava stem and local
algae (Spirogyra sp.) as a binder. The properties of fuel pellets (compact and relax densities, heating
value, energy densities, pellet moisture content) were determined as a function of types and sample
composition (60 to 80 % w/w) by applied pressure (1.7 MPa). Also comparative studies of the
different samples such as radish leaf (R) with rice husk (H) and rice husk char (C) and their toasted
samples (TR, TH and TC) were conducted. The results showed that energy densities ranged from
6.183 to 7.613 kJem3, 0.366 to 4.387 kJcm™ and 0.909 to 1.648 kcm for the samples R, H and C
whereas energy-densities ranged from 9.003 to 11.072 kdcm3, 0.369 to 4.760 kJcm™ and 1.116 to
1.876 kcm for the samples TR, TH and TC, respectively. The heating value was also found in the
range of 13.188 - 14.336 kJg*, 13.375 kJg™* and 2.425 - 5.214 kig* for samples R, H and C, and
13.737 - 14.010 kJg?, 12.656 - 13.333 kig™ and 2.891 - 5.567 kJg™ for samples TR, TH and TC,
respectively. From the findings, the radish leaf waste was found to have good pelletizing and
combustion characteristics under the conditions considered because of their high density, high
heating value and low pellet moisture content. Properties of the densified products (pellets) appeared
to be comparable to US PFI requirements.

Keywords: radish leaf, rice husk and rice husk char, physicochemical properties, densification,
fuel pellets

Introduction

Agricultural and forest-based industries in developing and emerging economies generate a
substantial amount of vegetable solid wastes residue and waste that could, in principle, be used for
energy production (Bauen, and Slade, 2013). Vegetable wastes resources are found almost
everywhere and can become a reliable and renewable local energy source. Energy produced from
vegetable wastes can reduce reliance on an overloaded electricity grid and can replace expensive
fuels used in local industries (Armesto et al., 2002). Among these vegetable wastes, radish
(Raphanus sativus) is one of the major vegetable crops grown throughout the country. It is widely
grown in different parts of the country mainly by small and marginal farmers.

Rice husk is a by-product of rice milling. The prevalence and year-round production of
rice crops on both an industrial and small scale means that rice husks are an attractive biomass fuel
because they are not only readily available in large quantities but are also easy to collect.
Furthermore, combusting the husk solves the problem of waste husk disposal. A large quantity of
rice husks is produced annually in some countries and these residues are left to rot away or they
are burned like other agricultural wastes. These residues could however be used to generate heat
energy for domestic and industrial cottage applications (Fapetu, 2000).

The conversion of biomass to energy can be achieved through various technologies such as
direct/stove, biomass briquette and boiler combustion; thermochemical conversion (which includes
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gasification, pyrolysis and liquefaction); and biochemical conversion (anaerobic fermentation
biogas, bioethanol and biodiesel) (Oladeji, 2011 and Qiao et al., 2011).

The major limitations of direct combustion are the low heating efficiency and difficulty in
handling, storage and transportation resulting from the low bulk density and high moisture content
of the biomass materials (Li et al., 2017 and Tumuluru et al., 2011). Srivastava et al., 2014
converted vegetable market waste to briquettes without pre-treatment and without using any
external binders. Therefore, relying on biomass for the production of pellets or briquettes is a
potential solution to solid waste problems in developing countries as well as the high dependence
on fuel wood.

The PFI is a North American trade association based in Arlington, Virginia, that represents
a range of contributors to the pellet industry, including companies that manufacture wood pellets
and pellet manufacturing equipment, or provide other products and services to the densified
biomass industry at large.

The aim of the present research work is to convert the vegetable waste into valuable
products as an alternative and sustainable fuel source. In this work, densification of radish leaf
waste was carried out using cassava stem and algae as binding agents and also comparative with
rice husk and rice husk char wastes. Effect on properties of the pellets (compact and relax densities,
heating value, energy densities, pellet moisture content) were evaluated as a function of types and
algae to leaf mixture ratio (60 to 80 % w/w).

Materials and Methods
Collection and Preparation of Solid Waste Samples

Radish leaf wastes were collected from Pyin Oo Lwin Township, Mandalay Region during
June and August, 2018. Also rice husk and rice husk char samples were collected from Hle-dan
Market, Kamayut Township, Yangon Region during May, 2019.

The radish leaf wastes were cleaned in water, dried naturally in sunlight for at least 5 days.
Clean and dried leaf waste were reduced in size using burner and sieved into 40 mesh size. Whereas
rice husk sample was naturally dried naturally in sunlight for 1 day, and pulverized with burner to
reduce in size. Also rice husk char was dried naturally in sunlight for 1 day, and pulverized with
burner to reduce in size and then sieved into 40 mesh sizes.

Moreover, cassava stem was collected from Lashio Township, Northern Shan state and
algae (Spirogyra sp.) were also collected from Thahton hostel, Yangon University campus.
Cassava stem and algae were also dried naturally under the sun by spreading on a steel plate for at
least 3 days. After which, they were sieved into 40 mesh size. In this preparation, densifications of
different solid wastes were carried out using cassava stem and algae as binding agents.

Determination of the Physicochemical Properties of Raw Materials

The different solid wastes were cleaned in water, dried naturally under sunlight for at least
5 days, and reduced in size. The moisture content (dry basis) of raw materials was determined
using the Infrared moisture analyzer method (FD 660). To determine the ash content, the samples
were placed in reweighed crucible and ignited in a muffle furnace at 600 °C for 2 h until the
substance turned into ash (LabTech). After ashing, the crucible was cooled in a desiccator and
weighed (AOAC, 2000). For bulk density determination, the graduated cylinder was filled with the
dry sample. The cylinder was placed in a tapping box and gently tapped until there was no more
reduction in volume and the bulk density was calculated (Tapping method). The sulphur contents
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of the samples were determined as barium sulphate by precipitation method (AOAC method). Total
nitrogen contents of the samples were measured by Dumas Nitrogen Analyzer (NDA 701).

Preparation of Raw Materials for the Fuel Pellets

Pelletizing at moderate conditions may be effective with inexpensive binding agents from
natural sources. Prior to densification, blending was performed by weight ratios into 100 % waste
samples. Using radish leaf raw materials, three composite samples: (i) 10 % algae, 10 % cassava
stem and 80 % radish leaf (R1), (ii) 10 % algae, 20 % cassava stem and 70 % radish leaf (R2),
(11i) 10 % algae, 30 % cassava stem and 60 % radish leaf (R3) were prepared. The same ratio as
the previous one but pre-toasted at 100 °C before combination were conducted for samples TR1,
TR2 and TR3. Also using rice husk sample, three composite samples: (i) 10 % algae, 10 % cassava
stem and 80 % rice husk (H1), (ii) 10 % algae, 20 % cassava stem and 70 % rice husk (H2),
(11i) 10 % algae, 30 % cassava stem and 60 % rice husk (H3) were prepared. The same ratio as the
previous one but pre-toasted at 100 °C before combination were conducted for samples TH1, TH2
and TH3. Also using rice husk char sample, three composite samples: (i) 10 % algae, 10 % cassava
stem and 80 % rice husk char (C1), (ii) 10 % algae, 20 % cassava stem and 70% rice husk char
(C2), (iii) 10 % algae, 30 % cassava stem and 60 % rice husk char (C3) were prepared. The same
ratio as the previous one but pre-toasted at 100 °C before combination were conducted for samples
TC1, TC2 and TC3.

Densification Procedure

Each pellet mass loading was approximately 17.0 to 20.0
+ 1.0 g. A compacting (densifying) apparatus used is shown in
Figure 1, comprising a piston, a closed-end cylinder and a base.
Internal diameter was 27 mm, indicating the resultant pellet size.
The compacting apparatus was mounted with 1.7 MPa to the _—
material. Eighteen composite samples with different weight ratios B T
were taken into 250 mL beaker. For each test condition, about 20
mL distilled water was added slowly with constant stirring. A
holding time of 1 h was used for each pellet.

*—— Waeh! block

Closed-end cylinder
e A base

Figure 1 Manual densification unit

Determination of the Physicochemical Properties of Fuel Pellet

The resultant pellets were subsequently evaluated for various physicochemical properties,
including compact and relax densities, energy density, heating value, pellet moisture content and
SEM. The pellet density was determined based on the pellet mass per volume. In this work, the
compact and relax densities were used and defined as that of the pellet determined immediately
after compaction and that determined after storage for one week, respectively. The energy density
(kJ cm?) used in this work was defined as the product between heating value (kJ g*) and relax
density (g cm™) of the pellet. The heating value of the pellet was determined using bomb
calorimeter (DRI). The pellet moisture content (dry basis) was determined using the infrared
moisture analyzer method (FD 660). A scanning electron microscope (SEM) was determined by
University Research Center (Jeol JXA- 840 A).
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Preparation of Fuel Pellet from Biomass

According to the physicochemical parameters of Lab-Scale Fuel !
Pellet, mixture ratio of R2 sample was chosen as the most potent sample
for further optimization process to fuel pellets production. So, radish leaf
(1284.62 g) and algae (153.85 g) were thoroughly mixed and mixed again
cassava stem (230. 77 g) with 1000 mL of distilled water. They were
thoroughly mixed and heated to obtain syrup, which were sundried for
1 to 2 days. The mixtures were loaded into the pellet mill (Figure 2) for
about 15 min. The resultant (densified) pellets were obtained

Figure 2 Pellet Mill

Results and Discussion

Biomass Characteristics

The different solid waste samples in urban areas are seasonally available biomass residues
that may potentially be utilized to produce biomass pellets. The biomass pellets comprised many
small pieces of leaf packed together and shaped into solid cylinder, holding together by manual
densification of solid bridges. Binding agents impart cohesive qualities to powdered material
during the production of pellet. In this research work, the different solid waste samples and binding
agents are shown in Table 1. Moisture contents, ash contents and bulk density based on the dry
solid samples (radish leaf, rice husk and rice husk char) were found 0.16 to 11.85 %, 18.22 to
91.00 % and 0.32 to 0.41 g mL* whereas sulphur and nitrogen contents were found 0.36 to
0.63 % and 0.42 to 4.64 %, respectively. For the binding agents (cassava stem and algae) the
moisture contents, ash contents and bulk density were found to be 0.11- 0.19 %, 18.00 - 76.00 %
and 0.10 - 0.39 g mL? whereas sulphur and nitrogen contents were 0.44 - 0.73 % and
7.46 - 10.63 %, respectively.

Table 1 Some Physicochemical Properties of Different Solid Samples

No. Sample Moisture Ash Bulk density Total S  Total N
' (%) (%) (gmL") (%) (%)
1 Radish leaf 11.85 18.22 0.37 0.36 3.03
2 Rice husk 0.31 21.00 0.41 0.46 4.64
3 Rice husk char 0.16 91.00 0.32 0.63 0.42
4  Cassava stem 0.09 18.00 0.10 0.44 7.46
5 Algae 0.11 76.00 0.39 0.73 10.63

Physical Appearance of the Fuel Pellets

Figure 3 shows pictorial views of the pellets after one week storage. It was evident that
radish leaf pellets (R2) processed at room temperature by applied pressure (1.7 MPa) could retain
the pellet form. They would need to be pelletized at higher pressures to form very tight pellets. For
processing at room temperature and pre-toasted at 100 °C, all cases were found to be successful in
forming pellets. But all cases could not retain the pellet form under low pressure even with binder.
From the pictures, the densification of different solid wastes was carried out using cassava stem
and local algae as a binder by various mixture ratios and conditions.
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Figure 3  Appearance of fuel pellets densified using different ratio and types of samples

Compact and Relax Densities of Fuel Pellets

Measurement of length and diameter of the pellets was under taken immediately and after
storage for one week. This was used to calculate their corresponding volume and density from a
fixed mass input. Compacted density was always higher than relaxed density because the
expansion of pellet dimension affected change in pellet volume. The results of the experiments
carried out on the properties of the radish leaf, rice husk and rice husk char pellets are presented
on Table 2. It was observed that change in density of the pellets after storage was rather small for
those compressed using radish leaf. Also change in density of the pellets after storage was rather
large for those compressed using rice husks and rice husk char. From the finding, it was clear that
the ratio of radish leaf had positive impact on the pellet density.

Table 2  Variation in Pellet Densities with Different Conditions

Pellet Compact densities  Relax densities

No. Raw materials 3 3
sample (gcm™) (gcm™)

1. Radish leaf R1 0.596 0.572
R2 0.547 0.531

R3 0.467 0.453

TR1 0.832 0.806

TR2 0.746 0.718

TR3 0.702 0.651

2. Rich Husk H1 0.772 0.366
H2 0.895 0.385

H3 0.800 0.328

TH1 0.737 0.369

TH2 0.721 0.351

TH3 0.789 0.357

3. Rich Husk Char C1 0.829 0.375
C2 0.920 0.348

C3 0.846 0.316

TC1 0.838 0.386

TC2 0.767 0.367

TC3 0.702 0.337

Heating Value, Energy Density and Pellet Moisture of Fuel Pellets

The heating value and energy density of fuel pellets results of this study are as shown in
Table 3. A little difference in the energy content of mixture ratios were observed on table 3 using
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radish leaf with different conditions but more difference in the energy content of mixture ratios
were observed using rice husk and rice husk char with different conditions. The energy density
(kd/cm®) used in this work was defined as the product between heating value (kJ/g) and relax
density (g cm) of the pellet.

Significant differences in heating values were found between pellet samples. The maximum
heating value 14.336 kJ/g of sample R2 and the maximum heating value 14.010 kJ/g of sample
TR2 are shown in Table 3. The minimum heating values of R1(13.188 kJ/g) and TR1 (13.737 kJ/g)
are shown in Table 3, and the maximum heating values of H3 (13.375 kJ/g) and TH3 (13.33 kJ/g)
are also shown in Table 3. The heating values of H1 and H2 and TH1 were not detected. The
maximum heating value (5.214 kJ/g) of the sample C3, ranged from 2.425 to 5.214 kJ/g, and that
of the sample TC3 (5.567 kJ/g), ranged from 2.891 to 5.567 kJ/g are also shown in Table 3. From
the finding, the pellet sample R2 possessed more heating value than other pellet samples that can
meet domestic needs such as cooking and water boiling (Tippayawong et al., 2018).

The results in Table 3 show that as the moisture content increases the heating value reduces.
The minimum moisture contents for pellet samples R2, H1 and TC2 were observed as 2.896 %,
0.510 % and 0.386 % respectively. Higher moisture content implies a lower heating value as each
unit mass of fuel contains less oven dry biomass - which is the part of the fuel that actually
undergoes combustion to release heat (Tokan et al., 2016).

Table 3 Variation in Heating Values, Energy Densities and Pellet Moisture with Different

Conditions
_ Pellet Heating Ene_rgy P(_allet
No. Raw materials sample values densities moisture
(kI gh) (kJ cm'®) (%)
1. Radish leaf R1 13.188 7.544 4.002
R2 14.336 7.613 2.896
R3 13.649 6.183 2.834
TR1 13.737 11.072 2.958
TR2 14.010 10.059 3.764
TR3 13.830 9.003 7.302
2. Rich Husk H1 ND 0.366 0.510
H2 ND 0.385 0.512
H3 13.375 4.387 0.574
TH1 ND 0.369 1.092
TH2 12.656 4,442 0.519
TH3 13.333 4.760 0.949
3.  Rich Husk Char C1 2.425 0.909 0.415
C2 4.040 1.406 0.861
C3 5.214 1.648 0.579
TC1 2.891 1.116 0.676
TC2 4.029 1.479 0.386
TC3 5.567 1.876 0.623

SEM Analysis

The appearance of fuel pellets by grinding mill using raw samples of (a) radish leaf
(b) rice husk and (c) rice husk char was indicated by SEM micrograph (Figures 4). In these SEM
micrograph, appearance of fuel pellets and rice husk char were observed as similar pattern of pores
and attributed on the surface of the all samples. Also rice husk can be seen that stick structure and
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attributed on the surface of the all samples. The more pronounced morphological character was
shown by appearance of fuel pellet samples.

Figure 4 Scanning electron micrographs of (a) Appearance of fuel pellets by grinding mill,
(b) Rice husk and (c) Rice husk char

Comparison of Fuel Pellets with an International Standard

Biomass pellets are currently graded by the US PFI. Pellet quality is a largely dependent
on type of feedstock and process parameters. In this work, comparison of our densified products
against the US PFI requirement was made for some indicators. Results were shown in Table 4 and
Table 5. It can be seen that Radish leaf pellets obtained from this work were in some compliance
with the US PFI and German standard requirements.

Table4 Comparison of Fuel Pellet Properties against PFI Fuel Grade Requirements

. Observed values PFI PFI PFI
No. Properties . -
R1toC3 TR1toTC3 premium utility standard
. 6.35 - 6.35 -
1. Diameter (mm) 27 27 705 6.35-7.25 795
2. Length(%>38mm) 12-15 12-16 <1.0 <1.0 <1.0
3 Energy density 0.366 - 0.369 - i i i
(kd/cm?®) 7.613 11.072
. 2.425 - 2.891 - *15.501
4 Heating value (kJ/g) 14336 14.010 - 19.501 - *>17.999
5 Moisture (%) 04401552' 0386-7302 <80 <100 <80

*Garcia-Maraer and Carpio (2015)

Fuel Pellets Prepared by Commercial Scale

Based on the compact and relax densities, heating value, energy density and pellet moisture
content, the densification of radish leaf wastes was chosen for further use as commercial fuel
pellets. So, the radish leaf waste, mixture ratio R2 could be suggested for the production of fuel
pellet between the different solid wastes (Figure 5). Also commercial pellets obtained from this
work were in approximately compliance with the US PFI and German standard requirements.

Figure 5 Appearance of fuel pellets densified by commercial scale
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Table5 Comparison of Commercial Pellet Properties against PFI Fuel Grade Requirements

N p i Observed PFI PEI utilit PFI
0 roperties values premium Ut standard
1  Energy density (k/cm?3) 14.329 - - -
. *15.501 -
2  Heating value (kJ/g) 14.803 19.501 - *>17.999
3 Moisture (%) 0.312 <8.0 <10.0 <8.0
* Garcia-Maraer and Carpio (2015)
Conclusion

The present work deals with conversion of the vegetable waste into valuable products as
an alternative and sustainable fuel source. In converting the radish leaf waste into pellets, the
physical and combustion characteristics of the pellets were investigated, and comparative study
were also conducted with rice husk and rice husk char pellets in order to establish suitability for
use as fuel. The work draws the following conclusion: high efficient and durable solid fuel for
domestic use was produced, from radish leaf, with heating value ranging from 12.482 - 14.336 kJ/g
on the sample R2 whereas heating value ranging from 12.807 - 14.010 kJ/g on the sample TR2.
Also use of radish leaf (60 - 80% w/w) offer any marked improvement of the physical
characteristics of the pellets. They were also compared to requirements for fuel pellets in the US
PFI in order to assess their potential for future use in pellet firing systems. From the findings
between different solid wastes, R2 sample could be suggested for the production of fuel pellet
because of their high density, heating value, low pellet moisture content.
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ASSESSING THE APPLICATION OF IRON OXIDE PARTICLES FOR
REMEDIATION OF INSECTICIDE CONTAMINATED SOIL

Swe Sint!, Phyu Phyu Myint?, Saw Hla Myint?

Abstract

In this study, iron oxide particles were synthesized and used to remediate insecticide contaminated
soil. The influence of experimental variables such as reaction time, and particle dosage of iron oxide
particles on the soil remediation were studied. The green synthesis of iron oxide particles was
prepared by reducing iron (111) chloride solution with tea leaves extract for remediation of the soil.
The optimized quantity of iron oxide particles was found to be 0.01 mL/kg of soil contaminated
with 0.002 pg g* of cypermethrin insecticide. The physicochemical properties of the soil sample
were determined. Iron oxide particles were prepared by green method and characterized by modern
techniques such as XRD, FT IR, TG-DTA and FESEM analyses. The degradation of insecticides
residue in contaminated soil was studied. The residual insecticide in soil samples extracted from the
experimental plot was examined by using UV-Vis spectrophotometer. Insecticide residue did not
increase but firstly increased than decreased. The soil urease activity in the treated and contaminated
soil was also determined. The stabilization of urease activity in the soils studied was due to iron
oxide particles and these had light influence on soil organic matter. These results suggest that only
proper amount of iron oxide particles plays a dominating role to control the urease activity of the
soils.

Keywords: cypermethrin, remediation, iron oxide particles, contaminated soil, urease activity

Introduction

In recent years, the phasing out of organophosphate products such as diazinon and
chlorpyrifos has prompted an increased use of pyrethroid insecticides for agricultural pest control
(Bootharaju et al., 2012). Because of this concerns regarding the fate, toxicity, diffusion, and
transformation of pyrethroids have significantly increased. Once the insecticide enters the soil it is
partitioned between soil particles and soil solution. In soil particles, cypermethrin particularly
binds with the soil organic matter. If organic matter is associated with soil particles, then it is
favourable for binding insecticide.

Cypermethrin is classed as a type 11 pyrethroid and is commonly found in rivers, sediments,
soils, and even foodstuffs (XIE et al., 2008). It possesses carcinogenic and cocarcinogenic potential
and can produce compounds with endocrine activities, such as 3-phenoxybenzoic acid (PBA).
Degradation of PBA is thus a vital step for remediation of cypermethrin pollution. One of the most
important processes influencing the environmental behavior of an insecticide is its degradation in
soil. Hydrolysis of the ester linkage producing PBA and cyclopropane carboxylic derivatives is the
main degradation pathway of cypermethrin in soil. However, PBA is more mobile and persistent
than cypermethrin in soils and it presents an environmental risk greater than its parent molecule.
Degradation of PBA is a vital step for remediation of cypermethrin pollution.

! Assistant Lecturer, Department of Chemistry, University of Yangon
2 Dr, Professor, Department of Chemistry, Loikaw University
3 Dr, Part-Time Professor, Department of Chemistry, University of Yangon
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Figure 1 Degradation pathway of cypermethrin in soil

Iron oxides form naturally through the weathering of Fe-containing rocks both on land and
in the oceans. They have attracted much attention due to their fine magnetic properties and
applications in modern science (Fernandez-Garcia et al., 2007). Moreover, urea added to soils as
fertilizer is rapidly hydrolyzed to ammonium carbonate in most soils through soil urease activity.
Urease is a nickel containing enzyme which catalyzes the hydrolysis of urea to ammonia and
carbon dioxide, it is produced by bacteria, algae, fungi and plants (Hameed et al., 2018). The main
role of urease is to allow the microorganisms to use urea as a source of nitrogen. Furthermore,
urease plays an important role in nitrogen cycle in plants, urease produced by bacteria, also, acts
as a virulence factor in many human infections. Ureases is the enzyme that degrades urea and is
widely considered to be a good proxy of nitrogen (N) mineralisation. The aim of the present
research work is to assess the application of iron oxide particles for remediation of insecticide
contaminated soil by using green synthesized iron oxide particles and to determine the activities
of urease enzyme of insecticide-contaminated soil.

Materials and Methods

Preparation of iron oxide particles

Iron oxide particles were synthesized by green method. Briefly, by adding 0.01 M
FeCl3.6H>O solution to the tea extract in a 1:1 volume ratio. Fe3O4 particles were immediately
obtained with the reduction process (Kanagasubbulahshmi et al, 2017). The mixture was stirred
for 60 min and then allowed to stand at room temperature for another 30 min to obtain colloidal
suspension. Mixture was centrifuged and washed several times with ethanol and then dried at
60 °C under vacuum. Finally, the black iron oxide particles were obtained. Tea leaves have the best
reduction capability against ferric chloride when compared to other parts of the plants that is
observed by the external color change (Bharadwaz et al., 2015).

Characterization of iron oxide particles

The prepared black iron oxide particles were characterized by XRD, FT IR and TG-DTA
techniques at the Universities Research Center, University of Yangon and by FESEM technique at
the Science and Industrial Research, Osaka University. The prepared iron oxide particles were
characterized by means of XRD method and estimated the crystallite size of these particles
according to Debye-Scherrer’s formula. The prepared iron oxide particles were characterized by
means of FT IR method and estimated the functional group of the iron oxide particles. The TG-
DTA was used to investigate the decomposition and phase formation that occurs during heat
treatment of the prepared iron oxide particles. The FESEM signals that derived from electron
sample interactions reveal information about the sample including external morphology (texture),
chemical composition, and crystalline structure and orientation of materials making up the sample.
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Soil Sample Collection

Soil samples was collected from the surface layer (0-20 cm depth) of an agricultural field
located in Phya Thee Village (at 21° 48" latitude north and 94° 57' longitude east), Myaing
Township, Pakokku District, Magway Region, cropped with a chilli and tomato rotation without
treatment of any pyrethroids for several years.

Figure 2 Sampling site of soil in Phya Thee village

Physicochemical Properties of Soil Sample

The moisture content of the soil samples was determined according to the reported method.
The pH content of the soil sample was determined according to the standard method by using pH
meter. Electrical conductivity of the soil sample was determined by using electrical conductivity
meter. Organic matter content of the soil sample was determined by using walkley and black
method based upon the oxidizable organic matter content. Total N content was determined by using
Kjeldahl’s method. Cation exchange capacity content of the soil samples were determined
according to the method of Kappen (Jaremko et al., 2014). Total P of the soil samples was
determined by using Olsen method for neutral and alkaline soil (measured by spectrophotometer).
Potassium content of the soil samples was determined by using ammonium acetate extraction
method (measured by Flame photometer).

Experimental Design for Determining Insecticide Degradation in Soil

Dried soil samples (10 g), H.O (ImL) and 0.0001% cypermethrin (ImL) were placed in
150 mL aliquots. FesO4 particles was dissolved in water at doses of 0 % Fe3O4 (P 0), 1% Fe304
(P 1), 2% Fe304 (P 2), 3% Fe304 (P 3), respectively. A control soil sample, without adding iron
oxide particles, was prepared in a similar manner. Each treatment in triplicate was amended with
cypermethrin dissolved in water to obtain insecticide concentration of 0.002 pg/g, which is the
common residual field concentration after application in contaminated soils. All the containers
were covered with perforated aluminum foil to ensure gas exchange and then incubated at 25 °C.
The samples were aged for several weeks. After 1, 2, 3, 4 and 5 weeks, soil samples were collected
to determine the amount of secondary metabolite of cypermethrin (3-phenoxy benzoic acid,
3- PBA) formed.

Extraction of 3-phenoxy benzoic acid in soil and characterization

Three samples from each treatment was used to determine the residue of PBA in the soil.
In brief, PBA was extracted from 10 g soil samples using methanol and dichloromethane (3:1, v/v)
and placed in shaker at 150 rpm for 30 min. The supernatant liquid was centrifuged at 5000 rpm
for 15 min in three times. The residual insecticide (as its metabolite 3-phenoxybenzoic acid,
3-PBA) in contaminated soil samples extracted from the experimental plot was examined by using
UV-Vis spectrophotometer.
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Determination of the urease enzyme activity in soil and characterization

The activity of the urease enzyme (mg NHs"-N g?soil h?) was measured by the
determination of ammonia released after soil sample incubation with a urea solution by using
colorimetric methods (Jingjing et al., 2015). A 10 g of fresh soil was placed in a 100 mL volumetric
flask and treated with 1 mL of toluene, 10 mL buffer (pH-7) and 5 mL of 10 % urea solution
(freshly prepared). After a throughout mixing the flask was incubated for 3 h at 37 °C in dark. After
incubation the volume of the flask was made to 100 mL distilled water and shaken thoroughly and
transferred the filtrate through Whatman No.5 filter paper. The ammonia released as a result of
urease activity was measured by indophenol blue method. 0.5 mL of the filtrate was taken into a
25 mL volumetric flask and 5 mL of distilled water was added. Then 2 mL of phenolate solution
(mixture of 20 mL of stock A (62.5 g phenol crystals dissolved in a minimum volume of methanol
and make up the volume up to 100 mL with ethyl alcohol after adding 18.5 mL acetone and 20 mL
of stock B (27 g NaOH dissolved in 100 mL distilled water and kept in freezer)) was added.
Therefore, 1.5 mL of sodium hypochlorite solution was added. The final volume of the flask was
increased up to 25 mL with distilled water and the blue colour was read out with the
spectrophotometer at 630 nm. Urease activity was determined by a calibration curve.

Results and Discussion
Characteristics of Prepared Iron Oxide Particles

The green synthesis of iron oxide particles using extract of green tea which is a cheap and
local resource. Synthesized iron oxide particles utilizing green tea (Camellia sinensis) extract
containing a range of polyphenols. Polyphenols in plants act as both a reducing agent and a capping
agent to provide a robust coating on metal particles in a single step and leads to colour change
yellowish brown to brownish black. This colour change gave the confirmation of the synthesis of
iron oxide particles. This denotes the tea leaves have premier competence to synthesize of iron
oxide particles than other parts of the plants such as seeds, fruit.

The XRD analysis results of iron oxide powders prepared at 60 °C are shown in Figure 3.
The results indicate that, at 200 °C or 1 h, no other obvious diffraction peaks are found, except the
peaks belonging to a-Fe2O3 phase. The XRD pattern points out that the product reduced at 300 °C
is a mixture of Fes04 and a-Fe>03 phases with Fe3O4 as the main phase. The crystalline natures of
the prepared iron oxides were identified by XRD analysis. Four miller indices [(111), (311), (422),
and (531)] of magnetite sample matched with the standard data. This revealed that the resultant
iron oxide are cubic structure. After that, the particle sizes of iron oxide samples was calculated by
using Debye-Scherrer’s equation and the particle size of iron oxide particles was found to be
33.518 nm.

The FT IR spectrum of iron oxide particles is shown in Figure 4 (Nakamoto, 1997). The
absorption peaks at 893.07, 792.77, 572.88, and 451.36 cm™ correspond to the vibration of Fe-O
group. FT IR analysis gave the stretching vibrations at 3448, 1622, 572 and 451 cm™ These peaks
represent the reducing agent role in the formation of FesO4 particles. The peak at 3448 cm™
corresponds to the —OH bond stretching denotes the aqueous phase as well as the reduction of
ferric chloride. Remaining unclear peaks represents small amount of organic acids which is
responsible for the low pH of the sample which helps to the synthesis of the FesO4 particles. The
peaks at 572 and 451 cm™* correspond to the inorganic stretching indicates the Fe3O4 particles.
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TG and DTA curve of iron oxide particles is shown in Figure 5. The temperature range is
40 °C to 600 °C. TG-DTA analysis, it was found that total weight loss is 2.881 %. One exothermic
peak and one endothermic peak were corresponding to phase transition and oxidation reaction takes
place in the sample. The endothermic peak was observed at about 332.06 'C due to the removal of
organic volatile materials and the exothermic peak was observed at about 265.04 'C. From DTA
data, above 200 °C, exothermic peak and endothermic peak were observed due to the phase
transformation. In this research, surface morphology of the prepared iron oxide samples were
studied by using FESEM as shown in Figure 6. From the FESEM result of iron oxide particles by
green method indicated that the particles are spherical in shape with a narrow size distribution and
it can be seen that the particles agglomeration, indicating a good connectively between the grains
together and the pore size of which is 0.7 cm. The FESEM micrographs indicated the porous nature
of the surface.

Physicochemical Properties of Soil Sample

The soil has the sandy loam texture. This research used a soil with low nitrogen, very low
organic carbon and electrical conductivity (EC), medium cation exchange capacity (CEC), high
K>0 and very high phosphorous (P) content in order to scientifically investigate on the degradation
of cypermethrin. The pH value of the contaminated soil was found to be 8.079. The electrical
conductivity value of the contaminated soil was found to be 0.09 uS/cm. The organic carbon
content of the contaminated soil was found to be 0.36 %. Humus content of the contaminated soil
was found to be 0.62 %. The nitrogen value of the contaminated soil was found to be the lowest
value 0.13 %. CEC is important for maintaining adequate quantities of plant available calcium Ca™
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(19.10) meq/100 g , Mg (0.68) meq/100 g, K* (0.43) meq/100 g, and Na" (0.85) meq/100 g,
respectively. The highest phosphorous content of the contaminated soil was found to be 45.03 ppm.

Table 1 Characteristics of the Soil Sample

Test Parameter Content
Texture Sandy loam
Sand (%) 67.56
Silt (%) 15.00
Clay (%) 17.44
Organic carbon (%) 0.36
Humus (%) 0.62
Total Nitrogen (%) 0.13
CEC (meq/100 g) 21.06
Phosphorus (ppm) 45.03
K>0 (mg/100 g) 20.27
Exchangeable Ca ** (meq/100 g) 19.10
Exchangeable Mg ™ (meg/100 g) 0.68
Exchangeable K " (meq/100 g) 0.43
Exchangeable Na“(meq/100 g) 0.85

The iron oxide particles efficiency on soil remediation

After 4 weeks’ incubation, the amounts of PBA degradation were found to be slightly
higher in the 2" week in all treatments with respect to Control (P0). These findings indicated that
adequate addition of iron oxide particles could increase the degradation of cypermethrin. However,
the degradation levels were similar after a long enough incubation period. Apparently, there is no
movement of cypermethrin from soil to air and its degradation in soil is mostly attributed to
microorganisms.
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Figure 7 Insecticide residue in soil by different dosage of iron oxide particles treatments

Enhancement of Urease Enzyme Activity

The effect of iron oxide particles on urease activity was found to be increased during the
incubation periods. The results of determination of urease enzyme activity in contaminated in soil
are shown in Figure 8.
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Figure 8 Urease Enzyme Activity of insecticide contaminated soil

The change of urease activity depended on iron oxide particles dosage. In blank stage,
urease activity had a slight increase. under the addition of different iron oxide particles, all
treatments showed a little positive impact on urease activity. The present study showed that urease
enzyme quality was improved by addition of proper iron oxide particles. In 1 week, urease activity
content of five treatments had little difference. But in the 3" week period, it had the highest value
of urease activity due to the high 1 % iron oxide particles. At the 4 weeks, urease activity in soil
was found to decrease. Moreover, the first two had very little change in all treatments, this means
that proper dose of iron oxide particle is conducive to the preservation of urease activity. However,
urease activity picked up quickly in jointing stage and reached the top of growth. These results
clearly indicate that urease activity in iron oxide particles treatment increased compared to dose
and time. P1 treatment of urease activity was higher than other treatments, moreover, 3 week in
four stages had the highest urease activity. Thus, the different dose of iron oxide particles and soil
urease activity related to the time.

Conclusion

In this research, synthesis of iron oxide particles by green method were carried out. The
results of this study suggest that addition of iron oxide particles could enhance degradation of
cypermethrin and its most persistent metabolite, PBA. Thus, in agricultural practice, adequate
application of iron oxide particles was an efficient method to reduce the accumulation of
cypermethrin and PBA in soil and significantly decreased environmental risks. The present study
showed that high soil urease activity due to iron oxide particles. The variance analysis results
indicated iron oxide particles can influence the soil urease activity. It is concluded that proper iron
oxide particles is important for the beneficial to the remediation of insecticide contaminated soil.
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EFFECTIVENESS OF SAPONIN ON PHYTOREMEDIATION OF
PETROLEUM-CONTAMINATED SOIL

Myat Hnin Eil, Phyu Phyu Myint?, Ni Ni Than®

Abstract

This study aims to evaluate efficiency of saponin, a natural surfactant, in remediation the soils which
are smeared by crude oil and it was conducted based on the soil properties of oil ring no. (52),
Nyaungdon Twonship, Ayeyarwaddy Region in 2019. For this purpose, soil properties were initially
studied in this zone including soil texture, pH, moisture, nitrogen content, phosphorus content and
potassium content. Crude saponin was extracted from the vegetable waste materials such as Onion
(Allium cepa L.) skin, Ka Nyut (Asparagus officinalis L.) hard stem and Hin Nu Nwe (Amaranthus
paniculatus L.) hard stem by the yield percent of 14.55 %, 2.53 % and 2.12 %, respectively. The
studied phases included variables of saponin concentration within ranges of 250, 500 and 1000 ppm,
contact time (10 week) and concentration of oil within ranges of 0.1-10 % in soil. The findings
from assessment showed that the conditions under concentration of saponin (1000 ppm) on 0.1 %
oil contaminated soil. The removal efficiency percentage of crude oil on 10 weeks contact time was
observed 24.89 %. A laboratory study was extended to assess the potentials of local grass (Bermuda
grass) under normal environmental conditions with or without surfactants in remediating soil
contaminated with crude oil. The results of the phytoremediation of contaminated soil showed that
significant reduction 76.3 % of crude oil was observed by natural saponin. It was also observed that
the crude oil in the polluted soil was reduced by 72.4 % as a result of plant only, similar to
commercial surfactant (SLES) treatment 72.1 %. This research indicates the soil remediation by
Onion skin saponin, making better use of Bermuda grass and contributing to environmental
protection.

Keywords: vegetable waste, saponin, Onion skin, petroleum contaminated soil, oil extraction,

phytoremediation, Bermuda Grass

Introduction

As raw material for production of petroleum and other chemicals, crude oil has become one
of the most important energy sources in the world. However, the soil, water and air has
contaminated by crude oil as a result of exploration, production, maintenance, transportation,
storage and accidental release, add hazardous chemicals to the ecosystem. So, pollution has become
a major global problem. Management of pollution is still a challenge to the humans. Among them,
soil can be contaminated by many different human activities. Soil can be subjected to remediation
techniques for the purposes of site decontamination.

Fortunately, surfactants can promote the removal of organic compounds and heavy metals
from contaminated soils. Saponins are steroid or triterpene glycoside compounds found in variety
of plants and derive their name from the soapwort plant. Saponins are traditionally used as natural
detergents. Saponins show the unique properties of foaming and emulsifying agents (Bajad and
Pardeshi, 2015). It is also called natural surfactant.

Surfactants are substances whose molecules consist of a water soluble (hydrophilic) and an
oil soluble (hydrophobic) part. They have the tendency of accumulating at oil-soil and oil-water
interfaces. The addition of surfactant to the washing solution (crude oil contaminated soil) to
reduce the surface and interfacial tension at the air-water and oil-water interface, thereby reducing
the capillary force that holds the oil and soil, which may lead to the mobilizing and (or) the
solubility of the oil. The mechanisms behind surfactant removal of petroleum oil from soil studied
(Deshpande et al., 1999).
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Currently, chemical surfactants have been used in enhanced solubilization for organic
compounds and removal of heavy metals, usually synthesized by chemical materials (Wei
et al., 2015). Compared with chemical surfactants, biosurfactants were isolated from plants
produced by microorganisms. It shows the excellent performance for remediation process owing
to their lower toxicity, better surface activity, readily biodegradable and huge environmental
compatibility (Mnif et al., 2015).

Bioremediation is the use of biological processes to degrade, transform, or essentially
remove contaminants from soil. This process relies on microorganisms (bacteria and/or fungi) and
plants. For this reason, bioremediation is widely used to remediate organic contaminants and can
be an effective means of mitigating.

Phytoremediation is applied to provide long-term rehabilitation of the residual oil-
contamination. Phytoremediation is a bioremediation process that uses various types of plants to
remove, transfer, stabilize, and (or) destroy contaminants in soil. Use of green plants and their
microorganisms to reduce environmental problems without the need to excavate the contaminant
material and dispose of it elsewhere.

Bermuda grass was selected for phytoremediation. Myanmar name is Myin-sa-myet, Mye-
sa-myet. It was distributed in Myanmar, India, Philippines and South Africa. The stem of Bermuda
grass has 12-24 cm high, slender, round, shoots and roots arise from nodes, most of the stems and
growing points are covered with leaf sheath. The leaf of Bermuda grass has linear, 2-3 mm wide,
blue green. Bermuda grass has a deep root system; in drought situations with penetrable soil, the
root system can grow to over 2 m deep. Bermuda grass has been used as a phytoextraction
(Adomako et al. 2010). It has also been used for arsenic and mercury (Weaver et al., 1984). Certain
mechanisms such as phytoextraction, phytostabilisation, phytodegradation, rhizoremediation and
rhizofilteration occur, allowing plants to remediate both organic and inorganic substances (Zoller
and Reznik, 2009).

The aim of the present research work is to study the phytoremediation of petroleum
contaminated soil by using natural surfactant (saponin) from vegetable wastes on soil washing
process and by using the Bermuda grasses.

Materials and Methods
Collection and Preparation of Vegetable Waste Samples

Vegetable waste samples were collected in June, 2018 from Kamayut Township, Yangon
Region of Myanmar. They were identified by the Department of Botany, University of Yangon.

The two collected vegetable waste samples, Hin Nu Nwe and Ka Nyut were washed with
tap water and dried for a while to remove water. These two fresh samples were sliced very small.
The dried sample of Onion skin was also sliced very small. All samples are used directly without
further modification (Laufenberg et al., 2003).

Extraction and purification of saponin

The selected waste samples (5 g) were placed in beakers 250 mL, extracted with 100 mL
of aqueous ethanol in a water bath for 2 h with continuous stirring until discolored. The mixture
was filtered and combined this solution and was concentrated to about 40mL. The residue was
transferred to separation funnel, and defatted with petroleum ether. The aqueous layer was
recovered while the petroleum ether layer was discarded. The purification process was repeated.
60 mL of n-butanol was added. The n-butanol extracts were washed with 10 mL of 50 % aqueous
sodium chloride. The remaining solution was heated in a water bath. After evaporation, the samples



J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A 155

were dried in the oven to constant weight and the saponins content was calculated (De Geyter et
al., 2007).

Identification of saponin

Saponin was identified by spectroscopy method and chemical method. Firstly, the crude
saponin was identified by FT IR. And then. the crude saponin was determined by foaming test and
emulsifying test.

In foaming test, the selected waste samples were extracted with water, and filtered, the
filtrate in test tubes with various volume ratios. Then, the permanent foaming was observed and
measured the foaming height. In emulsifying test, the selected waste samples were extracted with
water, and filtered, the filtrate in test tubes, and it was warmed in water bath, the stable persistent
froth, was mixed with liquid paraffin and shaken vigorously, then observed for the formation of
emulsion, indicate the presence of saponins. Emulsifying capacity was measured at some important
variables such as contact time and saponin concentration were selected in 1:1 volume ratio of
saponin to paraffin. The operation variables used were saponin concentration (25-200 pug/mL) and
contact time (15-60 min).

Collection of Soil Sample

The soil sample was collected from the upper layer (0-20 cm) of oil ring no. (52),
Nyaungdon Township, Ayeyarwaddy Region. The soil was air-dried, crushed and passed 40mm
sieve to remove the larger clods and trash.

Characterization of Soil Sample

Soil texture and pH were characterized by pipetting method based upon the Strobe’s law and
standard method by using pH meter. The moisture content in the soil was determined by oven dry
method (Schneekloth er al., 2002). The organic matter was investigated by Walkley and black
method based upon the oxidizable organic matter content. And then, total nitrogen and
phosphorous content in the soil were determined by Kjeldahl’s method, Olsen method for neutral
and alkaline soil (measured by spectrophotometer). Finally, the total potassium and humus content
were characterized by Ammonium Acetate extraction method (measured by Flame photometer)
and ignition method.

Preparation of contaminated soil sample

The collected soil sample was dried at room temperature. The dried sample was sieved
(40 mm) mesh. The soil was spread on plastic tray and air dried. A 40 mm mesh screen separated
the larger clods and trash. The soil was mixed by hand with lubricant oil in various concentrations
(0.1, 1, and 10 %).

Bench Study

The collected soil sample was treated with lubricant (0.1 %, 1 % and 10 %) and three
different concentrations of saponin. This mixture was added n-hexane and acetone (5:1) ratio,
shaken 10 min at the shaker, filtered and centrifuged this mixture. It was evaporated and calculated
the constant weight of dried extract.

Phytoremediation

Phytoremediation is a bioremediation process that uses various types of plants to remove,
transfer, stabilize, and (or) destroy contaminants in soil. Use of green plants and their
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microorganisms to reduce environmental problems without the need to excavate the contaminant
material and dispose of it elsewhere.

The tropical grass sample (Bermuda grass) was used for this phytoremediation process. The
collected petroleum contaminated soil sample was treated with 1% lubricant oil and saponin
concentration (250 ppm). The composite soil mixture was filled into plastic pots (1kg soil per pot)
and treated with four different designs (plant only, plants with natural surfactant, plants with
commercial surfactant (SLES) and without plant).

The oil remaining in soil was determined by using (5:1) ratio of n-hexane and acetone.
Twenty millilitres of this solvent mixture was added to the soil, shaken for 10 min and filtered.
And then, the liquid decanted was added in the centrifuge tube and was centrifuged at 2500 rpm
for 15 min. Weekly, crude oil residue was extracted from spiked soil samples from each vessel
and studied on removal efficiency according to this procedure (Phyu Phyu Myint et al., 2013).

Results and Discussion
Extraction and Identification of Saponin

Crude saponin was extracted from the selected vegetable waste samples by lead-acetate
method. The yield percent of crude saponin were calculated. The yield % of saponin were found
14.55 % in Onion skin, 2.53 % in Ka Nyut hard stem, and 2.12 % in Hin Nu Nwe hard stem. Onion
skin has the highest saponin content. The results obtained are present in Table 1.

Table 1 Yield % of Saponin Content in Collected Samples

Sample Yield
No. Sample Name Condition (saponin content)
1 Onion skin dried 14.55
(A.cepa)
2  Ka Nyut hard stem fresh 2.53
(A.officinalis)
3 Hin Nu Nwe hard stem fresh 2.12

(A. paniculatus)

According to FT IR spectral data, saturated and unsaturated H/C group and cyclic alcohol
group were observed in the extracted crude saponin. FT IR was identified by PerkinElmer
Spectrum Two at University of Yangon. This spectral data is present in Figure 1.

FT IR analysis of the vegetable waste samples has absorption bands and wave numbers
(cm) of the prominent peaks obtained are described in Table 2. The peaks of frequency of above
3000 cm?, 1500 cm™, 1300 cm?, 1000 cm™ and 700 cm® were strong while the others vary from
medium to weak. The peak at 3500-3200 cm™ was assigned to the OH stretching. The peak
intensity at nearly 1600 cm™ was assigned to C=C skeletal stretching of alkene. The absorption
band at 1390-1380 cm™ was assigned to CH bending. The peak at 700 + 20 cm™*, CH bending will
present and at 1390-1310 cm™ was assigned to the OH bending.
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Figure 1 FT IR spectra of saponin from the selected samples

Table 2 FT IR Spectral Data of Saponin from the Selected Samples

Wave number (cm™) Band Assignment
Onion skin Ka Nyut Hnin Nu Nwe
hard stem hard stem

3242.51 3271.37 3326.32 Vo Of hydroxyl group
1571.62 1541.27 1571.10 Ve of alkene
1370.76 1380.36 1376.06 0.y of gem dimethyl group
1045.35 1043.20 1007.00 Venon I cyclic alcohol
771.80 773.53 772.55 0. out of plane wagging

Characterization of Saponin

Permanent foaming capacity of crude saponin extract was determined by Froth test using
various volume ratio. By Froth test, higher concentration of saponin increases the permanent
foaming high as shown in Figure 2. These results obtained are present in Table 3. The foam value
was calculated by using the method developed by taking the foam height after 2 min dissipation
and subtracting the foam interface (Dini et al., 2009).

Changes of emulsifying capacity as a function of saponin concentration

Although three samples showed higher forming capacity of their saponin extracts, Onion skin
was chosen for further studies since it possesses the highest amount of saponin in compare with other
two samples. Thus, emulsifying capacity of Onion skin saponin was determined by the variation of
time and saponin concentration. According to these data, emulsifying capacity changes with contact
time and saponin concentration (100 pg/mL) indicated the highest emulsifying capacity. Emulsifying
capacity was changed with saponin concentration are present in Figure 3 (a) and varied with contact
time are shown in Figure 3 (b).
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Table 3 Permanent Foaming Capacity of Saponin Extracted from Different Vegetable

Wastes
Saponin extract Permanent foaming capacity (%)
(WVV%inH:0) " Onionskin _ KaNyuthardstem  Hnin Nu Nwe hard stem

100 40 40 40

80 25 25 333

60 14.28 23.08 25

40 7.69 14.29 3.32

20 4 7.69 3.32

(a) (b) ©
Figure2  Foaming capacity of saponin extracted from (a) Onion Skin
(b) Ka Nyut hard stem and (c) Hnin Nu Nwe hard stem
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Figure 3 Changes of emulsifying capacity as a function of (a) saponin concentration and
(b) contact time

Physicochemical Properties of Soil Sample

The physicochemical properties including soil texture, pH, moisture, nitrogen content,
phosphorus content and potassium content of soil sample were characterized and the result
obtained were present in Table 4. The soil texture was determined by laboratory analysis. The soil
samples were averagely sandy loam and (33.12 % sand, 52.00 % silt and 14.88 % clay) with very
low contents of nitrogen, phosphorous and potassium (<1 %) were shown in  Table 4. Oceanic
waters contain only about 0.04 percent of potassium in contrast with about 2.45 percent in the
earth’s crust. A soil with 0.29 % of total potassium would be rated very low in this element.
Potassium as nitrogen and phosphorous must be in an available form, or in other words soluble in
the soil moisture, before plants can utilize it. Without sufficient available of potassium in the soil
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crop plants suffer in reduced vigor, greater susceptibility to disease, impairment of growth process.
Potassium might be considered to stand between nitrogen and phosphorous in its effects on plant
growth. A lack of available potassium in the soil is very likely to result in poor quality of the crop
(Zhang and Kang, 2013).

Table 4 Characteristics and Physico-chemical Properties of Crude Oil Contaminated Soil

Test Parameter Result
Texture Sandy loam
Sand (%) 33.12
Silt (%) 52.00
Clay(%) 14.88
pH 9.16
Moisture content (%) 0.13
Humus 1.20
Organic matter content (%) 1.27
Total Nitrogen content (%) 0.11
Total Phosphorus content (ppm) 1.00
Potassium content (mg/100 g) 0.29

Efficiency of Saponin on Remediation of Petroleum Contaminated Soil (Bench Study)

A laboratory bench study was conducted to assess the removal efficiency of saponin on
1 % crude oil contaminated soil. Various concentration (250, 500 and 1000 ppm) of saponin
treatments along with control (no saponin) were applied. All treatments showed the results of
residual crude 0il 96.97 %, 90.99 %, 75.11 % in soil treatment by 250, 500 and 1000 mg saponin/kg
of soil whereas 95.94 % residue was found in control soil. The results were shown in Table 5.
According to these data, the concentration of saponin (1000 ppm) decreases the highest residual
percent of crude oil in soil during 10 weeks treatment.

Efficiency of Saponin on Remediation of Petroleum Contaminated Soil
(Phytoremediation)

A laboratory study was extended to assess the potentials of local grass (Bermuda grass)
under normal environmental conditions with or without surfactants in remediating soil
contaminated with crude oil. Each 1 kg of the contaminated soil sample (1% oil in soil) was
distributed into nine plastic pots. The Bermuda grasses were transplanted into six pots for two
treatments (three pots for plant with commercial surfactant (sodium lauryl ether sulfate-SLES) and
three pots for plants with natural surfactant). The other three pots served as Control with plant only.
The results of the phytoremediation of contaminated soil showed that significant reduction
(76.3 %) of crude oil was observed by natural saponin. It was also observed that the crude oil in
the polluted soil were reduced by 72.4 % as a result of plant only, similar to surfactant (SLES)
treatment (72.1 %). These data were present in Table 8. According to phytoremediation data, the
contaminated soil with plant decreases the residual percent of crude oil in soil.
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Table 5 Changes of Residual Percent of Crude Oil in Soil during 10 Weeks Treatment

Residual crude oil (%) in treated soil by

Time (week) Saponin Saponin Saponin Saponin
(0 ppm) (250 ppm) (300 ppm) (1000 ppm)
0 100.00 100.00 100.00 100.00
2 104.80 103.95 102.21 91.27
4 97.42 97.69 96.98 89.01
6 96.48 97.66 96.40 85.63
8 97.77 98.45 92.32 79.40
10 95.84 96.97 90.99 75.11

Table 6 Residual Percent of Crude Oil in Saponin Enhanced Phytoremediation

Residual crude oil (%) in treated soil by

Time

. . Soil+Oil+ Soil + Oil+
(week) Soil+Oil+Plant Plant+Saponin Plant+SLES
0 100.0 100.0 100.0
4 23.7 27.0 27.3
6 24.3 25.8 27.3
8 26.0 24.7 27.2
10 27.6 23.7 27.9
SLES = Sodium Lauryl Ether Sulfate
Conclusion

The yield % of saponin was found to be highest of 14.55 % in Onion skin, in compare with
that of Ka Nyut hard stem (2.53 %) and Hin Nu Nwe hard stem (2.12 %). By Froth test, higher
concentration of saponin increases with the permanent foaming high. According to FT IR spectral
data, saturated and unsaturated H/C group and cyclic alcohol group were observed in the extracted
crude saponin. Emulsifying capacity of Onion skin saponin was changed with saponin
concentrations and then saponin (100 pg/mL) possesses the highest emulsifying capacity.
Emulsifying capacity was also changed with contact time between saponin solution and paraffin.
Crude saponin extracted from Onion skin is potentially applied on the petroleum biodegradation
in soil sample. A laboratory study was conducted to assess the potentials of natural saponin and
local grasses under normal environmental conditions in remediating soil contaminated with engine
oil. Results obtained showed a considerable reduction in the crude oil level of the soil samples
compared to the unplanted control soil samples, moreover, the grasses and the saponin showed
great promising potential as phytoremediating agents in order to clean-up of crude oil contaminated
soil.
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PREPARATION AND CHARACTERIZATION OF CHICKEN FEET
COLLAGEN FOR BIOMEDICAL APPLICATION

Lae Lae Mon Win!, Thinzar Nu?, Cho Cho®

Abstract

In this study, collagen was extracted from chicken feet and its biomedical application was
investigated. The chicken feet were collected from poultry Myanmar market. The collagen was
extracted from chicken feet by using acid solubilized method. The yield percent of crude was found
to be 10.08 %. And then the crude collagen was purified by dialysis method, purified collagen was
found to be 8.32 %. Both crude and purified collagens were characterized by using SEM, UV-visible
and FT IR analysis. The SEM images of collagen to be regular and uniform with networking of
porous on the surface. The absorption bands of crude and purified collagen were found to be near
230 nmin UV spectra. In the FT IR spectra, absorption bands of collagen sample indicated the
presence of N-H, O-H, C=0, -CH,, -CHjs groups in the sample. The antimicrobial activity of both
collagen samples were determined by agar well diffusion method. In this experiment, both samples
were found to be high activities against six microorganisms such as Bacillus subtilis, Staphylococcus
aureus, Pseudomonas aeruginosa, Bacillus pumilus, Candida albicans and Escherichia coli, which
showed that collagen possessed the high antimicrobial activity against all tested microorganisms.
The wound healing effect of both collagens was investigated. It was found that the purified collagen
was well-developed in healing of burn wound with well-developed sebaceous glands, sweat glands
and hair follicles in epidermis layer of skin. This research therefore contributes to academics as well
as biomedical application.

Keyword: Chicken feet, collagen, acid-solubilized method, antimicrobial activity, biomedical

Introduction

Collagen was first found and defined as gelatin by extractive cooking of bones at the
beginning of 1800’s. This family of proteins was studied by scientists in different areas. Collagens
are the most abundant high molecular weight proteins in both invertebrate and vertebrate
organisms, including mammals and possess mainly a structural role, exciting different types
according with their specific organization in distinct tissues (Almeida and Lannes, 2013). It is
mainly presented in all connective tissues, including animal skins, bones, cartilages, tendon and
blood vessels. It is involved in the formation of fibrillar and microfibrillar networks of the
extracellular matrix and basement membranes. Collagen is the major components of the
extracellular matrix nearly 28 types of collagen have been identified. All of them have triple helix
characteristic but the length of the helix, the size and nature of non - helical portion various from
one to another type (Kirti and Khora, 2015). The collagen types were classified by their size,
function and distribution which differ considerably in their amino acid composition. Among all
the current variants of collagens, type I, I1, I1l and V are the most prevalent and they are all fibrillar-
forming collagens. Every collagen type has its special amino acid composition, and each performs
a distinctive role in the tissue (Hashim, 2015).

The collagen family consists of 28 different proteins, which account for 25% -35% of the
total protein mass in mammals and play a pivotal role in the structure of several tissues, such as
skin and bones, providing rigidity and integrity (Silvipriya, et al. 2015). The stability of collagen
helix is closely correlated with the total amino acid content in a collagen molecule. Collagen
contains rather larger amount of polar amino acid residues (arginine, lysine, aspartate, and
glutamate) besides high contents of glycine and amino acids (Kiew and Don, 2013). The chemical
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cross — linkers used may be either relatively small bifunctional molecules or polyfunctional
macromolecules. Poultry feet are abundant in collagen and also have been extracted as medical
material such as collagen film, and collagen powder for wound exudate control (Lee and Singla,
2001).

Recently, consumers had rejected some foods and cosmetics that were prepared from beef
collagen due to the fear of bovine spongiform encephalopathy. Thus, it is desirable to seek an
alternative source of collagen from the other animal species rather than from cattle. Chicken feet
may be a good collagen source and could be used to replace beef collagen. Collagen was extracted
from different raw materials has been used for clarifying beverages, in cosmetics, in casings for
meat products and in a host of biomedical application. Medical applications of collagen include
use in drug delivery systems, sponges for burns and wounds and in tissue engineering (Liu, 2001).

Materials and Methods

The chicken feet sample was collected from Hledan Market, Kamayut Township, Yangon.
The chicken feet were cut proper size and washed with water to removed impurities. The collagen
was extracted according to the method of Liu, 2001 and Lin, 2013 with slight modification.
Repeated defatting processes were performed to extract lipids and triglycerides by stirring the
chicken feet in 1:8 (w/v) of 90 % ethanol for 48 h at 4 °C. The residues were soaked with 0.05 M
disodium salt of EDTA with a solid/ solvent ratio of 1:8 (w/v). The mixture was stirred for 24 h
and then the solution was decanted and the residue was washed with distilled water, until the water
was clear. The liquid suspension was decanted and the residues were subsequently soaked into
0.1 M NaOH at a sample / alkali solution ratio of 1: 8 (w/v) and stirred for 72 h at 4 °C then the
liquid suspension was decanted and the residue was washed with distilled water, until the water
was clear. Inorganic compounds were removed by soaking the defatted sample in 0.1 M HCI
solution with solid/ solvent ratio of 1:8 (w/v). The mixture was stirred for 24 h. Then the solution
was decanted and the residues were washed with distilled water until the neutral pH. After being
wash with water, the residues were soaked in 0.5 M acetic acid with a sample per solvent ratio of
1:10 (w/v) at 4 °C for 5 days with a stirring. The chicken feet suspended solution was filtered by
using cheese cloth to remove the residues. Then the solution was centrifuged at 15000 rpm for
30 min at 4 °C, the crude collagen solution was obtained. Crude collagen purification was achieved
by convenient salting out process performed at 4 °C for 24 h with gentle agitation: NaCl was
carefully added to the supernatants until a final concentration of 0.9 M was achieved. The collagen
solutions were dialyzed against 0.1 M acetic acid and distilled water at 4 °C for 4 days and then
dried at 30 °C for 3 days. And then the crude and purified collagens were characterized by SEM,
UV, and FT IR. The antimicrobial activity of both collagen samples was determined by agar well
diffusion method. The preliminary characterization and bioactivity test was made for biomedical
application of collagens. The biomedical application of crude and purified collagens was further
studied by animal test.

Results and Discussion

Chicken feet may be a good collagen source and could be used to replace beef collagen
(Liu, 2001). There are three major methods of collagen extraction producer such as neutral-salt
solubilized collagen, acid-solubilized collagen and pepsin-solubilized collagen. Organic acids are
capable of solubilizing non-crosslink collagens and also of breaking some of the inter-strand cross-
links in collagen, which leads to a higher solubility of collagen during the extraction process.
Therefore, acidic solutions, especially acetic acid, are commonly used to extract collagen. In this
study, collagen was extracted from chicken feet by acid solubilized method with acetic acid. The
yield percent of crude and purified collagens were found to be 10.08 and 8.23 %, respectively.
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Scanning Electron Microscopy (SEM)

Figure 1 (a) and 1 (b) show the surface morphology of crude and purified collagens. There
were observed fibril like structures. The SEM images of collagen to be regular and uniform with
networking of porous on the surface. Generally uniform network structure of collagen as drug
carrier is propitious, for well-proportioned distribution of drugs. Based on the SEM results, chicken
feet collagen is suitable for the preparation of collagen based products.
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Figure 1 SEM images of (a) crude collagen and (b) purified collagen

UV-visible Spectra of Extracted Collagen

Figure 2 (a) and 2 (b) show the UV-visible spectra of crude and purified collagen. The
ultraviolet spectra of extracted crude and purified collagen showed the maximum absorbance near
232 nm. Moreover, a shoulder or smaller peak in the 250-290 nm region is absent because of the
negligible amount of tyrosine residues and the absence of tryptophan in the extracted collagen.

(a) (b)

Figure 2 UV-visible spectrum of (a) crude collagen and (b) purified collagen

Fourier Transform- Infrared (FT IR) Analysis

The FT IR spectroscopy provides information regarding interaction via analysis of FT IR
spectra corresponding to stretching or bending vibrations of particular bonds. Figure (3, a) shows
the FT IR spectra of extracted crude collagen. The amide B band at 2924 cm™ was assigned to
the asymmetrical CH; stretching. The amide Il band, 1456 cm™ was assigned to the NH bending
coupled with CN stretching vibration. The peak of amide 111 band was found at 1165 cm™.

Figure (3, b) shows FT IR spectra of purified collagen. According to Doyle (1975), a free
N-H stretching vibration occurs in the range of 3400-3440cm™ and when the N-H group of a
peptide is involved in a hydrogen bond, the position is shifted to lower frequencies. The amide A
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band of purified collagen was found at the 3283 cm™ was assigned to the hydrogen bonding in the
NH group of the peptide, which is the main functional group of the collagen. The amide B peak at
2930 cmt, was represented the asymmetrical stretching of CH,. The amide | band was found at
1632 cmt, which associated with the stretching vibration of carbonyl groups (C=0) along the poly
peptide backbone. The amide Il at 1537 cm™ was assigned to the NH bending coupled with CN
stretching vibration. The amide Il band indicates the secondary structure of collagen. The amide
111 band, 1237 cm™ was related to triple helical structure of collagen.
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Figure 3 FT IR spectrum of (a) crude collagen and (b) purified collagen

Antimicrobial Activity of Collagen

Antimicrobial activity of crude collagen and purified collagen was investigated against six
species of microorganisms by employing agar well diffusion method. The samples were tested on
six species of microorganisms including Bacillus subtilis, Staphylococcus aureus, Pseudomonas
aeruginosa, Bacillus pumilus, Candida albicans and Escherichia coli. The results are shown in
Figure 4 and Tablel. It was found that crude and purified collagen showed highest antimicrobial
activity against all tested microorganisms with inhibition zone diameter higher than 20 mm. So, it
may be inferred that the collagens extracted from the chicken feet can be effective in the
formulation of medicine for the treatment of diseases such as soft tissue infection, bone and joint
infection, ear infection, burn infection and as a surgical homeostatic agent.

B subtifis S.aureus

B pumilus C.albican E coli

C= Crude collagen, P = Purified collagen, S = Solvent (Acetic acid)
Figure 4 Antimicrobial activities of crude collagen and purified collagen against six microorganisms
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Table 1 Antimicrobial Activity of Crude and Purified Collagen

Inhibition zone diameter (mm)

Samples B.subtilis S.aureus Paeuginosa B.pumilus C.albican E.coli
Crude collagen 36 35 40 35 38 35
(+++) (+++) (+++) (+++) (+++) (+++)
Purified collagen 38 37 40 36 40 36
(+++) (+++) (+++) (+++) (+++) (+++)
Control - - - - - -

(10 % acetic acid)
Agar well -10 mm

10 mm ~ 14 mm (+) — normal
15 mm ~ 19 mm (++) — high
20 mm above (+++) — highest

Biomedical Application of Chicken Feet

This test was carried out at Department of Medical Research (DMR). The incision skins
of rats were treated with sofre tulle, crude collagen, purified collagen and commercial collagen.The
progress of the treatment was recorded at a specified time interval. The results were shown in
Figure 6. The healing rate of burned and scabs drop time were recorded on days 0, 2, 9 and 17. On
days 2, the wound area increased initially and the progress of all burned skins were not significantly
observed. On days 9,crude collagen, purified collagen and commercial collagen treated wounds
releaved conspicuous redness on the wound border which is a sign of vascularization and re-
epithelization. On days 17, shaving was performed on all rats, since hair had grown extensively.
The burn wounds were almost completely healed that were treated with crude, purified and
commercial collagen. From the observation crude and purified collagens have been shown to
significantly accelerate the burn wound healing. After 17 days, histopathological finding of the
skin lesions was carried out by haematoxylin and eosin (H & E) method and recorded by using
light microscope with specific images. The results showed that the treatment with purified collagen
and commercial collagen were better than the crude collagen and sofre tulle. This histopathological
section of rat skin showed incomplete epithelialization in epidermis, dermis and subcutaneous
tissue in no treatment group. Standard group of rat skin showed re-epithelialization of healing
process but focal epidermal lesion is still present. The wound healing is still in progress and
partially developed re-epithelialization of healing process and focal epidermal lesion is still present
in epidermal layer by treatment with crude collagen and commercial collagen. Good wound healing
in skin lesion of rat model was observed because presence of well-developed granulation tissues
accompanied with well-developed sebaceous glands and sweat gland and hair follicles in epidermis
and dermis layers of skin by the treatment with purified collagen. Better degree of wound healing
was observed in this group by treatment with purified collagen than that of other. These results
were showed in Figure 7.



168 J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A

Figure 5 Preparation of burn wound on rat model

Figure 6 Burn wound activity of treatment on 17 days (I control, 11 sofre tulle, 111 crude collagen,
IV purified collagen and VV commercial collagen)
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Figure 7 Hematoxyline and eosin-stained section of biopsies for the morphological evaluation of
skin lesions of burn skin treated with crude collagen, purified collagen and commercial
collagen on days 17

Conclusion

In this research, chicken feet were used as a source of collagen for biomedical application.
Collagen was extracted from chicken feet by method of Liu, 2001 with slight modification and
then crude collagen was purified by the method of Lin, 2013. The yield percent of crude and
purified collagens were found to be 10.08 and 8.23 %, respectively. The micro architecture of
collagen was studied by using Scanning Electron Microscopy, SEM. From the SEM result, both
crude and purified collagens were identified as fibrillar structure. According to UV spectrum
analysis, collagens were found to be the highest intensity of absorbance peak is 232 nm and no
more other peaks were observed. The FT IR spectra data of collagen indicated the presence of
N-H, C=0, C-H, O-H, CHz. From the screening of antimicrobial activity of collagens, it can be
concluded that the collagens showed the pronounced antimicrobial activity against all tested
microorganisms. So, it may be inferred that chicken feet collagen can be used in the biomedical
and pharmaceutical fields as a potential material for construction of tissue engineering scaffold and
wound dressing system. The chicken feet collagens were studied in biomedical field especially
burn wound healing compared standard sofre tulle drug. The significant improved in burn
contraction by visually was observed when using the chicken feet collagen on days 17 after
burning. Histopathological finding under microscope also reported that the skin treated with
collagen exhibited good wound healing and well developing granulation tissue composed of
sebaceous glands, sweat glands and follicles in epidermis and dermis layers. From these results
chicken feet collagen was better than the standard sofre tulle drug for burn wound healing.
Therefore, this research contributes to academic as well as biomedical application.
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PREPARATION OF SECRETED PROTEINS FROM
STREPTOMYCES SP. SIREXAA-ETO HYDROLYZE CMC AND
CELLULOSE

Nang Naunge Ying!, Taichi Takasuka?, Ye Myint Aung®

Abstract

One of the insect associated bacterium, Streptomyces sp. SirexAA-E (SirexAA-E), was described to
be highly cellulolytic. SirexAA-E grew well on cellulose and other plant cell wall materials such
as xylan, and secretes a suite of specialized enzymes depending on the available carbon sources in
the growth medium. Non-crystalline cellulose (CMC) and chemically pretreated miscanthus were
used as sole carbon sources, and secreted enzymes were compared between two culture conditions.
In the presence of CMC, several prominent cellulaseswere determined by SDS-PAGE. While in the
presence of miscanthus, dozens of enzymes including above cellulases were determined, thus |
decided to use miscanthus as a sole carbon sources to prepare the culture supernatant of Sirex AA-
E. The optimum condition of cultivation of SirexAA-E on miscanthus was determined with regard
to protein yield (mg/L) and quality. It was confirmed that 5 days with 1 mL inoculum into 50 mL
culture gave the highest protein yields with intact form of secreted proteins.

Keywords: SirexAA-E, CMC, SDS-PAGE, miscanthus, inoculum, secreted proteins.

Introduction

Plant biomass is the most abundant of carbon source on earth, and its deconstruction and
subsequent catabolism are key components of global carbon cycling. (Schlesinger, 2000 & Klemm
2005). The main energy in plant biomass is stored in plant cell walls, primarily in the recalcitrant
polysaccharides cellulose and hemicellulose (Kirk, 1987, Awungacha, 2015 & Lynd, 2002).
Efficient breakdown of these insoluble polymers is difficult, and only a limited number of bacterial
and fungi have this capability (Lynd, 2002). Streptomycesis the largest genus of Actinobacteria
and over 1000 Streptomyces sp. from both free livings and eukaryotic symbionts are reported
(Book, 2016, Lewin, 2016 & Poulsen, 2011).Because of the great potential for their capability
(Lynd, 2002). Streptomycesis the largest genus of Actinobacteria and over 1000 Streptomyces sp.
from both free livings and eukaryotic symbionts are reported (Book, 2016, Lewin, 2016 & Poulsen,
2011).Because of the great potential for their secondary metabolites for human health and other
applications, Streptomyces have been capability (Lynd, 2002). Streptomycesis the largest genus of
Actinobacteria and over 1000 Streptomyces sp. from both free livings and eukaryotic symbionts
are reported (Book, 2016, Lewin, 2016 & Poulsen, 2011).Because of the great potential for their
secondary metabolites for human health and other applications, Streptomyces have been the most
extensively studied microorganisms in the past decades (Alvarez, 2017, Clardy, 2006, Demain,
2009 & Adams, 2011). Recently, multiple insect symbionts of Streptomyces were described, and a
potential application for biofuels production has been identified because of their high plant cell
wall degradation potential (Book, 2016).

Streptomyces is the largest genus of Actinobacteria and an ecologically important group in
the soil environment. They play as essential roles in the decomposition of biomass polymers
especially hemicellulose (Cantarel, 2009, Crawford, 1978, Good fellow, 1983 & McCarthy, 1992).
Streptomyces use a wide range of carbon sources and produce antimicrobial secondary metabolites
(Goodfellow, 1983 & Schlatter, 2009). Although, the cellulose-degrading ability of Streptomyces
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was not well described in the past, novel isolate, Streptomyces sp. SirexAA-E, originally isolated
from the wood devastating wood wasp, was shown to possess very high cellulose-degrading
potential (Fig. 1), (Bianchetti, 2013).

In this study, we examined the growth, in the presence of biomass, SirexAA-E secreted
enzymes that hydrolyzed CMC and cellulose.

Cellulose

Lignin

sugars o,
L)

Microbial community

Figure 1 Schematic diagram of wood wasp symbiont microbial community that decomposes
plant cell wall structures by using various cellulases and hemicellulases to produce
sugars.

Materials and Methods
1 General reagents

Media for the growth and cultivation of bacterial cells were used Carboxymethyl cellulose
(CMC) (Sigma-Aldrich, MO, USA), and biomass (miscanthus prepared in this study). Cellulose
(Awvicell) used in the cellulase activity measurements was purchased from Sigma-Aldrich.

2 Growth of organisms

Sirex AA-E was grown in YME medium Table 1. Cultures were incubated for 2 days at
30°C. Different days and different amount of inoculum (mL of inoculum into 50 mL M63 minimum
medium: are shown in (Table 2). The sole carbon source (0.5%, wt/vol) in the medium was
carboxymethyl cellulose (CMC) or biomass (miscanthus). Cultures were incubated with shaking
condition at 250 rpm at 30 °C for the number of days as shown in (Table 3).

3 Preparation of secretomes

Supernatants were prepared from growing cultures by centrifuging the culture medium for
10 min at 4200x g at 4°C to remove insoluble polysaccharides and cells. The supernatant fraction
was then passed through a 0.45 um glass fiber filter (AS ONE co., Osaka) to remove remaining
cells. The concentration of secreted proteins in the supernatants was determined by Bio-Rad protein
assay kit (Bio-Rad). For enzyme assays, the supernatants were concentrated to 1 mg/mL by using
centrifugal ultrafiltration (VIVASPIN 20, Germany).
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Table 1 Preparation of YME medium

Reagents Volume
Yeast Extract 409
Malt Extract 10.0¢g
Dextrose or D-glucose 049
Distilled H.O to bring 1L

Table 2 Preparation of M63 minimal medium

Reagents Volume
K2HPO4 53.6¢

KH2PO4 26.2¢9
(NH4)2S0q4 1009

1 M MgSOg4 1mL

thiamine 1 mL (1 mg/mL)
Distilled H20 to bring 1L

Table 3 Incubation of cultures time

In;)(;: l#]'l]qur(l;lE:?l:—r?em Incubation time (days)
1.0 mL 3 days
5.0mL 3 days
10.0 mL 3 days
1.0 mL 5 days
5.0 mL 5 days
10.0 mL 5 days
1.0 mL 6 days
3.0mL 6 days
5.0mL 6 days
1.0 mL 9 days
3.0mL 9 days
5.0mL 9 days

4. Enzyme activity measurements

173

Reduced sugar assays were carried out by mixing biomass secretome preparations with

polysaccharide-containing substrates including carboxymethyl cellulose CMC and cellulose.
Enzyme hydrolysis reactions were carried out using 0.1 mg/mL of miscanthus secreted protein
from the culture supernatant were incubated with 10 mg/mL of either CMC or cellulose in 10 mM
sodium phosphate, pH 6, at 40 °C for 20 h. The reaction will be stopped by heating for 5 min at 95
°C. Reducing sugar content was determined by the dinitrosalicylic acid (DNS) assay. D-glucose
was used to obtain a standard to quantify the amount of reducing end products. The enzyme activity
in each solution (umol reducing sugar/mg per hour) was calculated.

Results and Discussions
Growth of SirexAA-E with two different carbon sources

SirexAA-E grew well in 50 mL of M63 minimal medium containing two different carbon
sources including 0.5% carboxymethyl cellulose (CMC) and 0.5% pretreated miscanthus. The
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protein contents were analyzed for the culture supernatant from two different carbon sources by
SDS-PAGE and also different amount of inoculum were tested, 0.5, 1.0 and 2.0 mL in 50 mL of
M63 minimal medium for 7 days at 30 °C,to test proteins amount and quality of proteins (Fig. 2).
In the SDS-PAGE analysis of proteins from the CMC and biomass culture supernatants, around
47 kDa and 61 kDa proteins can be seen, respectively, which are indicative of the presence of
untruncated reducing and non-reducing end cellobiohydrolases. In the following protein gel
analyses, thus I utilize these two protein bands as indicators of quality of secreted proteins. From
this result, among two different carbon sources in the culture medium, different amount of proteins
were observed and also different inoculum showed improvement of protein amount in the culture
supernatants. I concluded that the use of miscanthus as a sole carbon source in the growth medium
of SirexAA-E was more relevant to prepare secreted proteins than that of CMC. Thus, | decided to
optimize the secreted protein production by using the medium containing miscanthus as sole
carbon source.

To optimize culture conditions, SirexAA-E was grown on 0.5% (w/v) miscanthus for 3 and
5 days at 30°C with different amount of inoculum (1.0, 5.0 and 10.0 mL) in the 50 mL of M63
minimum medium, and analyzed by the SDS-PAGE (Fig. 3) and the concentration of proteins in
the supernatant was measured (Table 4). Also the culture supernatants from 6 and 9 days at 30°C
with different amount of inoculum (1.0, 3.0 and 5.0 mL) in 50 mL of M63 minimum medium were
analyzed by SDS-PAGE (Fig. 4) and the concentration of proteins in the supernatant was measured
(Table 5). In the 3 days culture supernatants, the following concentrations of secreted proteins were
obtained from the 1.0 mL of inoculum (0.045 pg/pL), 5.0 mL of inoculum (0.083 pg/pL), and
10.0 mL of inoculum (0.080 pg/uL), respectively. In Fig. 2.2., the SDS-PAGE analysis showed
that two indicators (47 kDa and 61 kDa bands) seem to be intact. In the 5 days culture supernatants,
the following concentrations of secreted proteins were obtained from the 1.0 mL of inoculum
(0.358 pg/pL), 5.0 mL of inoculum (0.478 pg/pL), and 10.0 mL of inoculum (0.428 pg/pL)
respectively. In Fig. 2.2., the SDS-PAGE analysis showed that two indicators (47 kDa and 61 kDa)
seem to be intact.In the 6 days culture supernatants, the following concentrations of secreted
proteins were obtained from the 1.0 mL of inoculum (0.154 pg/pL), 3.0 mL of inoculum
(0.107 pg/pL), and 5.0 mL of inoculum (0.153 pg/uL), respectively. In Fig. 2.3., the SDS-PAGE
analysis showed that two indicators (47 kDa and 61 kDa) were intact. In 9 days culture
supernatants, the following concentrations of secreted proteins were obtained from the 1.0 mL of
inoculum (0.144 pg/uL), followed by 3.0 mL of inoculum (0.153 pg/uL), and 5.0 mL of inoculum
(0.141 pg/pL), respectively. In contrast to other samples, one of the two indicators (47 kDa and
61 kDa), 61 kDa protein seem to be proteolytically truncated. Thus, from these results, I concluded
that the culture supernatant from the 5 days culture gave the highest protein production with no
apparent truncation by secreted proteases.

Table 4 SDS-PAGE analysis for 3 & 5 daysof biomass secretomes

Inoculum (mL/ days) Concentration of proteins (ug/uL)
1.0 mL-3 days 0.045
5.0 mL- 3 days 0.083
10.0 mL- 3 days 0.080
1.0 mL- 5 days 0.358
5.0 mL- 5 days 0.478
10.0 mL- 5 days 0.428
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Table 5 SDS-PAGE analysis for 6 & 9 days of biomass secretomes

Inoculum (mL/ days) Concentration of proteins (ug/uL)
1.0 mL-6 days 0.154
3.0 mL- 6 days 0.107
5.0 mL- 6 days 0.153
1.0 mL- 9 days 0.144
3.0 mL- 9 days 0.153
5.0 mL- 9 days 0.141
cMC Biomass
kDa 1 2 3 4 5 6 7

250~
150—

100—

75— w—
50— e ‘

T .-
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25 — -
20 —
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Figure 2 SDS-PAGE analysis of two difference carbon sources in 7 days inoculum.

Secretome analysis by 10% SDS-PAGE gel. SireAA-E was grown on either 0.5% CMC
or biomass (miscanthus) for 7 days at 30°C with different amount of inoculum (0.5, 1.0 and
2.0 mL) in 50 mL culture. Lane 1 is Mw marker. Lanes 2 to 4 are 0.5, 1.0 and 2.0 mL inoculum in
50 mL 0.5% CMC M63 minimum medium, respectively. Lanes 5 to 7 are 0.5, 1.0 and 2.0 mL
inoculum in 50 mL 0.5% miscanthus M63 minimum medium, respectively. 10.0 ug equivalent of
total secretome was used.

3 days 5 days

1 2 3 4 5 6

~3

kDa
250 — p—
1 50 —

100 = s

Figure 3 The SDS-PAGE analysis of biomass secretomes in 3 & 5 days inoculum Secretome
analysis was done by 10% SDS-PAGE gel.
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SireAA-E was grown on 0.5% miscanthus for 3 and 5 days at 30°C with different amount
of inoculum (1.0, 5.0 and 10.0 mL) in 50 mL of M63 minimum medium. Lane 1 is Mw marker.
Lanes 2to 4 are 1.0, 5.0 and 10.0 mL inoculum in 50 mL 0.5% miscanthus M63 minimum medium
after 3 days respectively. Lane 5to 7 are 1.0, 5.0 and 10.0 mL inoculum in 50 mL 0.5% miscanthus
M63 minimum medium after 5 days respectively. 2.0 pg equivalent of total secretome was used.

6 days 9 days

kDa 1 2 3 4 5 6 7
250 -~

150 —

100 -

75 — W

W— — — — —_—

S0 — S S e e S e
37 — -

25 — -

20 — =

10 J D —
Figure 4 The SDS-PAGE analysis of biomass secretomes in 6 & 9 days inoculum.

Secretome analysis by 10% SDS-PAGE gel. SireAA-E was grown on 0.5% miscanthusfor
6 and 9 days at 30°C with different amount of inoculum (1.0, 3.0 and 5.0 mL) in 50 mL culture.
Lane 1 is Mw marker. Lanes 2 to 4 are 1.0, 3.0 and 5.0 mL inoculum in 50 mL 0.5% miscanthus
M63 minimum medium after 6 days incubation, respectively. Lanes 5to 7 are 1.0, 3.0 and 5.0 mL
inoculum in 50 mL 0.5% miscanthus M63 minimum medium after 9 days incubation, respectively.
2.0 pug equivalent of total secretome was used.

Reaction of the biomass secretome

The culture supernatant containing SirexAA-E miscanthus secreted proteins from 1.0, 5.0
and 10.0 mL inoculum for 5 days at 30°C were tested for their ability to degrade CMC and cellulose
to test polysaccharide-degrading enzyme activities from three different inoculum conditions
(n = 3) (Fig. 3). Secretome activity was measured after incubating with CMC or cellulose for 20h
at 40°C. The biomass secretome showed the highest polysaccharide-degrading activities for CMC
substrate in all inoculum compared to the cellulose substrate. In contrast to the CMC hydrolysis
reaction, the miscanthussecretome showed limited hydrolysis on the cellulose substrate due to the
high crystalline nature (Fig. 5).

1 ml
3 S ml

10 ml

Specific activity (pumolhr/mg)

Substrates

Figure 5 Determination of the specific activity (ug/hr/mg) of the culture supernatants from CMC
and crystalline cellulose for polysaccharide degradation.
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Differentamount (1.0, 5.0 and 10.0 mL) of inoculum was tested for 5 days at 30°C. Biomass
activity from SirexAA-E culture supernatant was measured after growth on CMC and cellulose.
Secretome activity was measured after incubating prepared secretomes with the substrate for
20 hrs at 40°C. Error bars indicate the standard deviation from three independent experiments from
secretome. (P<0.05)

Conclusion

In this study, it attempted to discover that 5 days with 1 mL inoculum into 50 mL culture
gave the highest protein yields with intact form of secreted proteins. We examined the growth, in
the presence of biomass, SrexAA-E secreted enzymes that hydrolyzed CMC and cellulose. The
biomass secretome showed the highest polysaccharide-degrading activities for CMC substrate in
1 mL inoculum.
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APPLICATIONS OF MODIFIED CHITOSAN COMPOSITE
MEMBRANES

Nan Yu Nwe?!, Zaw Naing?, Khin Than Yee 3, Cho Cho*

Abstract

The modified chitosan composite membranes (CASG-1 to CASG-4) were prepared with various
ratios of chitosan, alginate, starch and glycerol by using casting and autoclaving methods. These
membranes have smooth surfaces, highly transparent and pale yellow colour. The mechanical
properties such as tensile strength, elongation at break and tear strength of these prepared membranes
were determined. Based on the mechanical properties of the prepared composite membranes CASG-
2 was chosen for biomedical applications. The antimicrobial activities of prepared membranes were
tested by agar well diffusion method. The skin irritation test was conducted by Draize’s method. The
selected composite membranes (CASG-2) indicated that there is no irritation potential in albino
rabbit skin. The selected composite membrane (CASG-2) was used to test in burn wound healing
compared with standard sufre tulle drug. It was found that CASG-2 composite membrane was better
than standard drug, sufre tulle for burn wound healing.

Keywords: composite membranes, mechanical properties, antimicrobial activities, skin irritation
test, wound healing

Introduction

Higher molecular weight chitosan has been reported to have good membrane forming
properties as a result of intra and intermolecular hydrogen bonding. The chitosan membrane
characteristics, however, varied from one report to another due to their excellent properties and
numerous applications like biocompatible coatings and membrane. Differences in the source of
chitin used to produce chitosan, its properties, solvent used, method of membrane preparation, type
of amount of copolymer, plasticizer used, affect the quality of chitosan membrane. These
membranes have been studied in morphological aspects as well as in properties such as crystalline,
porosity, and capacity of ion exchanger, etc. (Kurihara, 1994). Recently the formation of hybrid
membranes of chitosan with inorganic networks has been also studied. The ability of chitosan
membranes may permit its extensive use in the formation of membrane dosage forms or as drug
delivery system. Chitosan could be dissolved in dilute organic acid such as lactic acid and acetic
acid, prior to being cast into membranes. In order to assure for safety of biomedical application,
skin irritation test should be carried out. This must be done to determine the risk of irritation due
to the contact between the chemicals or formulations and human skin (More et al., 2013). Irritation
is manifested by a tissue system in response to stimuli of either exogenous or endogenous origins
(Carson et al., 1964). It has also been advocated as wound healing agent in the forms of a bandage.
Its effect on wound healing in urogenital tissue has also been investigated (Nakatsuka et al., 1992).
In this work, composite membranes were tested on rabbit skin instead of human skin. Scoring
system of rabbit skin irritation and response categories of irritation were shown in Table 1 (OECD
TG 404, 2002) and Table 2 (Draize et al., 1944). Chitosan's unique properties make it useful for a
broad variety of industrial and biomedical applications. In the present study, modified chitosan
composite membranes were prepared and it may be used for medical purposes.
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Table 1 Scoring System of Rabbit Skin Irritation

Reaction Score

Erythema

No erythema

Very slight erythema

Well defined erythema

Moderate to severe erythema

Severe erythema (beet redness) to eschar formation
Oedema

No oedema

Very slight oedema

Well defined oedema

Moderate oedema (raising approximately 1mm)

Severe oedema (raising more than 1 mm and extended beyond the area

of exposure)

Total possible score for primary irritation 8
OECD TG 404, 2002

A~ OWODNPEFO

AOWNEO

Table 2 Response Categories of Irritation

Evaluations Score
No Irritant 0.0
Negligible Irritant 0.1-0.4
Slight Irritant 0.41-1.9
Moderate Irritant 2.0-4.9
Severe Irritant 5.0-8.0

Draize, Woodward & Calvery, 1944

Materials and Methods
Sample Collection

Chitosan sample was purchased from Shwe Poe Co. Ltd., Hlaing Tharyar Township,
Yangon Region.

Starch was prepared from maize grain, Zea mays L. and this sample was procured from
Insein Market, Yangon Region.

Preparation of Chitosan-Alginate-Starch-Glycerol (CASG) Composite Membranes

Modified chitosan composite membranes (CASG) were prepared by using 1.5 % (w/v)
chitosan, 3 % (w/v) sodium alginate, 0.3 % (w/v) starch solution and various ratio of glycerol
0.05 %, 0.10 %, 0.15 % and 0.20 % and the prepared membranes were denoted as CASG-1, CASG-
2, CASG-3 and CASG-4, respectively. The glycerol was also used as plasticizer for flexibility of
membranes. The resulting modified composite solutions were autoclaved at a pressure of 0.1 MPa
and 121 £1°Cfor 1 h.
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Mechanical Properties of Prepared Composite Membranes
Determination of thickness

Thickness of the prepared CASG-1 to CASG-4 composite membranes was measured by
using NSK micrometer. The thickness of the membranes was measured at 5 points (center and
4 corners) using digital micrometer.

Determination of tensile strength and elongation at break

The prepared CASG-1 to CASG-4 composite membranes were cut off according to JIS K
7127 (1987) and the shape and dimension of test pieces were obtained. The both ends of test pieces
were firmly clamped in the jaw of testing machine. One jaw was fixed and the other was moveable.
The rate of moveable jaw was hold 100 mm/min. The resulting data was shown at the recorder.
This procedure for tensile strength was repeated for three times.

Determination of tear strength

The specimen was cut off by using die-cutting. Specimen was cut with a single nick
(0.05 mm) at the entire of the inner concave edge by a special cutting device using a razor blade.
The clamping of the specimen in the jaw of test machine was aligned with travel direction of the
grip in 100 mm/min. The order of the machine showed the highest force to tear from a specimen
nicked. The procedure was repeated three times for each result.

Screening of Antimicrobial Activities of the Prepared Composite Membranes by Agar Well
Diffusion Method

The prepared composite membranes: CASG-1 to CASG-4 were tested with Bacillus
subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus pumilus, Candida albicans
and E. coli species to investigate the nature of antimicrobial activity. After preparing the
bacteriological media, the dried membranes were placed on the agar with flamed forceps and gently
pressed down to ensure proper contact. The plates were incubated immediately or within 30 min
after incubation or after overnight incubation at 37 °C.

Skin Irritation Test

Firstly, the albino rabbits were divided into two groups. Each group was included one
rabbit. The 3 cm? area of hair from back quarter of each albino rabbit was shaved by using the
shaver and cleaned by the clean water. The group-A used as control (with any treatment), and the
group-B was treated with CASG-2 composite membrane respectively. The skin area of treated with
CASG-2 albino rabbit was checked after 2 h later. If the area was shown redness, the animal was
suffering the skin irritation. It observed redness with control to compare treated with CASG-2.

Animal experiment (burn wound healing)

Each Wistar albino rat was anaesthetized by injection Ketamine HCI and Xylazine
(Anaesthesia) allowed for 30-45 min. Then the Ringer’s Lactate solution was induced by
intraperitoneally to resist the heat effect. The hair from dorsal side of Wistar albino rat was shaved.
A 150 g cylindrical metal rod (1 cm diameter) heated to 100 °C in boiling water with an insulated
rubber handle was used for the infliction of burns. Temperature was monitored using a
thermometer. Burn infliction was limited to the loin area of all anaesthetized rats. The skin was
pulled upwards, away from the underlying viscera, creating a flat surface. The rod was located on
its own weight for 20 s on each rat. The average wound size was 1 cm in diameter.



182 J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A

Histopathological finding

The skin lesions samples were obtained by necropsy was fixed with formalin for routine
histopathological processing. Hematoxylin and eosin (H & E) stained and evaluated blinded
manner by two observers using a light microscope with specific image analysis software from
Olympus. For the morphological evaluation of skin lesions, a collagen fiber, inflammatory cell,
blood vessel and granulation tissue of skin tissues were examined under a microscope by the
pathologist.

Results and Discussion

Aspect of Membrane Preparation

In this preparation, modified chitosan-alginate-starch-glycerol composite membranes
(CASG-1 to CASG-4) were prepared by using solvent casting and autoclaving method. These
modified chitosan composite membranes (CASG-1 to CASG-4) showed smooth surface texture,
transparent and pale yellow colour. These membranes to be employed as wound dressing, it should
be durable, stress resistant, flexible, pliable and elastic.

(a) (b) (c) (d)
Figure 1 Modified composite membranes: (a) CASG-1 (b) CASG-2 (c) CASG-3 and (d) CASG-4

Mechanical Properties

The mechanical properties such as tensile strength, tear strength and elongation at break
are important parameters for showing the nature of membranes. The mechanical properties of
CASG-1 to CASG-4 composite membranes are shown in Tables 3 and Figure 2. The more the
tensile strength of membrane, the higher is the elasticity of the membrane. This means to point out
that CASG-2 composite membrane are more flexible and more elastic.

Table 3 Mechanical Properties of the Modified Chitosan Composite Membranes

Membrane Tensile strength Elongation at break Tear strength
(MPa) (“o) (kNm')
CASG- 1 16.00 13.00 15.70
CASG-2 20.50 18.00 42.50
CASG-3 13.20 15.00 20.00
CASG- 4 9.20 32.00 14.40

CASG- 1 = Chitosan (1.5 %) +Alginate (3.0 %) +Starch (0.3 %) +Glycerol (0.05 %) w/v
CASG- 2 = Chitosan (1.5 %) +Alginate (3.0 %) +Starch (0.3 %) +Glycerol (0.10 %) w/v
CASG- 3 = Chitosan (1.5 %) +Alginate (3.0 %) +Starch (0.3 %) +Glycerol (0.15 %) w/v
CASG- 4 = Chitosan (1.5 %) +Alginate (3.0 %) +Starch (0.3 %) +Glycerol (0.20 %) w/v
Thickness =~ 0.10 mm
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Figure 2 Mechanical properties: (a) tensile strength (b) elongation at break and (c) tear strength of
the chitosan composite membranes

Antimicrobial Activities of the Prepared Composite Membranes

Antimicrobial activities of the prepared CASG-1 to CASG-4 composite membranes were
studied. These membranes were tested on six different strains of human pathogenic bacteria,
Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus pumilus, Candida
albicans, and E. coli. To strengthen the finding, the antimicrobial activity of the all prepared
membranes was determined by agar well diffusion method. Antimicrobial activities of the all
prepared membranes were evaluated based on the diameters of clear inhibition zone surrounding
the agar well. The prepared CASG-1 to CASG-4 composite membranes showed medium
antimicrobial activities in the range of inhibition zone diameters (12 ~19 mm). Among them, the
modified CASG-2 composite membrane showed that highest activity against six microorganisms
(16 ~19 mm). The resulting data are shown in Table 4 and Figure 3.
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(d) (e) ()
Figure 3 Antimicrobial activities of prepared chitosan composite membranes (1) CASG-1 (2)
CASG-2 (3) CASG-3 (4) CASG-4 and (5) control

(a) Bacillus subtilis (d) Bacillus pumilus
(b) Staphylococcus aureus (e) Candida albicans
(c) Pseudomonas aeruginosa  (f) E. coli

Table 4 Antimicrobial Activities of the Prepared Composite Membranes: CASG-1 to

CASG-4
Inhibition zone diameters (mm) of the samples against
Membranes different organisms
(a) (b) (© (d) (€) ()
Control - - - - - -
CASG-1 13(+) 15(++) 16(++) 14(+) 13(+) 16(++)
CASG-2 16(+t) 17(++) 17(++)  16(++) 18(++) 19(++)
CASG-3 12(+)  15(++) 12(+) 13(+) 13(+) 16(++)
CASG-4 14(+) 16(++) 13(+) 14(+) 17(++) 18(++)
Ager well — 10 mm *QOrganisms*
10 mm ~ 14 mm (+) (a) Bacillus subtilis (N.C.T.C-8236)
15 mm ~ 19 mm (++) (b) Staphylococcus aureus  (N.C.P.C-6371)
20 mm above  (+++) (c) Pseudomonas aeruginosa (6749)
(d) Bacillus pumilus (N.C.1.B-8982)
(e) Candida albicans
(f) E. coli (N.C.1.B-8134)

Skin Irritation Test

The irritant response was observed according to post-test observation periods. The animals
were observed at 24, 48 and 72 h examination on these skin areas. Group-A rabbit (without
treatment) showed no erythema and no oedema signs. Group-B rabbit (treated with CASG-2)
composite membrane showed no erythema and oedema at 24, 48 and 72 h observation. Thus, it can
be concluded that CASG-2 composite membrane has no irritation potential. These results were
shown in Table 5 and Figure 4.
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Score of Primary Irritation (SPI)

Spl = Erythema and oedema grade at 24,48 and 72 h
B Number of observation

Primary Irritation Index (PII)
_ Y, SPI(Test)—) SPI (Control)

Pl
Number of animals

Table 5 Score of Primary Irritation (SPI) and Primary Irritation Index (PIl) for Rabbits
(Control and Treated with Composite Membrane CASG-2)

Rabbit numbers (Group)
Observation periods A (control) B (CASG-2)
A1 A2 As B1 B2 B3
24 h (Erythema & Oedema score) 0 0 0 0 0 0
48 h (Erythema & Oedema score) 0 0 0 0 0 0
72 h (Erythema & Oedema score) 0 0 0 0 0 0
SPI 0 0
Pl 0 0
Category No irritant No irritant

* Draize et al., 1944 & OECD TG 404, 2002

(b)

First day Second day Third day
Figure 4 Physical appearances of albino rabbits skin test for (a) control and (b) treated with CASG-
2 composite membrane

Appearance changes of burned skin

On days 5 and days 10, the wound area increased initially and the progress of all burned
skins improvements were not significantly observed. On days 15, the crust was sloughed off
completely in CASG-2 treated skin. On days 21, shaving was performed on all rats, since hair had
grown extensively. The burn wound was almost completely healed that was treated with CASG-2.
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From the observations, CASG-2 has been shown to significantly accelerate the burn wound
healing. These results were shown in Figure 5.

Control Standard sufre tulle CASG-2

Figure 5 Treatment of burn skin by using control, standard sufre tulle and CASG-2
composite membranes

Histopathological examination

The crust layer of thin epidermis is detached from wound area. A few area of interrupted
lining epithelium is still present in epidermis of control (no treatment) rat skin. The treated with
sufre tulle (standard drug), there had a few sebaceous glands and sweat glands in epidermis layer
without hair follicles. In the case of using CASG-2 as therapeutic agent of burned wound, well-
developed sebaceous glands, sweat glands and hair follicles in epidermis and dermis layers of skin.
Good wound healing in skin lesion of rat model.
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(ermis)

(@) Control (Epidermis)

| c) CAS-2 (Epidermis) | Dermis) |

Figure 6 Histopathological examination (H& E) stained for morphological evaluation of burn skin
(a) control, (b) treated with standard sufre tulle and (c) CASG-2 (after day 21) epidermis
and dermis

Conclusion

In this study, polymer blended membranes consisting of chitosan, sodium alginate, starch
and glycerol solution were prepared. The various ratios of modified chitosan-alginate-starch-
glycerol (CASG-1 to CASG-4) composite membranes were prepared by solvent casting technique
under autoclaving conditions at 121 °C and 0.1 MPa for 1 h. These modified composite membranes
showed clear, smooth surface, flexible, highly transparent and light yellow colour. Based on the
mechanical properties such as tensile strength, elongation at break and tear strength, the optimum
condition was achieved by using 1.5 % (w/v) of chitosan, 3.0 % (w/v) of sodium alginate, 0.3 %
(w/v) of starch solution, 0.1 % (wi/v) of glycerol. According to mechanical properties, CASG-2
composite membrane was chosen as membrane to apply selected for biomedical applications. The
antimicrobial activities of prepared CASG-1 to CASG-4 composite membranes were tested by agar
well diffusion method. The prepared composite membranes gave antimicrobial activities,
especially CASG-2 composite membrane indicated the highest activity on six microorganisms.
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Skin irritation test showed that selected composite membrane: (CASG-2) was no irritation potential
in albino rabbit skin. Based on the overall results, the selected composite membranes (CASG-2)
are suitable to be used as wound healing and wound dressing for biomedical application.
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PREPARATION AND CHARACTERIZATION OF POLYMERIC
MATERIAL OF CELLULOSE ACETATE-POLYVINYL
ALCOHOL FILM

Hnin Yu Wai?, Thi Dar Khaing?, Khin Kay Thi Han®

Abstract

This work is mainly concerned with the preparation of polymeric material from cellulose acetate
with polyvinyl alcohol (PVA)) and glutaraldehyde as used as cross linker and the study of their
characteristics. The films were prepared by mixing various proportions of cellulose acetate with
various proportions of polyvinyl alcohol and fixed proportion of glutaraldehyde by blending, casting
technique. The prepared films were investigated according to physicomechanical parameters such
as thickness, tensile strength, elongation at break, tear strength and physicochemical parameters
such as water uptake and swelling properties. The optimum ratios for preparing films were chosen
according to their physicomechanical properties. The most favorable conditions for preparing film
namely CPF 3 was found to be 20 mL of 2 % wi/v cellulose acetate, 80 mL of 4 % w/v PVA and
25 mL of 0.025 M glutaraldehyde. It was found that the film CPF 3 possessed 27.30 MPa of tensile
strength, 24.60 % of elongation at break and 58.90 kNm* of tear strength. All prepared films showed
plain, clear, smooth surface, flexible, highly transparent and light white colour. The prepared films
can be used in packaging materials.

Keywords: Cellulose acetate, polyvinyl alcohol, films, tensile strength

Introduction

The importance of polymeric materials has increased in recent years due to their unique
properties and the potential to be beneficial for resource conservation. Novel polymeric materials
are a key research field at Fraunhofer IFAM for adhesive bonding, paint/lacquer technology and
fiber reinforced plastics. These materials are opening up a host of new technical opportunities
(Cascone, 1997).

Cellulose acetate which is an abundant natural fiber resource with an excellent tensile
strength is widely used in oral pharmaceutical products and is regarded as a nontoxic, nonirritant
and biodegradable material (Liu et al., 2012). Among its wide array of applications, cigarette
filters, high absorbent diapers, semipermeable membranes for separation processes, fibers, films
for biomedical domain and mats for transdermal drug delivery can be included. In addition, a long
term antimicrobial effect for wound healing application (Ragauskas, 2016).

Cellulose acetate is an environmental friendly substance for making membranes since it is
a non-toxic material and low can be available at cost. Membranes made from cellulose acetate
have been used for brackish water or seawater desalination and for filtering methanol, ethanol and
urea in a reverse osmosis process. Cellulose acetate was used for its excellent film forming
properties (Darunee and Tripo, 2008).

Synthetic polymers have been widely used in biosensors poly (vinyl alcohol) solid
supports. The hydrogels most commonly known are PVA and their copolymers and their structures
can be controlled by physical and chemical crosslinking of chains. PVA is a synthetic water-
soluble hydrophilic polymer. The basic properties of PVA are dependent on the degree of
polymerization or on the degree of hydrolysis. It has been widely used in adhesives, emulsificants,
in the textile and paper industry applications and in the attainment of amphiphilic membranes for
enzyme immobilization. Most recently, PVA has been used in pharmaceutical and biomedical
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applications for controlled drug release tests due to its degradable and non-toxic properties.
Chemical crosslinking is a highly versatile method to create and modify polymers, where
properties can be improved, such as mechanical, thermal and chemical stability. Also, a novel class
of materials called organic-inorganic hybrids would combine properties of organic polymers with
ceramics. Hybrids would combine properties of organic polymers with ceramics. These different
components can be mixed at length scales ranging from nanometer to micrometer, in virtually any
ratio leading to the so-called hybrid organic-inorganic (Zhang et al., 2009).

The aim of this research is to prepare and characterize the polymeric material of cellulose
acetate-polyvinyl alcohol film. The prepared polymeric material films have been assessed
according to their physicomecnanical properties.

Materials and Methods

All specific chemicals used were cited in details in each experimental section. The
apparatus consists of conventional laboratory glass ware and modern equipment. Some of the
instruments used in the experiments are Balance (Precision Balance, AWS, PN-2100A, China),
Magnetic Stirrer Oven (Universal Oven, Memmert, UFB-400, Germany), Furnace (Thermo
scientific, USA), melamine plate, FTIR (Fourier Transform Infrared Spectrophotometer,
Shimadzu,IR Prestige-21, Japan), SEM (Scanning Electron Microscope, Evo-18, Brandi cars
ZEISS, Germany) and TG-DTA (DTA-60H,Hi-TGA 2950) thermal analyzer.

Collection of Samples

In the experiments, commercial cellulose acetate, polyvinyl alcohol (Molecular weight
20,000, degree of hydrolysis 98 %) and glutaraldehyde were purchased from the British Drug
House (BDH) Chemical Ltd, England. All other chemicals used were of analytical reagent grade.

Determination of Physicochemical Properties of Cellulose Acetate and Polyvinyl Alcohol

The physicochemical properties (moisture content, ash content, solid content, bulk density
and pH) of the samples were determined by conventional methods and the results are presented in
Table 1.

Characterization of Cellulose Acetate and Polyvinyl Alcohol
FT IR analysis

FT IR analysis was performed in order to characterize the functional groups of samples. A
Perkin-Elmer Spectrum GX, USA was used for FT IR analysis. The FT IR spectra of cellulose
acetate and polyvinyl alcohol are shown in Figures 1 and 2 and the description data are presented
in Tables 2 and 3.

SEM analysis

The morphology of prepared cellulose acetate and polyvinyl alcohol was studied by using
Scanning Electron Microscope (JSM-5160, JEOL Ltd., Japan) for analysing micro and macro
pores present on the surface of the samples. The scanning electron micrographs of cellulose acetate
and polyvinyl alcohol are shown in Figures 3 and 4.

Preparation of Cellulose Acetate and Polyvinyl Alcohol Filmss

In this research, all of the cellulose acetate - polyvinyl alcohol films were prepared by
blending casting method.
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On the Aspect of the Preparation of Cellulose Acetate - Polyvinyl Alcohol Films

Clear solution of PVA 4 % w/v was prepared by dissolving 4 g of PVA in 100 mL of water
by stirring with magnetic stir for 20 min at room temperature, to get a clear solution. Clear solution
of cellulose acetate 2 % wi/v in acetone by stirring with magnetic stir for 30 min at 100 °C. Next,
(40, 30, 20, 10, 0) mL of the prepared CA solution and (60, 70, 80, 90,100) mL of prepared PVA
solution and were thoroughly mixed by stirring each pair in the given order for 20 min. The
polymer solution was cooled to room temperature and (0.025 M, 25 mL) glutaraldehyde was
slowly added and allowed to undergo gelation for 10 min. The solution was casted onto cleaned
and dried melamine plate at room temperature for three days.

Determination of the Physicochemical and Physicomechanical Properties of Cellulose
Acetate - Polyvinyl Alcohol Films

The physicochemical and physicomechanical properties (thickness, tensile strength,
elongation at break, and tear strength) of the prepared CPF films were determined by the
conventional method and modern techniques. The resulting data are presented in Table 4 and
Figures 5,6 and 7.

Determination of the Water Uptake Properties of Cellulose Acetate - Polyvinyl Alcohol Films

The water uptake of the prepared CPF 3 films are shown in Figure 8 and the resulting data
are presented Table 5.

Determination of the Degree of Swelling Properties of Cellulose Acetate - Polyvinyl Alcohol
Films

The degree of swelling of the prepared CPF 3 films are shown in Figure 9 and the resulting
data are presented in Table 6.

Characterization of the CPF 3 Film
FT IR analysis

The FT IR spectrum of CPF 3 film is shown in Figure 10 and the description data is
presented in Table 7.

SEM analysis
The scanning electron micrograph of CPF 3 film is presented in Figure 11.

TG-DTA analysis

Thermal analysis of the sample was determined by a DTA-60H (Hi-TGA 2950) thermal
analyzer. The sample (ca. 5 mg) was required and measured in the temperature range 0~600 °C at
20.00 °C/min and nitrogen gas at 50.00 mL/min. The TG-DTA thermogram of CPF 3 film is shown
in Figurel12 and the description data is presented in Table 8.

Determination of Biodegradation
Soil Burial Test

Biodegradation of prepared CPF 3 films were determined by soil burial test examining the
morphology changes. Sample geometry on degradation was also recorded by photo. The physical
appearances of CPF 3 films are shown in Figure 13.
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Results and Discussion

Table 1 shows that the physicochemical properties (moisture content, ash content, bulk
density, and pH) of the cellulose acetate and polyvinyl alcohol determined by the conventional
methods. The pH values of samples were determined by pH meter. The moisture content of
cellulose acetate and polyvinyl alcohol were determined by oven drying method at 115-120 °C to
obtain constant weight. It can be observed that moisture content of the cellulose acetate is
15.24 %, ash content is 5.00 %, solid content is 84.76 %, bulk density is 52.50 g mL™* and pH is
6.20. It can be observed that moisture content of the polyvinyl alcohol is 33.00 %, ash content is
6.50 %, solid content is 67.00 %, bulk density is 0.30 g mL™* and pH is 6.70.

Table 1 Physicochemical Properties of Cellulose Acetate and Polyvinyl Alcohol

No.  Physicochemical Properties  Cellulose Acetate  Polyvinyl Alcohol

1. Moisture content (% ) 15.24 33.00
2. Ash content (%) 5.00 6.50
3. Solid content (% ) 84.76 67.00
4.  Bulk density (g mL™?) 52.50 0.30
5. pH 6.20 6.70

Characterization of Cellulose Acetate and Polyvinyl Alcohol
FT IR analysis

Figurel shows the FT IR spectrum of cellulose acetate. The spectrum of CA shows a weak
and broad band at 3369 cm™, 2919 cm?, 1728 cm™, 1437 cm?, 1019 cm™. These peaks are
assigned to the O-H stretching of hydroxyl group, C-H asymertic stretching, C=0 symertic
stretching acetyl group, C-H stretching of CH3, C-O-C asymetric stretching for ether bridge and
pyranose ring, respectively. The presence of PEG in the spectrum is manifested only as an
outstanding increase of the signal for OH groups and CH stretching at 3289 cm™,

Figure 2 shows the FT IR spectrum of polyvinyl alcohol. The main peak of PVA observed
at at 3305 cm™ 2916 cm™, 1714 cm™, 1423 cm™ ,1248 cm™, 943 cm™.These peaks are assigned
to the O-H stretching of hydroxyl group, C-H as symertic stretching, C=0 carbonyl stretching,
C-H bending of CH2, C-O stretching acetyl group, C-C stretching, respectively.
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Figure 1 FT IR spectrumof cellulose acetate ~ Figure 2 FT IR spectrum of polyvinyl alcohol
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Table 2 FT IR Band Assignments of Cellulose Acetate

Observed wave Literature wave Band assianment
number (cm?) number (cm™) g
3369 3200-3600 O-H (stretching)
3289 3330-3500 O-H and C-H (stretching)
2919 2850-2940 C-H (stretching)
1728 1695-1735 C=0 (symmetric stertching)
1437 1400-1480 C-H (bending ester methyl group)
1019 1320-1380 C-O-C (asymmetric stretching of ether)

* (Silverstein et al., 2003)

Table 3 FT IR Band Assignments of Polyvinyl Alcohol

Observed wave Literature wave Band assianment
number (cm) number (cm™?) g

3305 3200-3600 O-H (stretching)

2916 2850-2940 C-H (stretching)

1714 1705-1750 C=0 (stretching)

1423 1260-1440 C-H (bending of CHy)

1248 1050-1330 C-O (stretching of acetyl group)

943 750-1300 C-C (stretching)

*(Silverstein et al., 2003)

SEM analysis

Surface morphology of cellulose acetate and polyvinyl alcohol are presented in Figures 3
and 4. It is obviously seen that large non-uniform cavities and pores are on the surface of the
cellulose acetate whereas the fibrils with uncrosslinks nature of PVA is observed.

Cellulose Acetate

Figure 3 SEM photomicrograph of cellulose Figure4 SEM photomicrograph of
acetate polyvinyl alcohol

On the Aspect of the Preparation of Cellulose Acetate - Polyvinyl Alcohol Films
Determination of the Physicomechanical Properties of Cellulose Acetate - Polyvinyl Alcohol
Films

For all of the prepared films, physicochemical and physicomechanical parameters were
determined. Among these parameters, tensile strength is more specific than other for determining
films quality. CPF 1, CPF 2, CPF 3, CPF 4 and CPF 5 films were prepared. The results of the
physicochemical and physicomechanical properties of CPF 1 to CPF 5 films are presented in Table
4 and Figures 5, 6 and 7. The most favorable conditions for preparing film namely (CPF 3) was
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found to be with 20 mL of 2 % w/v cellulose acetate, 80 mL of 4 % w/v PVA and 25 mL of
0.025 M glutaraldehyde. It was found that CPF 3 has the highest tensile strength among them.
Moreover, the water uptake tests of the films are also found to be satisfactory. The film CPF 3 has
the equilibrium water uptake percentage among them in Table 5. Therefore, film CPF 3 was chosen
to make the most suitable film.

Table 4 Physicomechanical Properties of Films with Various Proportions of Cellulose
Acetate - Polyvinyl Alcohol Films

Cellulose Acetate - PVA Films

Properties
CPF1 CPF2 CPF 3 CPF 4 CPF 5
Thickness (mm) 0.10 0.11 0.19 0.23 0.18
Tensile strength (MPa) 15.20 19.40 27.30 18.20 17.20
Elongation at break (%) 17.90 22.00 24.60 20.40 18.28
Tear strength (kN/m) 38.40 48.80 58.90 52.60 52.00

CPF 1= (2% wlv, 40 mL) C + (4 % wiv, 60 mL) P + Glutaraldehyde (0.025 M, 25 mL)
CPF 2 = (2 % wiv, 30 mL) C + (4 % wiv, 70 mL) P + Glutaraldehyde (0.025 M, 25 mL)
CPF 3 = (2 % wiv, 20 mL) C + (4 % wiv, 80 mL) P + Glutaraldehyde (0.025 M, 25 mL)
CPF 4 = (2 % wiv, 20 mL) C + (4 % wiv, 90 mL) P + Glutaraldehyde (0.025 M, 25 mL)
CPF 5 = (2 % wiv, 0 mL) C + (4 % wiv, 100 mL) P + Glutaraldehyde (0.025 M, 25 mL)
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5
0 - . . . .

CPF1 CPF2 CPF3 CPF4 CPF5

Tensile Strength (MPa)

Cellulose acetate - PVA film

Figure 5 Tensile strength of cellulose acetate- polyvinyl alcohol films
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Figure 6 Elongation at break of cellulose acetate- polyvinyl alcohol films
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Figure 7 Tear strength of cellulose acetate- polyvinyl alcohol films

Determination of Water Uptake Properties of Cellulose Acetate - Polyvinyl Alcohol

Films

The degree of water uptake was investigated with increasing immersion time. The water
uptake was one of the most significant parameter when a film to be used as packaging materials.
The water uptake was the amount of water entrapped in the matrix including bound water. The
water absorption properties of CPF 3 films were studied for varying time intervals such as 10 min,
20 min, 30 min, 40 min, 50 min and 60 min. The water uptakes as a function of time for CPF 3
films are shown in Table 5 and Figure 8.

Table 5 Water Uptake of Cellulose Acetate -Polyvinyl Alcohol Films

Films Water Uptake (%)
10 min 20min 30min 40 min 50 min 60 min
CPF 1 10.2 12.8 15.7 17.6 20.4 26.9
CPF 2 155 18.6 20.5 224 26.0 28.6
CPF 3 19.3 22.4 25.6 27.3 24.2 32.4
CPF 4 22.1 24.7 27.3 29.5 32.4 34.6
CPF 5 25.4 28.0 315 33.6 37.8 40.2
45 +
40 -
S 35 ~
S 30 - == CPF 1
g 2 x/x/)/"'('/x —8—CPF2
% 20 7 ./././
~ 15 - CPF 3
£ 10 - —CPF 4
= g 1 | | | | H=CPF5
10 20 30 10 50 60
Time (min)

Figure 8 Water uptake of cellulose acetate - polyvinyl alcohol films as a function of contact time
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Determination of Degree of Swelling Properties of Cellulose Acetate - Polyvinyl Alcohol
Films

The degree of swelling of CPF 3 films with different compositions are shown in Table 6
and Figure 9 as a function of immersion time in distilled water at room temperature. For a given
blend composition time, mostly the degree of swelling increased with increasing immersion time.
The degree of swelling of CPF 3 films from 10 min to 60 min was slightly difference for all
prepared films.

Table 6 Degree of Swelling of Cellulose Acetate - Polyvinyl Alcohol Films

Degree of Swelling (%)

Films
10 min 20min 30min 40mn 50 min 60min
CPF 1 8.3 11.2 13.7 16.2 19.36 211
CPF 2 12.4 13.6 15.9 18.3 22.6 25.3
CPF 3 15.5 17.2 17.2 20.4 21.4 23.6
CPF 4 19.2 21.4 21.4 23.0 25.9 27.2
CPF 5 21.4 24.6 24.6 26.4 29.8 30.8
35 +
S 30
;Em 25 1 —4—CPF 1
o 20 A
2 ~#—CPF 2
5 1 CPF 3
3 10 -
> —>=CPF 4
= . =%=CPF5
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Figure 9 Degree of swelling of cellulose acetate - polyvinyl alcohol films as a function of contact
time

Characterization of CPF 3 Film

FT IR analysis

Figure10 shows the FT IR spectrum of CPF 3 film. The bands at 3271 cm™, 2922 cm?,
1648 cm?, 1416 cm™,1328 cm, 1087 cm?, 832 cm™ may be due to O-H stretching, C-H
stretching, C=0 (stretching), C-H (bending of CH3), C-H (bending of CHz), C-O (stretching of
CH-OH) and C-C (stretching) respectively.
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Figure 10 FT IR spectrum of CPF 3 film

Table 7 FT IR Band Assignments of CPF 3 Film

Observed wave Literature wave Band assianment
number (cm?) number (cm) g

3271 3200-3600 O-H (stretching)

2922 2850-2940 C-H (stretching)

1648 1705-1750 C=0 (stretching)

1416 1260-1440 C-H (bending of CH)

1328 1300-1350 C-H (bending of CHz)

1087 1000-1125 C-O (stretching of CH-OH)

832 750-1300 C-C (stretching )

*(Silverstein et al., 2003)

SEM analysis

Surface morphology of CPF 3 is presented in Figure 11. Generally, the images show that
the cellulose was homogeneously dispersed in the PVA matrix. The white dots, having different
sizes on the film can be considered as cellulose. The amount of these smaller white dots was found
to increase with increasing cellulose content indicating that these smaller white dots were mostly
indicating of cellulose dispersed in PVA matrix.

W s -
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Figure 11 SEM photomicrograph of CPF 3 film
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TG DTA analysis

Thermal stability of film CPF 3 is shown in Figure 12. It was investigated by TG-DTA
analysis. On the basis of the thermogram of CPF 3 film, in first stage, the weight loss % about
8.16 % that was found within the temperature range of 38 °C to 80 °C. This is due to the dehydration
of surface giving an endothermic peak at 63.70 °C. In the second stage, the weight loss % about
22.76 % was found within the temperature range of 80 °C to 300 °C. This is due to the
decomposition of polymer backbone giving an endothermic peak at 275.32 °C. In the third stage,
the weight loss % about 55.57 % that was found within the temperature range of 300 °C to 600 °C.
This is due to the degradationof polymerbackbones and burning into char giving an exothermic
peak at 493.17 °C in Table 7.

Figure 12 TG TDA thermogram of CPF 3 film

Table 8 Thermal Analysis Data of CPF 3 Film

TG DTA
Sample Break in Weight Peak Nature of Remarks
Temperature loss Temperature eak
(C) (%) (C) i
38-80 8.16 6370 endothermic Denydration —due o
surface water
CPF 3 80-300 22.76 275.32 exothermic  Dccomposition of
polymer backbone
Degradation of
300-600 55.57 493.17 exothermic  polymerbackbones and

completely burn

On the Aspect of Biodegradation

The environment friendly degradable plastic has been developed by gelling the cellulose
acetate with the synthetic polyvinyl alcohol (PVA) polymer. One of the objectives of development
of CPF 3 film is to make easy throw away materials from degradable plastic to alleviate waste
disposal problems by means of environmental degradation. In this work, biodegradation of CPF 3
film was tested by soil burial method actual condition of waste disposal. Uniformly sized samples
were buried in the soil from waste disposal. The physical appearance of CPF 3 films buried in the
soil is shown in Figure 13. The Figure 13 shows biodegradation nature of CPF 3 film for 3 months
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interval. These figures clearly showed significant deformation of films observed at films at each
investigation period.

(d) (b) (c) (d)

Figure 13 The physical appearances of CPF 3 film (a) Before burial test (b) After one month
(c) After four month (d) After seven month

Some Possible Application of Prepared Films

The prepared cellulose acetate - polyvinyl alcohol films will be widely used in packaging
materials. The photographs of CPF films are presented in Figure 14 and the photograph of the
prepared food packaging box is in shown Figure 15.

Figure 14 Photographs of CPF film

Figure 15 Photograph of the prepared food packaging box

Conclusion

Polymeric materials consisting of cellulose acetate and polyvinyl alcohol films were
prepared. The various types of cellulose acetate - polyvinyl alcohol films were prepared by
blending, casting technique. According to the physicomechanical properties such as tensile
strength, elongation at break (%) and tear strength, the optimum conditions was achieved by using
80 mL of polyvinyl alcohol and 20 mL of cellulose acetate. All prepared cellulose acetate -
polyvinyl alcohol films showed plain, clear, smooth surface, flexible, transparent to light white
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colour. According to physicomechanical properties, film (CPF 3) sample was chosen as optimum
conditions for the preparation of cellulose acetate - polyvinyl alcohol films. The prepared cellulose
acetate - polyvinyl alcohol film will be widely used in packaging materials.
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FABRICATION OF ARECA NUT FIBRE-RUBBER COMPOSITES
USING TAGUCHI OPTIMIZATION

Thwe Thwe Soel2, Htin Zaw Myint3, Saw Hla Myint*

Abstract

In the present work, Taguchi method; a Design of Experiment (DOE) technique was used to
optimize the process parameters to prepare the areca nut fibre - natural rubber composite possessing
desired qualities, using minimum of time and resources. The tools and techniques such as,
orthogonal array, signal-to-noise ratio (S/N), and the optimum condition were employed in Taguchi
method to study the process parameters of the areca nut fibre - natural rubber composite. Three
factors, namely fibre treatment type, fibre length and fibre loading (that is, loading of fiber) were
considered as the process parameters. Three levels for each parameter were used. Accordingly, a
suitable orthogonal array L (3%) was selected and experiments were conducted. After conducting
the experiments the mechanical properties (hardness, and tear strength) of the prepared areca nut
fibre - natural rubber composites were measured and (S/N) ratios were calculated. With the help of
graphs, optimum parameter values were obtained and the confirmation experiments were carried
out, and satisfactory agreement was obtained.

Keywords; Taguchi method, orthogonal array, signal-to-noise ratio, optimum condition

Introduction

A composite material system is composed of two or more physically distinct phases whose
combination produces aggregate properties that are different from those of its constituents.
Composites can be very important because of its strong and stiff, yet very light in weight, so ratios
of strength to weight and stiffness to weight are several times stronger than steel or aluminum and
also possible to achieve combinations of properties not attainable with metals, ceramics, or
polymers alone.

Natural rubber (NR) is one of the main elastomers and widely used to prepare many rubber
compounding products. NR is frequently reinforced by assimilation of the filler to improve its
mechanical properties like; tensile strength, modulus, tear strength, elongation at break, hardness,
rebound resilience and abrasion resistance (Khalil et al., 2014). For this purpose, fillers are
commonly used for rubber. Effectiveness of the reinforcing filler depends on numerous factors
such as particle size, surface area and shape of filler. Nowadays, there has been growing interest
in the use of industrial and agriculture waste such as areca nut fibre as fillers for rubber and their
blends. The benefits of these fillers include low cost, easy availability and protection to our
environment.

In the recent years, Taguchi method is a statistical method developed by Genichi Taguchi.
Initially it was developed for improving the quality of goods manufactured (manufacturing process
development), later its application was expanded to many other fields in Engineering, such as
Biotechnology etc. Professional statisticians have acknowledged Taguchi’s efforts especially in
the development of designs for studying variation. Success in achieving the desired results
involves a careful selection of process parameters and bifurcating them into control and noise
factors. Selection of control factors must be made such that it nullifies the effect of noise factors.
Taguchi method involves identification of proper control factors to obtain the optimum results of
the process (Srinivas and Venkatesh, 2012). Orthogonal Arrays (OA) are used to conduct a set of
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experiments. Results of these experiments are used to analyze the data and predict the quality of
components produced (Rahul et al., 2014).

Process Optimization

Process optimization can be defined as the method of finding the conditions that will give
the maximum or minimum value desired of a response.

Taguchi method minimizes the effect of uncontrollable or noise factors. It determines the
optimum combination of controllable factors that will give the best value of the desired response.
It is a multi-response optimization where a balance is to be achieved between a number of desired
responses. Taguchi experimental design is one of the most commonly used techniques of process
optimization. Taguchi method is a robust design method, because it reduces the variation of the
quality of product by making the process less sensitive to the noise. The fundamental principle of
robust design is to improve the quality of a product by minimizing the effect of the causes of
variation without eliminating the causes.

Approach to Product/Process Development

Many methods have been developed and implemented over the years to optimize the
manufacturing processes. Some of the widely used approaches are as given below:

1. Best-guess” experiments
2. One-factor-at-a-time (OFAT) experiments
3. Statistically designed experiments (Taguchi Method belongs to this method.)

In the present work, Taguchi method was used where the design parameters change
simultaneously. It uses orthogonal array (OA) to reduce the number of experiments to run.
Calculation of the signal-to- noise ratio (S/N) is done to predict the optimum values of input
parameters to achieve the target quality of the product.

Orthogonal Array

There are different orthogonal arrays, i.e., the OA shown on the right is called Lo (3%) OA.
The advantage of using OA is that it reduces the total number of experiments to be carried out:
e.g., for the 3 factors & 3 levels case (i.e., each factor can haves three values), all possible
combinations of factor levels requires 3% = 27 experiments; but using Lo (3%) OA requires only
9 experiments. Columns of the array are mutually orthogonal. Its means that for any pair of
columns, all combinations of factor levels occur and they occur equal number of times. This is
called the balancing property and it implies orthogonality. The number of columns of an array
represents the maximum number of factors that can be studied using that array. Each number under
a column is a level of the factor represented by the column. The number of rows of an orthogonal
array represents the number of experiments.
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Table 1. Lo (3% Orthogonal Array

Experiment Column
Number 1 2 3
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

Steps Involved in Taguchi Method
The use of Taguchi’s parameter design involves the following steps;

1. Deciding the important process parameters and their levels, response parameter and its
characteristics.

2. Selecting the appropriate OA and assigning the parameters to its various columns.

3. Conducting experiments for the levels given in each row, random order, and noting
down the value of the response parameters. Each experiment is run three times.

4. Studying factors effects and finding out the optimum combination of the parameters.
Calculating to predict the best value of the response characteristic.

5. Calculating the range within which the experimental value should lie and conducting
confirmation experiment

6. Performing analysis of variance (ANOVA) to find out the significance of the various
factors and their relative contribution.

Materials and Methods

The Taguchi method is well known by simplification of experimental plan and feasibility
of study of interaction between various parameters. In this method a less number of experiments
are carried out, hence time and cost are reduced considerably. Main effect analysis is performed
based on the average output of the quality characteristic at each parameter. Using the main effect
and S/N ratio a prediction of the best combination of optimum parameters can be calculated
(YYathiAjay et al., 2015).

Design of Experiment (Taguchi Methodology)

The important process parameters (factors) and their levels, response parameter (hardness
and tear strength in our case) (see below) and its characteristics was decided. Then an appropriate
orthogonal array (OA) was chosen and the selected parameters and their levels were assigned to it.
And then, each experiment was done according to the set of parameter levels in each row of the
OA, in random order of rows. Each experiment was repeated three times and the values of the
response parameters were recorded. The effect of factors on each level was calculated and the
optimum combination of the parameters was chosen graphically. To do this, the chosen type of
signal-to-noise ratio was calculated (the larger the better on our case) (see below). The best value
of the predicted response characteristic was calculated and validated by running the experiment
with the calculated optimum combination of input parameters.
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Response Names ; Hardness (IRHD) and Tear Strength (kN/m)
Response Types ; Larger-the-better , SN =-10log [%Z?:ly_l,z ]

Selecting of processing parameters

Three processing parameters (or) factors, each with three levels were chosen. (The non-
linear behavior of the response characteristic can only be studied if more than two levels of a
parameter were used.)

Factor one is the type of fibre (its three levels are: untreated, alkali treatment and potassium
permanganate treatment). Choosing these processing types was based on the more reactive groups
on the areca fiber surface, and effective areca fiber surface area for good adhesion with the natural
rubber matrix. Furthermore, chemically treated areca fiber surface became more hydrophobic and
there is improvement in surface characteristics such as wetting, adhesion and porosity of areca
fibers, which improve interfacial adhesion between the treated areca fiber surface and the natural
rubber matrix.

Factor two is the fibre length. It was also one of the parameters chosen due to its influence
on the strength of the composite (20 mm is reported to be the upper limit (Rameez et al., 2016)).
The three levels are: 5, 10 and 15 mm fibre lengths.

Finally, factor three is the fibre loading. It also has effects on the strength of a composite
(Rameez et al., 2016). The three levels are: 5, 10 and 15 % by loading. Thus three levels are
selected for each parameter (Table 2). Nine experiments have been done with different
combinations of levels of parameters according to Lo orthogonal array was carried out (Table 3).

Table 2 The Parameters for Three Levels of Selected Factors

Factors Level -1 Level-2 Level-3
Fibre treatment type  Untreated Alkali treated KMnO4 treated
Fibre length (mm) 5 10 15
Fibre loading (%) 5 10 15
Table 3 The Combination of Different Levels of Parameters According to Lg Orthogonal
Array
Experiment Column
No. Fibre treatment type  Fibre length (mm) Fibre loading (%0)
1 Untreated 5 5
2 Untreated 10 10
3 Untreated 15 15
4 NaOH 5 10
5 NaOH 10 15
6 NaOH 15 5
7 KMnO4 5 15
8 KMnOg4 10 5
9 KMnO4 15 10

Synthesis of Natural Rubber Composites Reinforced by Areca Nut Fibre

Natural rubber smoked sheets for the experiments were procured from Myanmar Gone Yee
Rubber Plantation, Bago Region. The areca nut fibre-rubber composites were prepared and their
mechanical characteristics were recorded at Rubber Research and Development Centre in Yangon.
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kg
N
Figure 1 Natural rubber

Materials

Natural rubber smoked sheet grade 1, zinc oxide, stearic acid, mecrapto benzothiazole, oil,
antioxidant, sulphur, untreated, alkali treated and potassium permanganate treated areca nut fibre.

Procedure

Natural rubber smoked sheet Figure 1was first rolled at 60°C for 5 minutes on a Two Roll
Mill to break out the fibrous bond of rubber polymer chain. This step is called mastication. Then
mercapto benzothiazole (MBT) was mixed on rolling. After %2 minute zinc oxide and stearic acid
were added simultaneously and rolled for 2 minutes. And then petroleum oil was added and rolled
for one minute. Sulphur was added and rolled about 3-4 minutes until thick sheet was obtained.
Vulcanized rubber was obtained. Finally, the vulcanized rubber was mixed separately with
untreated and treated fibres (various ratios according to Table 4) on rolling. The fibre loadings
based on 100 g of rubber were in weight. Total mixing duration was 10 to 15 minutes. During
mixing whenever the roller becomes too hot, water was sprayed on the roller (The temperature
must be maintained at 60°C). The matrix material thus obtained for composite preparation was
being allowed to age for 24 hours. Procedure for preparation of natural rubber—areca nut matrix
and the composite was shown in Figure 2.

Natural rubber

(Smoked sheet)
Mastication ¢ (1) rolled with two roll mill at temperature ( 60 °C)
o (i1) added activator (stearic acid and ZnO)
Activation
(111) added oil
Acceleration sL(iV) added accelerator (MBT)

¢ (v) added antioxidant

Unvulcanized rubber matrix

Vulcanization ‘l’ (vi) added sulphur

(vii) added untreated, alkali
treated & KMnOQ, treated fibre
(5,10, 15mm & 5, 10,

15 % in wt.)
rubber—fibre composites
(U(5,5), U(10,10), U(15,15), S(5,10), S(10,15)
S(15,5), P(5,15), P(10,5), U(15,10))

Untreated
rubber (NR)

Figure 2 Flow diagram for the preparation of rubber-areca nut fibre composite
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Making composites

The molded plates of aging matrix were compressed for shaping by Hand Press Machine).
Firstly, the plates were hot pressed at 153-160 °C ( Hardness for 8 minutes and Tear Strength for
6 minutes) under 1000 Ib in*? loading. By mixing reinforcing agents nine samples were prepared
and compositions of these samples were illustrated in Table 4.

Table 4 Composition of Prepared Natural Rubber Composites Reinforced by Areca Nut

Fibre

Sr. | Ingredient natural
' g rubber Composite
no. (9) (NR)
1 x%tggf' 100 |100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
2 |Zinc oxide 5 5 5 5 5 5 5 5 5 5
3 |Stearic acid 25 2.5 25 2.5 2.5 2.5 25 | 25 | 25 25
4 Eiel”o'e“m 3 3 | 3 3 3 | 3 |3 |3]| 3] 3
5 |MBT 1.8 1.8 1.8 1.8 1.8 1.8 18 | 18 | 1.8 1.8
6 |Antioxidant 1 1 1 1 1 1 1 1 1 1
7 | Sulphur 2 2 2 2 2 2 2 2 2 2
8 | Areca nut - U U U S S S P P P
fibre (5, 5)[(10,10)| (15,15) | (5,10) |(10,15)|(15,5)|(5,15)|(10,5)((15,10)
NR = Natural rubber
U (5,5) =Composites with untreated areca nut fibre (5 mm in length and 5 % in loading of fibre to rubber)

U (10, 10) = Composites with untreated areca nut fibre (10 mm in length and 10 % in  loading of fibre to rubber)
U (15, 15) = Composites with untreated areca nut fibre (15 mm in length and 15 % in loading of fibre to rubber)
S (5,10) = Composites with alkali treated areca nut fibre (5 mm in length and 10 % in loading of fibre to rubber)
S (10, 15) = Composites with alkali treated areca nut fibre (10 mm in length and 15 % in loading of fibre to rubber)

S (15,5) = Composites with alkali treated areca nut fibre (15 mm in length and 5 % in loading of fibre to rubber)

P (5, 15) = Composites with permanganate treated areca nut fibre (5 mm in length and 15 % in loading of fibre to
rubber)

P (10, 5) = Composites with permanganate treated areca nut fibre (10 mm in length and 5 % in loading of fibre to
rubber)

P (15, 10) = Composites with permanganate treated areca nut fibre (15 mm in length and 10 % in loading of fibre to
rubber)

Determination of the Mechanical Properties of the Areca Nut Fibre-Natural Rubber
Composites

Reinforced by areca nut fibre

Comparative determination of mechanical properties of natural rubber composites
reinforced by areca nut fibre such as hardness and tear strength were carried at the Rubber Research
and Development Centre in Yangon.

Determination of hardness

The hardness of a composite also depends on the distribution of the fibre into the matrix.
Better dispersion of the fibre into the matrix with minimization of voids between the matrix and
the fibre enhanced this hardness. Hardness is a measurement in degree and based on the penetration
into the rubber of a definite indentor under a set load. Three scales are commonly used. IRHD
(International Rubber Hardness Degree), Shore A, and Shore D. For hard materials over 90, Shore
A scale is used. IRHD is preferred for most specifications, but Shore A is also in widespread use.
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Materials
Natural rubber sheet, Rubber composite

Apparatus
Wallace Rubber Hardness Tester Figure 4

Procedure

Hardness is a measure of an elastomer’s response to a small surface stress. The test was
based on the measurement of the indentation of a rigid ball into the rubber Figure 3 under specified
conditions. The specified test piece was placed in a Wallace rubber hardness tester Figure 4 and
the vibrator was switched on. Hardness is a measurement in degree based on the penetration into
the rubber of a definite indentor used. After 30 seconds, the hardness was read directly in IRHD
on the micrometer gauge.

Figure 3 Prepared samples to determine hardness Figure 4 Wallace rubber hardness tester

Determination of tear strength
Materials
Natural rubber sheet, Rubber-Fibre composite

Apparatus
H-5000E Tensile Testing Machine Figure 5

Procedure

The determinations were carried out at standard laboratory temperature in the H-5000E
Tensile Testing Machine Figure 5. The test pieces were cut 100 mm length and the machine was
started and the change in the test piece monitored continuously. Tear strength is a resistance to the
growth of a cut or nick in a vulcanized fiber-rubber specimen when tension was applied. Tear
strength is an important consideration, both as the finished article was being removed from the
mold and as it performs in actual service.

Figure 5 Determination of tear strength
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Results and Discussion

Since hardness and tear strength are the criteria that were chosen to study the optimum
parameters, then in determination of S/N ratio, the larger- the- better quality characteristic has been
selected.

After performing experimental design and tabulating performance data, appropriate
signal-to-noise (S/N) ratio was calculated.

S/N ratio for “larger is better” : SN_=-10 log [%Z?ﬂﬁ ]

Where, n is number of repetitions of each experiment and
yi is the measured result for i repetition of each experiment

Table 5 Results for Determination of Signal-to-Noise Ratios for Hardness and Tear Strength
of the Composites Prepared According to Le Orthogonal Array Design

Hardness (IRHD) S/N Tear Strength (KN/m) S/N
Elxpt RI Rz R3 Rato | g, R2 R3 Ratio
0. (dB) (dB)
1 38 36 36 31.277 22.3 27.5 275 28.092
2 45 40 42 32.503 23.0 21.9 22.2 26.986
3 51 45 47 33.529 18.2 14.7 17.3 24.362
4 40 47 45 32.808 16.0 22.6 204 25.598
5 43 48 48 33.282 20.7 24.0 23.6 27.088
6 40 42 40 32.178 20.9 25.5 24.1 27.329
7 44 41 43 32.590 19.4 18.9 19.0 25.619
8 37 38 38 31.517 23.0 28.1 27.1 28.222
9 42 40 40 32.178 19.3 28.6 26.9 27.537
Total 380 377 379 291.864 182.8 211.8 208.1 240.833
Overall mean of hardness Mean, Overall mean of tear strength ~ nean,
= 42.074 m=32.429 =22.322 m= 26.759

Then the mean S/N ratios at each level for various factors have to be calculated. The factor
levels corresponding to the highest average S/N ratio will give the optimized condition of
maximum efficiency. The S/N ratio for the individual control factors are calculated as given below;

Effects of factor A at Level 1, mai=(y+np+13)/3

where 1y is the signal-to-noise ratio of the first row

where n is the signal-to-noise ratio of the second row, etc.

Effect of factor A at level 2, maz =(u+1s+1)/3

Effect of factor A at level 3, mas =(7+1g+19)/3

Effect of factor B at level 1, mg1 =(u++17)/3

Effect of factor B at level 2, mg2 =(p+15+15)/3

Effect of factor B at level 3, mgs =("g+1%+1%)/3

Effect of factor C at level 1, mc1 =(+16+18)/3

Effect of factor C at level 2, mcz =(no+14+19)/3

Effect of factor C at level 3, mcs=("s+5+)/3 (YathiAjay et al., 2015)
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Table 6 The Effects of Factor on Individual Levels for Hardness

209

Factor  Fibre treatment type  Fibre length (mm) Fibre loading (%)
Levels Raw S/N ratio Raw S/N ratio  Raw S/N ratio
data data data
L1 42 32.437 41 32.225 38 31.657
L2 44 32.756 42 32.434 42 32.496
L3 40 32.095 43 32.628 46 33.134
Table 7 The Effects of Factors on Individual Levels for Tear Strength
Factor Fibre treatment type Fibre length (mm) Fibre loading (%)
levels Raw S/N ratio Raw S/N ratio Raw S/N ratio
data data data
L1 21.6 26.480 21.5 26.436 25.1 27.881
L2 22.0 26.672 23.7 27.432 22.3 26.707
L3 234 27.126 21.7 26.410 19.5 25.690

The optimum factor levels can be easily identified from the graphs showing the variation
of S/N ratio (Y-axis) with the Levels (X-axis) for different factors. The graphs for hardness and
tear strength are shown below.

Effect of fibre type on hardness Effect of fibre type on tear
33.000 - 44 28.000 - Strength 240
= - A = ] E
£ - Y “ L 42 % £ - 5
= 32500 - - = 27000 — o == 220 =
5 e 3| |5 g
“ 32.000 . - 38 26.000 . : 200
Raw NaOH EKMnO: Raw NaOH EMnQOs
Fibre Treatment Type Fibre Treatment Type
Effect of fibre length on hardness Effect of fibre length on tear
strength
33.000 44 , 28000 S 240
2 - 3 =] Fa™ - =
s S | | £ 27000 Z > 20 T
232.500 e —— wclla T % I
oo v Fa
@ & 26.000 . . 200
32.000 . - 40 3 10 15
5 10 15 Fibre Length (mm)
Fibre Length (mm)
Effect of fibre loading on hardness Effect of fibre loading on tear
strength
o 34.000 48 - o 28.000 - -y 30.0 %
E T E S - o
H . Cd o] 1. . -
z 32.000 _#_ 42 > z 26.000 20.0 %
o] 3 & o) o
30.000 . 36 24.000 T T 10.0
' 5 10 15 5 10 15
Fibre Weight (%) Fibre Weight (%)

Figure 5 Effect of the largest fibre type, fibre length and fibre loading on hardness and tear strength
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Hardness and Tear Strength Test Result

From the graphs, the optimum combination input parameters for hardness can be observed
as: the fibre treatment type NaOH treatment, fibre length 15 mm and fibre loading 15 % weight.
Similarly, for tear strength the optimum combination input parameters are: fibre treatment type
KMnO4treatment, fibre length 10 mm and fibre loading 5 % weight.

Table 8 Optimum Combinations of VValues of Factor Levels for each Property Measured

Property Factor levels

measured Fibre treatment type Fibre length (mm) Fibre loading (%)
Hardness NaOH 15 15
Tear strength KMnO4 10 5

Calculation of Optimum S/N ratio and the Prediction of the Corresponding Optimum Value
of the Property

The optimum condition of the three process parameters for hardness is A2B3Cs, (A= fibre
type, B= fibre length, C= fibre loading) then the theoretical value of " under the optimum

conditions, denoted by "ot is given by:
Topt = M + (Mai - M) + (Mgj - M) + (Mck - M)
Where i, j, k are the best levels, respectively, for factors A, B and C.

The corresponding optimum value of larger-the-better type of response characteristic is
given by

YOptZZ 1/ 10-Nopt/10

Table 9 Example Calculated for Hardness of Optimum S/N Ratio

Factor Fibre treatment type Fibre length (mm) Fibre loading (%)
Raw . Raw . Raw .

levels data S/N ratio data S/N ratio data S/N ratio
L1 42 32.437 41 32.225 38 31.657
L2 44 32.756 42 32.434 42 32.496
L3 40 32.095 43 32.628 46 33.134

Optimum Value - mai, mg;j, Mck

m m m n
A2 B3 Cc3 m opt yopt

Hardness 32.756 32.628 33.134 32.429 33.660 48.20

Comparison of Optimum Condition and Experimental results for Mechanical Properties

It can be clearly shown from this table for theoretical optimum conditions and experimental
results data of hardness and tear strength are nearly the same. So, NaOH, 15 mm, 15 % is more
significant than other fibre treatment and filler content for hardness. The highest tear strength is
KMnO v 10 mm, 5 % more significant. Therefore, Taguchi’s Method of parameter design can be

performed with lesser number of experiments as compared to that of other analyses. Taguchi’s
method can be applied for analyzing any other kind of problems as described in this paper. It is
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found that the parameter design of the Taguchi method provides a simple, systematic, and efficient
methodology for optimizing the process parameters.

Table 10 Optimum Values

m m m n Yy
Ai Bj Ck m opt opt
Hardness 32.756 32.628 33.134 32.429 33.660 48.20
Tear Strength 27.126 27.432 27.881 26.759 28.920 27.93

Table 11 Experimental Results for Mechanical Properties

Hardness  Tear Strength

(IRHD) (KN/m)
NaOH 15, 15 58.6 19.8
KMnO, 10, 5 50.6 26.1
Rubber only 30.0 24.1
Conclusion

Instead of the conventional one-factor-at-a-time (OFAT) method, the present work
manipulates multiple variables simultaneously using statistical technique (design of experiments
(DOE)) known as Taguchi method. This method has successfully provided the optimum values of
the selected process parameters to be used to prepare two samples of areca nut fibre-natural rubber
composites with preferential qualities, hardness for the one and tear strength for the other.
Experiments were done according to a Lo orthogonal array and the results were analysed using the
conceptual signal-to-noise (S/N) ratio approach to get the optimum parameter values to effect the
desired quality of each composite sample:

For the highest hardness - NaOH treated fibre, with fibre length (15 mm), and fibre
loading (15 %) should be used.

For the highest tear strength - KMnOs treated fibre, with fibre length (10 mm), and fibre
loading (5 %) should be used.

The difficulty to tear is due to the high interfacial locking between the fibre and matrix.
Both samples also were found to possess higher values of the respective selected qualities than the
rubber without fibre.

These results clearly evidenced that chemical treatments are very effective in surface
modification of the areca fibers and improving the mechanical properties of areca fiber reinforced
natural rubber composite. So, these chemically treated areca fiber reinforced natural rubber
composites are suitable for applications where hardness or tear strength are required, while at the
same time reducing environmental issues caused by the unused betel nut shells. All these results
have been realized with economy of time and resources by using Taguchi design of experiment.
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PREPARATION OF SILVER COLLOIDAL SOLUTION COATED
CERAMIC FILTER AND ITS ANTIMICROBIAL ACTIVITY

Thazin Oo?, Zaw Naing?, May Zin Oo®, Cho Cho*

Abstract

In this research work, the silver colloidal solution was synthesized by using silver nitrate and watery
extract of bamboo leaves as reducing agents. The optimum ratio of red clay, brown clay and rice
husk (6:3:1 w/w) were used for preparing porous ceramic filters. Silver colloidal solution was coated
on prepared ceramic filter and silver coated filter, was obtained. EDXRF and SEM were used to
examine the silver percent content of coated and uncoated ceramic filters. EDXRF analysis showed
that silver (0.166 %) was present in coated filter and absent in uncoated filter. The antimicrobial
activities of uncoated filter and coated filter by agar well diffusion method were tested on Bacillus
pumilus, Bacillus subtilis, Candida albicans, Escherichia coli, Pseudomanas fluorescens and
Staphylococcus aureus strains. The coated filter showed high antimicrobial activities on six
microorganisms but not on the uncoated filter. Based on the results, prepared silver coated ceramic
filters may be used as ecofriendly, environmental friendly and most effective filter material for water
treatment due to its antimicrobial activities.

Keywords: silver colloidal solution, ceramic filter, antimicrobial activity, bamboo leaves, watery

extract

Introduction

The World Health Organization (WHO) assessed in 2000 that 1.1 billion peoples do not
have access to ‘improved drinking water sources’. Consumption of unsafe water continues to be
one of the major causes of the 2.2 million diarrhoeal disease deaths occurring annually, mostly
children in developing countries. According to the WHO a short-term solution to meet the basic
need of safe drinking water can be found in household water treatment and safe storage (HWTS).
An appropriate technology complies with WHO guidelines on the quality and quantity of water. It
ensures the guarantee that water for personal or domestic use is safe and therefore free from
microorganisms, chemical substances and hazards that constitute a threat to a person’s health
(Halem, 2006). People have to collect their own water outside their own water outside their homes
and then store the water in the household due to the lack of water supply, and contaminations could
occur during the water collection, transport, and storage, which cause a high chance of water-borne
disease infection (Mohamed, 2018).

Silver nanoparticles (AgNPs) can be easily incorporated into drinking water purifiers so as
to deliver safe and clean water at low cost. Nevertheless, the large demands in nanoparticles
availability and high microbial loading during disinfection of drinking water still limits AgNPs
either for household (point-of-use) water treatment or when specialized treatment is required
(Simeonids et al., 2016). Deposition of AgNPs in the bacterial cell surface can affect cell
membrane permeability. Nanoparticles can destroy both bacterial cell wall and cell membrane well
(Likus, 2013). There have been several reports on the use of AgNPs in the field of medicine. The
AgNPs have been used as therapeutic agents, as glyconano sensors for disease diagnosis and as
nano carriers for drug delivery (Srikar et al., 2016).

Ceramic-water filtration by using ceramics is an inexpensive and effective type of filtration
method that relies on the small pore size of ceramic material to filter dirt, debris, and bacteria out
of water. Typically bacteria, protozoa, and microbial cysts are removed but the filters are not
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effective against viruses since they are small enough to pass through to the other “clean” side of
the filter. Ceramic when combined with silver impregnated carbon is called sterasyl that is ideal
for filtering microbiologically unsafe water; however sterasyl does not remove fluoride. The only
disadvantage of ceramic materials is the brittle nature which may develop hairline cracks during
handling (Padmaja et al., 2007). In the present investigation an attempt is made to prepare a silver
colloidal solution coated ceramic filter and it can be used as a filter for microbiologically unsafe
water.

Materials and Methods
Preparation of Silver Colloidal Solution

2:1 (v/v) ratio of 3 mM silver nitrate solution and bamboo leaves extract were mixed and
stirred for 1 h with a magnetic stirrer. The reduction reaction was completed after 2 days with the
appearance of a reddish brown colour which confirms the formation of a silver colloidal solution.

Figure 1 Silver colloidal solution

Preparation of Porous Ceramic Filters

The 60 % of red clay, 30 % of brown clay and 10 % rice husk were mixed with weight by
weight ratio. 30 mL of distilled water was added to the clay mixture and thoroughly mixed to obtain
until paste. And then, the resulting clay paste was put into plastic mold and pressed to obtain
ceramic filters. The filters were dried for 2 days in air and heated at 800°C for 2 h.

Coating of Porous Ceramic Filter with Silver Colloidal Solution

The filter was immersed in 25 mL of silver colloidal solution for 1 h. After that, the filter
was removed from the silver colloidal solution and dried at room temperature. Figure 2 (b) shows
the prepared silver coated porous ceramic filter.

e ——

(b)

Figure 2 Porous ceramic filters (a) uncoated filter and (b) coated filter
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Characterization of Ceramic Filters by Modern Techniques
EDXRF analysis

The energy dispersive X-ray fluorescence spectrums (EDXRF) of composite beads were
recorded on Perkin Elmer 700, EDXRF spectrometer.

SEM analysis

A scanning electron microscope (JSM-5610 Model SEM, JEOL-Ltd., Japan) was used to
record the micrograph images of uncoated filter and coated filter.

Antimicrobial activity using agar well diffusion method

The agar plates containing tested organisms were punched to make the wells (8 mm in
diameter) using sterile cork borer and filled with the stock solution (0.2 mL) and then these plates
were incubated at room temperature for 24 h. After incubation, the diameters of the growth
inhibition zones surrounding the wells were measured in mm. These zones indicated the presence
of antimicrobial activities which inhibit the growth of tested organisms selectively (Collins, 1965).

Results and Discussion
Visual Observation of Silver Colloidal Solution

The silver colloidal solution prepared by using 3mM of silver nitrate solution and bamboo
leaves extract was confirmed by changing in colour from pale yellow to reddish brown due to the
formation of silver colloidal solution. Figure 1 shows the silver colloidal solution.

Characterization of Uncoated Filter and Coated Filter
EDXRF analysis

The chemical compositions of minerals that present in the uncoated and coated filter were
determined by EDXRF and their compositions are shown in Table 1. Their respective spectra are
described in Figures 3 and 4. According to EDXRF analysis, silver is absent in uncoated filters and
present in coated filters.

Figure 3 EDXRF spectrum of uncoated filter
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Figure 4 EDXRF spectrum of coated filter

Table 1 Elemental Analysis of Uncoated and Coated Filter

Relative abundance (%0)

Elements

Uncoated filter Coated filter
Si 62.123 58.572
Fe 28.816 31.151
K 6.004 6.613
Ti 2.084 2.198
Mn 0.247 0.249
Zr 0.231 0.205
Ag ND 0.166
Cr 0.131 0.129
Ni 0.062 0.072
Zn 0.053 0.062

ND — not detected

SEM Analysis

SEM micrographs of silver coated and uncoated filters were described in Figures 5 (a) and
(b). It can be seen that uncoated and coated filters have different morphologies. The pores are
indicated by black areas in the micrograph of the uncoated filter. In the SEM micrograph of the
coated filter, there was a lack of the black areas due to the presence of silver. In Figure 5 (a) the
black areas showed the pores of the uncoated filter.
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Figure 5 SEM micrographs of (a) uncoated filter (b) coated filter

Antimicr