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ABSTRACT:  In this research, the  antimicrobial 

activities of turmeric oil, curcumin and ethanol extract 

from Curcuma longa Linn. (Turmeric) were studied. The 

fresh rhizomes of turmeric were collected from 

Hanmyintmo Village, Kyaukse Township, Mandalay 

Region, Myanmar on September in 2015. Firstly, the 

turmeric oil was extracted from fresh rhizomes of 

turmeric by steam distillation method. And then the 

phytochemicals screening of turmeric rhizomes were 

done. The curcumin was extracted from turmeric 

oleoresin of turmeric rhizomes by selective solubility 

method. The isolated curcumin was identified by FT-IR 

spectroscopy and thin layer chromatography methods.  

The purity of curcumin was checked by melting point 

and Rf value of curcumin were determined by solvent 

system. The antimicrobial activities of turmeric oil, 

curcumin and ethanol extract were examined in vitro by 

Agar well diffusion method. The antioxidant activities of 

turmeric oil was investigated in vitro by DPPH (1,-1 

diphenyl-2-picryl hydrazyl)radical scavenging assay.  
KEYWORDS: Turmeric oil, curcumin, antimicrobial 

activities,   chromatography 

1. INTRODUCTION  

 Medicinal plants have been used for mankind as 

source of medicines since a long time ago. More than 

35,000 plant species have been reported to be used in 

various human cultures around the world for medical 

purposes. Plant oils and extracts have been used for a 

wide variety of purposes for thousands of years. One of 

their purposes is as a source of medicine as they contain 

organic compounds with therapeutic values. Majority of 

people depend on traditional medicine as their primary 

healthcare. About 80% of people in this world depend on 

herbs for health. In most developing countries, the use of 

medicinal plants which is a basis for maintenance of 

good health has been discovered [9]. 

 Zingiberaceae family comprises of many genera of 

aromatic and medicinal plants such as Curcuma, Alpinia, 

Zingiber and Kaempferia and one of the plants that 

commonly found in Malaysia is Curcuma Longa 

Linnaeus or turmeric. Curcuma Longa is sometimes 

called Curcuma domestica as it is always used in the 

kitchen for preparing dishes. Curcuma Longa has been 

used for preparing traditional Indian curries for hundreds 

of years as a flavor, color, and preservative [9]. 

 Turmeric (Curcuma longa L.) is a plant native to 

Southeast Asia that belongs to the family Zingiberaceae. 

The therapeutic properties of turmeric include 

insecticidal, antimicrobial, antifungal and antioxidant 

actions. Turmeric has been observed to be toxic to fungi 

involved in the deterioration of agricultural products, 

interfering with the development of mycelia [3]. 

 Essential oils may be an alternative to synthetic 

pesticides for the control of food fungi and pests. The 

interest in their use has been increasing because they 

present lower risks for human health and the 

environment and do not leave residues in food, another 

growing concern of the population [2]. 

 The present study was aimed to determination of 

antimicrobial activities of tumeric oil, curcumin, and 

ethanol extract from turmeric. The turmeric oil was 

extracted with steam distillation method and curcumin 

was extracted from turmeric oleoresin of turmeric by 

selective solubility method.  

 
Fig 1. Turmeric field in Hanmyintmo village 

 

  
   Fig 2. Rhizomes of Turmeric 

2. MATERIALS AND METHODS 

2.1. Extraction of Essential Oil 

 Fresh rhizomes of curcuma longa Linn were 

collected from Hanmyintmo village, Kyaukse Township, 

Mandalay Region, Myanmar on September in 2015. The 

rhizomes were washed in running water, dried using a 

paper towel and grated. 

 5 dm3 of distilled water was poured into the still 

body until the water level was nearly reached below the 

base of the grill and perforated cone was put over it. 600 
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g of the cut sample was placed on the perforated cone of 

the still. It was heated by using a hot plate.  

 After heating for two hours, the steam which 

contains the essential oil is passed through a condenser 

to condense the steam, which forms a liquid and 

collected in the glass bottle. Turmeric oil and water were 

separated by using separating funnel. The filtrate 

(cohobation water) was stored for the use of next 

extraction. The turmeric oil was dried over anhydrous 

sodium sulphate and stored in a glass bottle.  

 Duration of distillation was six hours per day for two 

days. Distillation was considered as complete when the 

distillate collected showed no trace of essential oil. The 

above experiment was carried out for four times, each 

time 600 g of the dried rhizomes of Curcuma longa Linn. 

(Turmeric), 2.5 dm3 of distilled water, and 2 dm3 of 

cohobation water were used. Finally, the yield % of 

turmeric oil was calculated. 

 

2.2. Preliminary Phytochemical Screening of 

Curcuma longa Linn. 

 The plant may be considered as biosynthetic 

laboratory for multitude of compounds like alkaloids, 

glycosides, volatile oils, tannins, saponins and 

flavonoids etc. These compounds are termed as 

secondary metabolites and are responsible for 

therapeutic effects. The presence or absence of primary 

and secondary metabolites in Curcuna longa Linn. 

(Turmeric) were carried out [4]. 

2.3. Extraction of Turmeric Oleoresin by using  

Soxhlet Extraction Method 

 The powder of dried rhizomes of Curcuma longa 

Linn. (Turmeric) was extracted with 95% ethanol using 

a soxhlet extractor. 50 g of turmeric powder in a thimble 

was placed in extraction section of the soxhlet apparatus. 

350 mL of 95% ethanol was added into the round bottom 

flask attached to a soxhlet extractor. Extraction was 

started by maintaining the temperature at 50 to 60 °C and 

continued until the solvent which fill the extraction unit 

is almost colorless. After complete extraction, the 

soxhlet was removed and the ethanol extract (turmeric 

oleoresin) was concentrated until all ethanol was ensure 

evaporated.  

 

2.4. Isolation of Curcumin from Turmeric Oleoresin 

by Selective Solubility Method 

 Turmeric oleoresin was dissolved in mixture of 60 

ml of methanol/ hexane mixture and was stirred using 

magnetic stirrer at ambient temperature until a 

homogenous suspension was achieved and then filtered. 

Filtration of the homogeneous suspension was 

performed and the powder was recovered from the filter. 

Then, the powder was washed with 95 % ethanol and 

evaporated. After evaporation, the powder was dried at 

110°C for one hour, desiccated and finally weighed. The 

yellow-brown powder was obtained. The weight of 

powder was 0.37 g.  

Then, the powder was washed with mixture of methanol/ 

hexane, hexane and stirred until the orange yellow colour 

was obtained. Finally they are crystallized with 95 % 

ethanol, dried, desiccated, and weighed. Orange yellow 

crystalline powder (0.205 g) was formed. The melting 

point was checked for purity. Pure curcumin melts at 179 

to 180 °C. 

 

 

 

 

 

Fig 3. Isolated Curcumin from Turmeric Oleoresin 

2.5. Determination of Antimicroibal Activities of 

Turmeric Oil, Curcumin and Ethanol Extract 

by Agar Well Diffusion Method 

 Firstly, apparatus were sterilized in an autoclave at 

121°C for 30 minutes. Nutrient agar (4.2 g), agar (0.75g) 

and 150 mL of distilled water were mixed in a 200 mL 

conical flask and the contents were completely dissolved 

by heating on a hot plate. The medium was pH 7 and 

sterilized by autoclaving at 121°C for 15 minutes. After 

autoclaving, 20 mL of each of this medium was 

transferred into sterilized flask bottles, respectively. The 

flask bottles were plugged with cotton wool and cooled 

into an autoclave at 60°C. Then bacteria suspension of 

0.01 mL each was added into the medium and shaken 

thoroughly. And then, this medium was poured into the 

petridishes and swirled uniformly. The medium was 

cooled at room temperature and the bacteria suspension 

plates were solidified after hardening of the agar wells 

which were made with a cork borer from each seeded 

agar. The wells were filled with the sample suspension 

(0.1 mL) that was to be tested and the plates were 

incubated at 28°C for 24 hours. After an overnight 

incubation, the diameters of inhibition zone including 10 

mm wells were measured.  

 

2.6. Determination of Antioxidant Activities of 

Turmeric Oil  

  1,1-diphenyl -2-picryl hydrazyl (DPPH) radical 

scavenging assay was chosen to access the antioxidant 

activities[6]. 

2.7. Solution Prepared  

 60 M DPPH Solution: 2.364 mg of DPPH powder 

and l0 ml of 95% ethanol were thoroughly mixed by 

vortex mixer. This solution was freshly prepared in the 

brown colored flask. Then it must be stored in the fridge 

for no longer than 24 hours.  

 Control Solution :The control solution was prepared 

by mixing 1.5 ml of60 M DPPH solution and 1.5 m1 of 

95%ethanol with vortex mixer.  

 Test Sample Solution: 0.2 g of test sample and 

l0mL of 50%ethanol were thoroughly mixed by vortex 

mixer. The mixture solution was filtered and the stock 
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solution was obtained. The stock solution was diluted 

with 50% ethanol to obtain desired concentration.  

 Blank Solution: The blank solution was prepared by 

mixing 1.5mL test solution and 1.5 mL 50 % ethanol 

with vortex mixer. The stock solution was diluted with 

50% ethanol to obtain desired concentration.  

 Sample Solution: The sample solutions were 

prepared by thoroughly mixing desired concentrations of 

stock solution and 1.5 ml each of 60 M DPPH solution 

with vortex mixer.  

Procedure  

 Measurement of DPPH radical scavenging activity 

was determined by spectrophotometric method. The 

control solution, blank solutions and sample solutions 

were allowed to stand at room temperature for 30 

minutes. After 30 minutes, measurements of absorbance 

at 517 nm were made by using spectrophotometer. 

Absorbance measurements were done for each solution. 

Absorbance values so obtained were used to calculate % 

inhibition by following formula. Then IC50 value was 

calculated by Linear Regressive Excel Program.  

 % Inhibition = 
DPPHalone (Sample Blank)

DPPHalone

 
 

Where,  

% Inhibition  = percent inhibition of test sample 

DPPH alone  = absorbance of DPPH solution 

Sample  = absorbance of sample solution  

Blank  = absorbance of blank solution  

3. RESULTS AND DISCUSSION 

3.1. Determination of Turmeric Oil Content by Stem 

Distillation Method 

Turmeric oil of dried rhizomes of Curcuma longa Linn 

(Turmeric) was extracted by steam distillation method. 

The average percentage of turmeric oil content was 

found to be 0.184 %. The results were shown in table.  

Table 1. Yield of Turmeric Oil 

No. of 

Expt 

Wt. of 

sample (g) 

Wt. of oil 

(g) 
Yield 

1 

2 

3 

4 

600 

600 

600 

600 

1.115 

1.090 

1.110 

1.105 

0.186 

0.182 

0.185 

0.148 

  Mean value 0.184 

3.2. Preliminary Phytochemical Screening of 

Curcuma longa Linn. 

 Preliminary phytochemical screening of Curcuma 

long Linn. (Turmeric) was qualitative identification tests. 

The obtained results from the phytochemical screening 

showed that the Curcuma longa Linn. (Turmeric) 

contains phenols, polyphenols, flavonoids, alkaloids, 

tannins, saponins, terpenes and proteins but reducing 

sugars are absent. The results were shown in Table 2.  

Table 2. Preliminary Phytochemical Tests of Curcuma 

longa Linn. (Turmeric) 
No Constituents Extract Test reagent Obser-

vation 

In-

ference 

1 Phenols  Ethanol  10 % FeC13  purple  + 

2 Polyphenols  Ethanol  l%FeC13, 

1% K3 

[Fe(CN)6]  

blue 

green  

+ 

 
Flavonoids  Ethanol  Conc.HC1, 

Mg  

deep red  + 

4 Saponins  Distilled water  water  frothing  + 

5 Tannins  Distilled water  10 % lead 

acetate  

white 

precipitate  

+ 

6 Reducing 

Sugars  

Distilled water  Benedict’s 

solution  

no brick 

red 

precipitate  

- 

7 Proteins  Distilled water  Conc.HNO3  yellow 

color  

+ 

8 Alkaloids  1.5 %  

HC1  

Wagner’s 

reagent  

brown  

precipitate  

+ 

9 Terpenes  Ethanol  acetic 

anhydride, 

CHC13, 

conc: 

H2SO4  

red colour 

solution  

+ 

+ = Presence  

-  = Absence  

 Curcuma longa Linn. (Turmeric) is a well known 

kind of medicinal plant. According to the results, the 

Curcuma longa Linn. (Turmeric) contain the bioactive 

compounds such as phenols, polyphenols, flavonoids 

(antioxidant activity) and alkaloids and saponins 

(antimicrobial activity). So it may be the source of 

antioxidant and have antimicrobial activity.  

3.3.  Identification of Functional Groups in 

Curcumin by FT-IR Spectroscopy Method 

 The functional groups in curcumin were identified 

by FT-IR spectroscopy method. The FT-IR data of 

curcumin were shown in Figure (4). In the FT-IR 

spectrum of curcumin the absorption band at 3412.19 

cm-1 is due to the O-H stretching vibration of phenolic 

group. The absorption band at 3007.12 cm-1 is due to the 

C-H stretching vibration of aromatic ring. The 

asymmetrical and symmetrical C-H stretching vibrations 

of sp3 hydrocarbon observe at 2920.32 cm-1 and 2848.96 

cm-1. The CO stretching vibration of -diketons group 

appears at 1627.97 cm-1. The C=C stretching vibrations 

of aromatic ring represents at 1597.11 cm-1, 1508.38 cm-

1 and 1429.30 cm-1. The absorption bands at 1278.85 cm-

1, 1205.55 cm-1 and 1028.09 cm-1 are due to the 

asymmetrical and symmetrical C–O–C stretching 

vibrations of ether group. The C–C–O stretching 

vibration of phenolic group indicates at 1153.97 cm-1 and 

out of plane bending vibrations of C-H shows at 960.58 

and 812.06 cm-1.  
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Fig 4. FT-IR Spectrum of Curcumin 

3.4. Determination of Antimicrobial Activities of 

Turmeric Oil, Curcumin and Ethanol Extract by 

Agar Well Diffusion Method 

 Antimicrobial activities of tuermic oil, curcumin and 

ethanol extract were determined in vitro by Agar well 

diffusion method. In this research, all of extracts of 

turmeric were tested on 6 bacterial strains. The inhibition 

zone diameters were described in Table III. 

 Among the six microorganisms, curcumin inhibited 

against four microorganisms namely Staphylococcus 

aureus, Pseudomonas aeruginosa, Bacillus pumilus and 

Candida albican whereas ethanol extract hindered only 

Bacillus pumilus in the range of 15 mm-19 mm. 

Turmeric oil has little potency to prevent all of 

microorganisms. The larger the inhibition zone diameter, 

the greater the antimicrobial activity. According to the 

zone diameters, cucurmin showed moderate 

antimicrobial activity. 

Table 3. Inhibition Zone Diameters of Turmeric Oil, 

Curcumin and Ethanol Extract Against Six Strains of 

Microorganisms 

No Samples Inhibition Zone Diameter (mm) 

I II III IV V VI 

1. 
Turmeric 

oil 

13 

mm 

+ 

14 

mm 

+ 

14 

mm 

+ 

13 

mm 

+ 

14 

mm 

+ 

14 

mm 

+ 

2. 
Ethanol 

extract 

12 

mm 

+ 

14 

mm 

+ 

14 

mm 

+ 

15 

mm 

++ 

13 

mm 

+ 

14 

mm 

+ 

3. Curcumin 

13 

mm 

+ 

15 

mm 

++ 

15 

mm 

++ 

15 

mm 

++ 

15 

mm 

++ 

14 

mm 

+ 

Agar well diameter = 10 mm  

I Bacillus subtilis Low Activity     (+) 

II Staphylococcus aureus          Medium Activity (++) 

III Pseudomonas aeruginosa     High Activity    (+++) 

IV Bacillus pumilus 

V Candida albican 

VI Escherichia coli 

   
 

 

       
 

Fig 5. Antimicrobial Activity of Tumeric Oil 

 

      
 

        
 

   
 

Fig 6.  Antimicrobial Activity of Curcumin of Ethanol 

Extract 

 
Fig 7.  Plot of % Inhibition Vs concentration for 

Turmeric Oil 

 

 
RSA= radical scavenging activity 

Fig 8. Plot  of % RSA Vs Concentration for Turmeric 

Oil Bacillus subtilis 

 
Staphylococcus 

aureus 

 

Pseudomonas 

aeruginosa 

 

Bacillus subtilis 
 

Staphylococcus aureus 

 

Pseudomonas aeruginosa 

 
Bacillus pumilus 

 

Candida albicans 

 
Escherichia coli 
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3.5 Determinations of Antioxidant Activity of 

Turmeric Oil 

Table 4.  % Inhibition Effect of Turmeric Oil 

Turm-

eric 

oil 

Concen-

tration 

3.125 

L/mL 

6.25 

L/mL 

12.5 

L/mL 

25 

L/mL 

50 

L/mL 
IC50 

 

Absorbance 0.182 0.129 0.052 0.027 0.007 5.22 

% 

Inhibition 
40.36 54.74 79.58 87.91 97.71 

 

4. CONCLUSION 

 The dried rhizomes of Curcuma longa Linn. 

(Turmeric) were collected from Hanmyintmo Village, 

Kyaukse Township, Mandalay Region, Myanmar on 

September in 2015. Turmeric oil was extracted from 

fresh rhizomes of turmeric by steam distillation method. 

The yield percent of turmeric oil was found to be 0.184 

%. This result was a little deviation from the literature 

value. It may be due to the climatic condition, locality, 

maturity of rhizomes, species, and instrumentation. 

According to the phytochemical results turmeric contains 

polyphenols, phenols, flavonoids, alkaloids, saponins, 

terpenes, proteins, tannins, but reducing sugars are 

absent. In the extraction of curcumin from turmeric 

oleoresin by selective solubility method, the yield 

percent of curcumin based on raw turmeric was obtained 

at 0.4 %. This value was consistent with the literature 

value and the melting point of curcumin was also 

obtained in the range 176-180°C. The Rf value of 

curcumin was found to be 0.45 in pet ether: ethyl acetate 

(1:1) solvent system. It was in accordance with the 

literature value. The antimicrobial activities of turmeric 

oil, curcumin and ethanol extract were examined in vitro 

by Agar well diffusion method. In this method, the 

antimicrobial activities of all extracts of turmeric showed 

low and moderate   antimicrobial activities on testing 

with six microorganisms namely   Bacillus subtilis, 

Staphylococcus aureus, Pseudomonas aeruginosa, 

Bacillus pumilus, Candida albican and Escherichia coli. 

Among them, curcumin exhibits moderate antimicrobial 

activity on testing with Staphylococcus aureus, 

Pseudomonas aeruginosa, Bacillus pumilus and 

Candida albican whereas ethanol extract showed 

moderate antimicrobial activity against Bacillus pumilus. 

Tumeric oil respond low antimicrobial activity to all of 

microorganisms. 

 The antioxidant activities of turmeric oil was 

determined in vitro by DPPH test. It was found that the 

IC50 values of turmeric oil was 5.22 L/mL. According 

to the results, the turmeric oil exhibits the high 

antioxidant activity. 

 Since Curcuma longa Linn. (Turmeric) contains the 

bioactive compounds such as turmeric oil and curcumin, 

it can help to prevent diseases due to free radicals cause 

(cancer, age-related, cardiovascular diseases etc.) and 

kill or hinder the growth of bacteria, viruses, fungi, and 

protozoa.  

ACKNOWLEDGMENT 

The author would like to express grateful thank to Dr Ni 

Ni Aung, Professor and Head, Department of Chemistry, 

Myitkyina University for her encouragement and 

patience in making our paper to complete successfully. 

The author greatly expresses her thanks to all friends 

whom will concern to support in preparing this paper.  

REFERENCES 

[1] Charopra, R.N., Nayar, S.L. And Chropra, I.C., 

"Glossary of Indian Medicinal Plants", New Delhi, 

325, 1956. 

[2] Fandohan, P., Gbenou, J. D., Gnonlonfin, B., Hell, 

K., Marasas, W. F. O., & Wingfield, M. J, Effect of 

essential oils on the growth of Fusarium 

verticillioides and fumonisin contamination in 

corn. Journal of Agricultural and Food Chemistry, 

52, 6824e6829, 2004. 

[3] Ferreira, F. D., Mossini, S. A. G., Ferreira, F. M. D., 

Arrot_eia, C. C., Costa, C. L., Nakamura, C. V., et 

al. The  effects of Curcuma longa L. essential oil and 

curcumin on Aspergillus flavus Link growth and 

morphology. The Scientific World Journal, 2013, 6. 

Article ID 343804, 2013. 

[4] Harbourne, J.B, and Baxter H, "Phytochemical 

Dictionary", A Hand Book of Biotactive 

Compounds from Plants", Taylor and Franis Ltd, 

Washington DC., 1993. 

[5] Hooker, J.D, "The Flora of Brith India",  Dehradum 

India, 6: 209. 

[6] Manzocco. L, Anese M, Nicoli. M.C., "Antioxidant 

properties of tea extract as affected by processing." 

Lebens.mittel-Wissenschaft Und-Technologie 31 (7-

8), 694-698, 1998. 

[7] Shinde, A., Ganu, J., and Naik, P., "Effect of Free 

Radicals & Antioxidants on Oxidative Strees." J 

Dent Allied Sci, 1 (2) : 63-66, 2012. 

[8] The Wealth of India, "A Dictionary of India Raw 

Materials and Industrial Products", Council of 

Scientific and Industrial Research, New Delhi, 2: 

401, 1950. 

[9] Tsai, S.Y., S.J. Huang, C.C. Chyau, C.H. Tsai, C.C. 

Weng and J.L. Mau. 2011. Composition and 

antioxidant properties of essential oils from 

Curcuma rhizome. Asian J. Art Sci. 2: 57-66. 

[10] Watt, G, "Dictionary of Economic Products and 

Indica", Council of Scientific and Industrial 

Research, New Delhi, 2: 655. 

    

 
 

 

 



Technological University Lashio Journal of Research & Innovation  Vol. 1, Issue: 3 

TULSOJRI September, 2020 75 
  

GREEN SYNTHESIS AND CHARACTERIZATION OF COPPER NANOPARTICLES 

USING ANNONA RETICULATA L. LEAF EXTRACT AND ITS ANTIMICROBIAL 

ACTIVITY 

 
Khin San Win(1), Htun Htun Naing(2) , Pa Pa San(3) 

(1)  (3) Yadanabon University, Myanmar 

(2)Mandalay University, Myanmar 

Email: dksw29168@gmail.com     

ABSTRACT:  Green synthesis of nanoparticles by  plant 

extract has become an popular field in nanotechnology 

due to its eco-friendly nature and cost effectiveness. In 

this study, the copper nanoparticles (CuNPs) have been 

synthesized based on green synthesis method using 

Annona reticulata leaf extract. The biosynthesized 

copper nanoparticles were characterized by UV-Visible 

spectroscopy, Fourier Transform Infrared (FTIR) 

Spectroscopy, X ray Diffraction (XRD) analysis and 

Scanning Electron Microscopy (SEM). Copper 

nanoparticle formation was recognized by color changes 

to dark brown and was furtherly proven by UV-Vis 

spectroscopy based on the absorption band at 211 nm. X-

ray Diffraction pattern referred to cubical structure with 

the crystalline size in the range of 29.5 to 56.4 nm. The 

antimicrobial activity of synthesized copper 

nanoparticles was studied by Agar-well diffusion method 

using seven selected microorganisms. 

 

KEYWORDS: Green synthesis, copper nanoparticles, 

Annona reticulata, antimicrobial activity   

1. INTRODUCTION  

Nanotechnology plays a very important role in 

modern research.  It can be used almost all field such as 

pharmaceutical, electrical, electronics, health care, food, 

biomedical science and mechanics. So, it is the most 

capable technology [12]. There are many ways such as 

sol gel method, chemical reaction, solid state reaction 

and co-precipitation to synthesize nanoparticles. Among 

them, the green synthesis method is the most preferred 

method as it is simple, less toxic and cost effective.  

Moreover, it compatible for medical and food application 

[3,13]. In this method, the plant extract has been used as 

capping and reducing agent for the synthesis of copper 

nanoparticles due to their reducing properties present in 

the leaf extract. [2,11] 

The metal nanoparticles are focused mainly for the 

research work due to their potential applications in 

different fields such as magnetic recording media, 

catalysis, nano sensors, nanoelectronics and information 

storage devices [4]. Some properties such as 

morphology, size and distribution of the particles are 

clearly obtained from the nanoparticles [6]. Copper 

nanoparticles act as antimicrobial agent in various fields. 

The copper is highly toxic to microorganisms such as 

bacteria and non-toxic to animal cells, due to these 

phenomena it is considered to be an effective bactericidal 

metal. It can be used to be safe for human beings such as 

food package application and in water treatment 

applications [5]. 

 Annona reticulata L. (custard apple) is a versatile 

tree and its fruits are edible. Parts of plant of Annona 

reticulata L. are used as source of medicine. This plant 

extract was used as reducing agent for the synthesis of 

copper nanoparticles. The plant extract mainly consists 

of tannins, alkaloids, phenols, glycosides, triterpenoids 

and steroids. Annona reticulata L. was reported to hold 

antioxidant, antimicrobial and anti-inflammatory activity 

[7]. 

The current investigation focused on the aqueous 

extract of Annona reticulata L. used to synthesize the 

CuNPs and the antimicrobial activity of synthesized 

copper nanoparticles was evaluated in this study. 

 

1.1. Botanical Description            

   The botanical description of sample is as follow; 

Family name : Annonaceae                       

Botanical name  : Annona reticulata L.                    

Myanmar name  : Awza                      

English name : Custard Apple                    

Part used : Leaves 

 

Fig 1. Custard apple leaves 

2. MATERIALS AND METHODS          

2.1. Sample Collection 

 Custard apple leaf was collected from Yadanabon 

University campus. It was washed with water twice and 

kept under room temperature for 2 weeks. Then it was 

made into powder using blender. 
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2.2. Phytochemical Investigation of the Leaves of 

Annona reticulata L. 

 Phytochemical investigation of Annona reticulata L. 

was performed using standard color tests. [10] 

2.3. Preparation of Leaf Extract 

  The powdered custard apple leaves(5g) were taken 

into a beaker containing 100 mL of distilled water. It was 

boiled for 15 min in heating mental at 80℃. The extract 

was filtered by filter paper. The filtrate was used as 

reducing and stabilizing agent. 

2.4. Preparation of 20mM solution of Copper(II) 

sulphate Solution 

Copper (II) sulphate 0.5 g was weighed using digital 

electronic balance, and it was dissolved in water and 

volume was made up to 100 mL and stored in bottle. [1] 

2.5. Synthesis of CuNPs using Custard Apple Leaf 

Extracts 

 For the Cu nanoparticles synthesis, 50mL of 20mM 

CuSO4 solution was taken and was stirred using 

magnetic stirrer at 80 °C for 5 hours. To the solution of 

Copper(II) sulphate 100 mL of leaf extract was added 

slowly using separatory funnel. The reduction of Cu2+ 

was indicated by color changes from light to dark brown 

color. Here extract of custard apple leaf acts as a reducing 

agent. The CuNPs thus obtained was purified by repeated 

centrifugation method at 3000 rpm for 60 minutes. Then 

the synthesized CuNPs were dried in oven at 60℃ for 4 

hours [8]. 

 
Fig 2. Procedure for synthesis of copper nanoparticles 

2.6. UV-Visible Spectroscopy 

 The copper nanoparticles were characterized 

through UV-Visible spectrophotometer (UV-1800, 

Double beam, Japan). The reduction of copper 

nanoparticles was monitored by UV spectrophotometer 

range of absorbance from 200-400 nm and measured at 

Department of Chemistry in Yadanabon University. 

 

2.7. Fourier Transform Infrared (FTIR) 

Spectroscopy 

 FTIR spectroscopy was used to identify the 

functional group present in copper nanoparticles. FTIR 

spectrum was recorded by FTIR spectrophotometer 

(Perkin Elmer, UK, L1600400) in the wavenumber range 

400-4000 cm-1 and measured at Department of chemistry 

in Monywa University. 

2.8. X-Ray Diffraction (XRD) Analysis 

The crystalline structure of the copper nanoparticles 

was determined by XRD analysis using Rigaku X-Ray 

diffractometer (Japan). Debye-Scherrer’s equation was 

used to determine the particle size of the copper 

nanoparticles from the 2 values of the X-ray diffraction 

peaks.   

Debye-Scherrer’s Equation                    

D=K /cos 

Where K=constant, = wavelength of X rays, full 

width at half maximum of XRD peak (radians),                     

= Bragg’s angle of the XRD peak. The synthesized 

CuNPs were measured at University Research Centre, 

Yangon. 

2.9 .Scanning Electron Microscopy (SEM) 

SEM was used to study the morphological structure 

of synthesized CuNPs. The morphological structure of 

synthesized CuNPs was examined at University 

Research Centre, Yangon. 

2.10. Determination of Antimicrobial Activity 

 The antimicrobial activity of synthesized CuNPs 

was studied using Agar-well diffusion method at 

Biotechnology Department, Mandalay Technology 

University. The seven microorganisms (Agrobacterium 

tumefaciens, Bacillus pumilus, Bacillus subtilis, Candida 

albicans, Escherichia coli, Pseudomonas fluorescens, 

staphylococcus aureus) were used to screen the 

antimicrobial activity. 

 

3. RESULTS AND DISCUSSION 

3.1. Phytochemical Screening of the Annona 

reticulata L. Leaf Extract 

Standard phytochemical tests were conducted to find 

the presence of phytoconstituents in Annona reticulata 

L.leaf extract. The results of the phytochemical 

screening are presented in Table 1. It is well evident from 

the table that the leaf extract was rich in phytochemicals 

like alkaloids, glycosides, saponins, phenols, terpene and 

tannin commonly known to reduce copper II sulphate to 

copper nanoparticles. 

Table 1. Results of phytochemical tests of  

Annona reticulata l. 

No Constituents Reagent used Observation Result 

1. Alkaloids Wagner’s 
reagent 
 

Orange ppt 
 
 

+ 
 
 

2. Glycosides H2O, 10% lead 
acetate 

White ppt + 

3. Reducing 
sugar 

H2O, Benedict 
solution 

Red ppt + 

4. Sterol EtOH, Acetic 
anhydride, 
CHCl3, conc; 
H2SO4 

Greenish 
color ppt 

+ 

5. Saponins EtOH, conc: 
H2SO4 shake 

Formation of 
Frothing 

+ 

6. Flavonoids EtOH, conc: 
HCl, Mg 
turning 

Pink color ppt - 

7. Phenolic H2O, 10% FeCl3 Greenish blue + 

8. Terpene CHCl3, conc: 
H2SO4 

Pink color + 
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9. Tannin 10% FeCl3 + dil 
(H2SO4) 

Yellowish 
brown ppt 

+ 

10. Polyphenols 
 

EtOH, 1% 
FeCl3, 1% 
K3[Fe(CN)6] 

Blue green + 

(+) = presence   

 (-) = absence 

 

                      
 

 

                        
 

 

Fig 3. Results of phytochemical test of Annona 

reticulata L. 

 

3.2. UV-Visible Spectroscopy Analysis 

The reduction of copper nanoparticles was monitored 

by UV-Visible spectrophotometer range of absorbance 

from 200-400 nm. The UV-Visible spectrum shows that 

the band was formed at 211 nm in Fig.4. This confirms 

the formation of copper nanoparticles. 

 
Fig 4. UV-Visible spectrum of copper nanoparticles 

 

3.3. FTIR Analysis of CuNPs 

The FTIR measurement was carried out to identify 

the possible biomolecules responsible for the reduction 

of the copper (II) ions into copper nanoparticles. 

The broad band at 3264 cm-1 indicates stretching 

vibration of O-H group and the peak observed at 2916 

cm-1 is assigned the asymmetric stretching of C-H. The 

peak at 1593cm-1 represents stretching vibration of C=O 

group. The band observed at 1070cm-1 is due to C-O-C 

stretching of ether group. The peak at 418 cm-1 indicates 

the Cu-O bond in Fig.4. This 418 cm-1 peak indicates the 

formation of Copper nanoparticles. [8,9] 

 

 

 

 

 

 

 

 

 

 

Fig 5. FTIR spectrum of copper nanoparticles 

 

Table 2. FTIR Assignment of Copper Nanoparticles 

from Annona reticulate L. Leaf extract 

No. 
Wave number  

(cm–1) 

Assignment of functional 

group 

1 3264 O-H stretching vibration of 

hydroxyl group 

2 2916 asymmetric strethching of C-H 

3 1593 C=O stretching vibration 

4 1070 C–O–C stretching vibration of 

ether group 

5 418 Cu–O stretching vibration 

 

3.4. XRD Analysis of CuNPs 

XRD is a very important method to characterize the 

structure of crystalline materials. The diffraction peaks 

observed at 2values of 42.840 and 49.983 correspond 

to (111) and (200) planes of CuNPs (Fig.6). It referred to 

cubic structural metallic copper based on standard 

(ICDD No.85-1326). The crystalline size of synthesized 

CuNPs was found to be in the range of 29.5 to 56.4 nm. 

 

 

 

 

 

 

 

 

 

    

 

Fig 6. XRD Diffractogram of synthesized copper 

nanoparticles 

 

Test for alkaloid 

 

Test for Glycoside                                 
and Flavonoid 

 

Test for Tannin 
and Reducing Sugar 

 

Test for Terpen and 
Steroid 

 

Test for Saponin and 
Polyphenol 

 

Test for Test for 

Phenolic          
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Table 3. XRD Results of Crystallite Size of Copper 

Nanoparticles by using 20 mm of cuso4 Solution and 

Leaves Extract of Annona reticulate L. 

Bragg's 

angle 

2 

Miller 

Indices 

(hkL) 

FWHM  radius d-

spacing 

nm 

Crystall

ite size 

D (nm) 

42.840 111 0.286 4.99×10–3 2.1092 29.5 

49.983 200 0.154 2.68×10–3 1.8232 56.4 

 

3.5. Scanning Electron Microscopy (SEM) of CuNPs                                       

The surface morphology of the nanoparticles was 

obtained by SEM analysis. The Fig.7 shows the 

synthesized CuNPs by the plant extract of custard apple 

leaf. It was observed that   copper nanoparticles were rod 

in shape.   

 
Fig 7. SEM image of synthesized copper nanoparticles 

 

3.6. Antimicrobial Activity of CuNPs 

The antimicrobial activity of CuNPs was evaluated 

against seven selected microorganisms using Agar-well 

diffusion method. The measurable inhibition zone 

diameter shows the degree of antimicrobial activity. The 

larger the zone diameter, the more activity on the 

microorganisms. The observed antimicrobial activity of 

the synthesized CuNPs from custard apple leaves extract 

expressed as zone of inhibition was shown in Fig.8 and 

Table IV. 

 

 
 

 
 

 
 

 
 

[1=CuNPs (30 mg/ml), 2=Ethanol (control), well=8 mm] 

Fig 8. Antimicrobial activities of synthesized copper 

nanoparticles 

Table 4. Antimicrobial activities of synthesized copper 

nanoparticles 

No Microorganisms Inhibition Zone 

diameter (mm) 

1 Agrobacterium 

tumefaciens 

16.56 (++) 

2 Bacillus pumilus 11.25 (+) 

3 Bacillus subtilis 11.32 (+) 

4 Candida albicans 24.61 (+++) 

5 Escherichia coli - 

6 Pseudomonas 

fluoresecens 

18.37 (+++) 

7 Staphylococcus aureus 15.91 (++) 

Ager well 8 mm 

8mm – 12mm(+)   

13mm – 17mm(++)                         

18mm above (+++) 

As the result of activity test, the CuNPs respond high 

activity on Candida albicans and Pseudomonas 

fluorescens and medium activity on Agrobacterium 

tumefaciens and Staphylococcus   aureus and low activity 

on Bacillus pumilus and Bacillus subtilis. 

 

4. CONCLUSION 

 A synthesis route of nanoparticles in a simple way 

using natural materials was successfully conducted. The 

UV-Visible analysis confirmed the formation of copper 

nanoparticles with an absorption peak at 211 nm. FTIR 

spectrum showed the formation of peak at 418 cm-1. The 

XRD analysis revealed the formation of crystallite cubic 

structure of copper nanoparticles. According to XRD 

peak search report of CuNPs, the crystalline size of 

CuNPs was found to be in the range of 29.5 to 56.4 nm. 

Hence the synthesized particles were observed within the 

nano site range. The SEM result revealed that the 

synthesized CuNPs was found as rod in shape. 

According to antimicrobial study, the synthesized 

CuNPs possessed significant antimicrobial activity and it 

(a) Agrobacterium tumefaciens  (b) Bacillus pumilus  

 

(c) Bacillus subtilis 

 

(d) Candida albicans 

 

(e) Escherichia coli  

 

(f) Pseudomonas fluorescens  

 

(g) Staphylococcus aureus  
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can be used in drugs against fungus and bacteria. The 

present study signifies a simple rapid, ecofriendly, cost 

effective biogenic process for medical and 

pharmaceutical application as well as large scale 

commercial production. 

 

ACKNOWLEDGMENT 

 We would like to express our deep gratitude and 

sincere thanks to Rector Dr Aung Aung Min, Prorectors 

Dr Si Si Khin and Dr Tint Moe Thu Zar, Yadanabon 

University for their encouragement and permission for 

this research work. 

 We also wish to express our profound gratitude to 

Dr Hlaing Hlaing Myat, Professor and Head, Department 

of Chemistry, Yadanabon University, for giving 

permission to perform this research, and supporting 

research facilities. 

 

REFERENCES 

[1]   Anand K. S. and Dwivedi K. N., “Formulation and 

Characterization of Copper Nanoparticles Using Nerium 

odorum Leaf Extract and Its Antimicrobial Activity ”, 

Int. J. Drug Dev and Res., Vol. 10(3), 2018, pp. 29-34.  

[2]   Akl M Awwad1, Nida M, “Green Synthesis of Silver 

Nanoparticles by Mulberry Leaves Extract” Nanoscience 

and Nanotechnology, 2012, 2(4):125-128. 

[3]   Chandrakant K, Tagad, Sreekantha Reddy Dudasanic, 

Rohini Aiyer, Sungha Parkc, Atul Kulkarni, Sushma 

Sabharwal, “ Green synthesis of silver nanoparticles and 

their application for the development of optical fiber 

based hydrogen peroxide sensor. ” Sensors and Actuators 

B, 2013, 183: 144-149.  

[4]   Jeyaraman Ramyadevi, Kadarkaraithangam 

Jeyasubramanian, Arumugam Marikani, Govindasamy 

Rajakumar, Abdul Rahuman, “ Synthesis and 

antimicrobial activity of copper nanoparticles ”: 

Materials Letters, 2012, 71, 114-116. 

[5]    Kalimuthu K, Babu RS, Venkataraman D, Bilal M, 

Gurunathan S. “Biosynthesis of silver nanocrystals by 

Bacillus licheniformis”. Colloids Surf B., 2008, 65(1): 

150-153. 

[6]   Nethra Devi C, Sivakumar P, Renganathan, S. “ Green 

synthesis of silver nanoparticles using Datura metel 

flower extract and evaluation of their antimicrobial 

activity”. Inter.J. Nanomat. Biostruct, 2012, 2(2): 16-21. 

[7]   Prasad G. Jamkhande, Amuta S. Wattamwar, “Annona 

reticulata L. Plant profile, phytochemistry and 

pharmacological properties” J of Tranditional and 

Corplementary medicine, 2015, Vol 5, Issue 3, July. 

[8]     Sankar, R., Manikandan,P.,Malarvizhi,V., “Green 

Synthesis of Colloidal Copper Oxide Nanoparticles 

Using Carica papaya and Its Application in 

Photocatalytic dye degradation”, Spectrochimica Acta 

A: Molecular and Biomolecular Spectroscopy,  2014, 

Vol. 121, pp. 746-750. 

[9]   Silverstein, R.M., Webster, F.X. and Kiemle, D.J. 

“Spectrometric Identification of Organic Compound”, 

New York. 7th Edition, John Wiley & Sons, Inc., 2005. 

[10]  Tin Wa. “Phytochemical Screening, Methods and                  

Procedures ”, Phytochemical Bulletin of Botanical 

Society of America, 1970, vol.5 (3), pp.4-10. 

[11]   Umesh B. Japtap, Vishwas A. Bapat, “Green synthesis of 

silver nanoparticles using Artocarpus heterophyllus 

Lam. seed extract and its antibacterial activity”,Industrial 

Crops and Products. 2013, 46: 132-137,. 

[12]   Vasudev D. Kulkarni, Pramod S. Kulkarni, “ Green 

Synthesis of Copper Nanoparticles Using Ocimum 

Sanctum Leaf Extract ” International Journal of 

Chemical Studies ISSN: 2321-4902 Volume 1 Issue 3, 

2012. 

[13]   Yamini SudhaLakshmi G, Fouzia Banu, Ezhilarasan, 

Arumugan, Sahadevan, “ Green Synthesis of Silver 

Nanoparticles from Cleome Viscosa: Synthesis and 

Antimicrobial Activity” 5, 2011. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Technological University Lashio Journal of Research & Innovation  Vol. 1, Issue: 3 

TULSOJRI September, 2020 80 
  

 

Extraction and Characterization of Cellulose from 

Waste Banana Peels  

 
Thida Tin(1), Lwin Mu Aung(2) 

(1) Mandalay Technological University, Myanmar 
(2) University of Mandalay, Myanmar 

 

Email: thidatin.mumdy@gmail.com 

ABSTRACT:  In this research, the cellulose was 

prepared from banana peel powder. The banana peel was 

collected from local market, Mandalay. The physical 

properties of banana peel powder such as pH, moisture 

content, ash content and fiber content were determined. 

The elemental content of banana peel powder was 

determined by Energy Dispersive X-ray Fluorescence 

(EDXRF) analyses. The preliminary phytochemical 

screening of banana peel powder was carried out by 

phytochemical test. The cellulosic pulp was prepared by 

using sodium hydroxide.  The yield percent of the 

cellulosic pulp banana peels powder 13.87% was 

obtained. The prepared cellulose was systematically 

characterized by Fourier Transform Infrared (FTIR), 

SEM, and X- ray diffractometer  XRD techniques. 

A. KEYWORDS: Banana Peels, Cellulose, SEM, XRD, 

FTIR  

1. INTRODUCTION  

 New environmental regulations have prompted the 

search for new environmentally compatible materials 

obtained from natural resources, including cellulose. 

Cellulose are abundant in plants, wood and their 

composites comprise an attractive contemporary 

research line - Pelissari et al. (2014).  

        Cellulose probably is the most abundant organic 

compound in the world which mostly produced by 

plants. It is the most structural component in herbal cells 

and tissues. Cellulose is a natural long chain polymer that 

plays an important role in human food cycle indirectly - 

Fink etal., (1995). This polymer has versatile uses in 

many industries such as veterinary foods, wood and 

paper, fibers and clothes, cosmetic and pharmaceutical 

industries as excipient. 

    At present, cellulose and cellulose based polymers 

have gained a great popularity in pharmaceutical 

industries and become more and more important in this 

field owing to production of the new derivatives and 

finding new applications for existed compounds by 

pharmaceutical researchers - Heinze & Liebert, (2001). 

Cellulose is a natural polymer classified as 

polysaccharide, which is most frequently found in the 

plant kingdom, comprising at least one third of the 

vegetable material in the world and, it is present in 

materials such as wood, seeds and agricultural waste. 

Cellulose is a linear polymer consisting of 300 to 15.000 

D-glucose linked by bonds β-(1,4) glycosidic. The 

empirical formula of cellulose is (C6H10O5)n. The 

cellulose have uniform surface and form a layer of fiber-

like pore structure. Porous solid has the ability as an 

adsorbent that can be used as adsorb pollutant in the 

environment - Ang & Miller (1989). In addition, the 

functional groups -OH in banana peel can be exploited 

into to adsorb pollutants.  

 The banana is an edible fruit botanically a berry 

produced by several kinds of large herbaceous flowering 

plants in the genus Musa. Myanmar produces large 

quantities of banana, so there are a lot of banana peels, 

which lead to environmental problems such as bad odor 

and source of disease - Joy (1998). One way of reducing 

the problem is to find a way to turn the banana peels into 

a valuable product, namely cellulose, that can be more 

extensively used in the food industry. 

 Banana is tropical fruits that the most widely 

produced and is the most widely consumed by the 

people. Currently, the peel, stems and leaves of the 

banana (80%) simply discarded without further 

processing whereas waste of banana peel containing 

polymers such as lignin, cellulose, hemicellulose and 

pectin - Klemm et al. (1998). Banana peel also contains 

cellulose amounted to 18.71 %.  

         This work aimed to find an alternative to add value 

to banana by using their peels as raw materials to isolate 

cellulose. In general, the cellulose isolated from banana 

peel  and determine its characterization by using some 

sophisticated methods such as FT IR, SEM and XRD. 

A. Botanical Description  

Family name -  Musaceae 

Scientific name  -  Musa saba 

English name  -  Saba Banana  

Myanmar name -  Phee-gyan-hnget-pyaw 

Parts used -  Peels 

 

2. EXPERIMENT 

2.1. Sample collection 

Banana peels were collected from local market, Chan 

Aye Tharzan Township, Mandalay. The peel was washed 

with water to remove dust and other impurities. After 

washing, the peel was dried in air and the dried peel was 

cut into small pieces. And then the pieces were ground 

and then sieved with a 100 mesh sieve. 

 

mailto:abc@xx.yy.zz
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Fig 1. Banana peel sample 

2.2. Isolation of cellulose from banana peels powder 

 In this research work, cellulose were isolated from 

banana peel using a combination of chemical treatments 

such as alkaline treatment, bleaching and acid 

hydrolysis. The isolation of cellulose from banana peels 

due to removal of fat, protein and pigments from banana 

peel cellulose. Firstly, about 10 g of banana peels 

powder and 100 mL of 20%  sodium hydroxide solution 

were placed in flat bottom flask and refluxed for five  

hours at room temperature, which should solubilize  the 

pectin, hemicelluloses and ligins. The flask was cooled 

under normal condition and filtered. The insoluble 

residue   was mixed with 50 mL of 5% potassium 

hydroxide and the mixture was shaken for one hour at 

250 rpm for second alkaline treatment. The insoluble 

residue was mixed with 100 mL of 5% sodium 

hypochloride. It was bleached for 24 hours and filtered 

again. The bleaching treatment broke down the phenolic 

compound. Finally, the insoluble residue was washed 

with distilled water until neutral  pH. Then the insoluble 

residue was subjected to acid hydrolysis with 50 mL of 

1% H2SO4 solution at room temperature for one hour, to 

remove mineral traces and to hydrolyze amorphous 

cellulose. After each step of the chemical treatment, the 

insoluble residue was neutralized with alkaline or acid 

solution depending on the pH. The final residue was 

diluted with distilled water until to neutral pH. Then the 

insoluble residue were dried in sunlight and the yield 

percent was calculated. 

        

weightof cellulose
Yieldpercent 100

weightof sample
   

2.3. Characterization of banana peels powder  

  Physical properties of banana peels powder were 

measured such as pH, moisture, ash and fiber content. 

The chemical compositions of banana peels powder were 

determined by EDXRF. Preliminary detection of 

phytochemical compounds present in banana peels 

powder was carried out. In addition, the crystal structure 

and phase purity of cellulose from sample powder were 

examined by XRD. Surface morphology of prepared 

cellulose banana peels powder was assigned by SEM 

images. The Fourier Transform-Infrared (FT IR) 

technique is used to identify the organic and inorganic 

functional group present in the cellulose from banana 

peels powder. 

3. ANALYSIS 

B. 3.1. Physical properties of banana peel powder 

       Physical properties such as pH, moisture content, 

ash content and fiber content were determined. The 

results were shown in table.  

Table 1. Physical properties of banana peel powder 

No. Parameters Results 

1. pH 5.73 

2. Moisture content 1.66% 

3. Ash content 10.50% 

4. Fiber Content 25.32% 

 According to this results, the pH was found to be 

5.73, moisture and ash content were 1.66%, 10.50% and 

fiber content was 25.32%. 

3.2. EDXRF analysis of banana peel powder 

  The elemental content of banana peel powder was 

determined by EDXRF. The results were described in 

Table (2). According to these results, potassium was the 

highest amount in banana peels sample.  

Table 2. Elemental contents in banana peel powder 

No. Symbol Element 
Relative Abundance 

(%) 

1. K Potassium 3.760 

2. Cl Chlorine 0.852 

3. Ca Calcium 0.377 

4. Si Silicon 0.300 

5. P Phosphous 0.194 

6. Al Aluminum 0.069 

7. S Sulfur 0.033 

8. Fe Iron 0.030 

9. Ti Titanium 0.009 

10. Mn Manganese 0.006 

3.3. Preliminary phytochemical screening of banana   

peels powder 

  Phytochemical constituents of banana peels powder 

were done and the results were described in table. 

Table 3. The results of phytochemical tests for banana 

peel powder 

No Tests Reagents Observation 
Res-

ults 

1 Alkaloids 1%HCl, 

Wagner’s 

reagent 

Reddish 

brown ppt 

 

+ 

 

 

2 Flavonoids Mg, Conc:HCl, 

Conc: H2SO4 

No Pink 

colour 

solution 

- 

3 Steroids Acetic 

anhydride, 

Conc:H2SO4 

No Green 

colour 

solution 

- 

4 Terpenes Petether, Acetic 

anhydride 

CHCl3, Conc: 

H2SO4 

No greenish 

colour  

solution 

- 
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5 Polyphenols 1% FeCl3 and 

1%K3[Fe(CN)6]  

Greenish blue 

colour 

solution 

+ 

6 Glycosides 10%Lead 

acetate  

White ppt + 

7 Phenolics 10% Ferric 

chloride solution 

Blue black 

colour 

solution 

+ 

8 Reducing 

sugar 

Benedict’s 

solution 

Red ppt + 

9 Tannins 10% FeCl3, dil 

H2SO4 

No 

yellowish 

brown ppt 

- 

10 Saponins Distilled water Froth + 

11 Lipophenols 0.5 N KOH,  

NaOH 

No deep 

colour 

solution 

- 

(+) = Present     ( – ) = Absent 

 According to these results, banana peels contained 

saponins, glycosides, phenolic compounds, polyphenols, 

alkaloids and reducing sugar respectively. 

3.4. Isolation of cellulose from banana peel powder 

   Cellulose was isolated from banana peel powder. 

The yield percent was described in this table. 

Table 4. The yield percent of cellulose from banana 

peel powder 

No 
weight of 

sample (g) 

Amount of 

residue(g) 

Yield % of 

cellulose 

1 10.0 1.33 13.27 

2 10.0 1.39 13.87 

3 10.0 1.32 13.20 

 13.45 ± 0.67 

  According to this table, the yield percent of cellulose 

was found to be 14.12 % to 12.78%. 

3.5. FT-IR spectrophotometric analysis  

 The FT-IR spectrum of prepared cellulose was 

recorded by using Perkin Elmer Spectrophotometer at 

the Department of Chemistry, University of Mandalay.  

 

 

 

 

 

 

 

 

Fig 2.   FT- IR spectrum of cellulose from banana peels 

 From the FT-IR spectral data, the broad band which 

appears at 3387.11 cm-1 should be O-H stretching 

vibration of alcohol. The peak at 2918.40 cm-1 and 

2850.88 cm-1 indicates the asymmetric and symmetric  

C-H stretching vibration of sp3 hydrocarbon. The intense 

peak at 1464.02 cm-1 implies the C-H inplane bending 

vibration. The band at 1369.50 cm-1 and 1335.75 cm-1 

show O-H bending vibration. The peak at 1154.43 cm-1 

indicates C-O stretching vibration of secondary alcohol 

and 1062.81 cm-1 shows C-O stretching vibration of 

primary alcohol. The band at 1026.16 cm-1 implies C-O-

C stretching vibration of ether group. Fourier Transform 

Infrared spectroscopy confirmed that alkaline treatment 

and bleaching removed most of the hemicellulose and 

lignin components present in the banana fibers. 

3.6. SEM analysis of cellulose from banana peel 

 The surface morphology of prepared cellulose was 

shown in Figure. 

 

 

 

 

 

Fig 3.  SEM image of prepared cellulose from banana 

peels 

 From the SEM image, the cellulose was seen 

uniform surface and found a layer of fiber-like pore 

structure. 

3.7. XRD Analysis of cellulose from banana peel 

 Figure (4.3) shows XRD patterns of cellulose from 

banana peel. The crystal structure, particle size and 

phases of the prepared cellulose were ascertained from 

the XRD study. 

 

 

 

 

 

 

 

 

 

Fig 4. XRD spectrum of cellulose from banana peels 

 According to Figure, the range of 2θ value 16°-24° 

showed that the prepared cellulose resembled the 

amorphous character. 

4. CONCLUSIONS 

  The present work revealed that the banana peel 

powder was an interesting source of biomaterial for the 

production of cellulose. From EDXRF information, the 

banana peels sample composed of minerals such as 



Technological University Lashio Journal of Research & Innovation  Vol. 1, Issue: 3 

TULSOJRI September, 2020 83 
  

calcium and potassium which are benefit for human 

health. 

  According to the phytochemical tests, the banana 

peels sample contained different types of phytochemical 

compounds. The physical parameters of banana peel 

were determined. The pH was found to 5.73 and it was 

in the range of acid region. The moisture content and ash 

content were 1.66% and 10.50% and also the fiber 

content was 25.32 %. 

  Cellulose was isolated by using chemical treatment 

(alkali, bleaching and acid hydrolysis). The yield percent 

of cellulose was found to be 14.12 % to 12.78 %. 

 The isolated cellulose was characterized by 

sophisticated techniques such as FTIR, SEM, and XRD. 

According to FTIR spectroscopy, it was found that O-H 

stretching vibration of alcohol, asymmetrical and 

symmetrical C-H stretching vibration of sp3 

hydrocarbon, C-O stretching vibration of secondary 

alcohol , C-O stretching vibration of primary alcohol and 

C-O-C stretching vibration of ether group. Fourier 

Transform Infrared spectroscopy confirmed that alkaline 

treatment and bleaching removed most of the 

hemicellulose and lignin components present in the 

banana fibers. 

          The XRD pattern shows an intense reflection peak 

in between 16°-24° of 2 value which resembles the 

characteristic of the amorphous cellulose phase. 
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ABSTRACT:  The biowaste, hen’s egg shells mainly 

contain calcium carbonate. The calcium hydroxyapatite 

(HAp), Ca10(PO4)6 (OH)2  was prepared from egg shell 

(decomposed to CaO) and phosphoric acid by 

precipitation method. The elemental content of egg shell 

and heated egg shell were determined by EDXRF 

(Energy Dispersive X-ray Fluorescence) spectroscopy. It 

was found that calcium was the highest amount 

(30.313%) in egg shell powder and calcium oxide was 

the highest amount (99.32%) in heated egg shell. The 

prepared calcium hydroxyapatite was characterized by 

XRD (X-Ray diffraction) and FT IR (Fourier-

Transformed Infrared) techniques. The prepared HAp 

powder are found to be nanocrystalline nature. In order 

to evaluate the heavy metal removal characteristics of the 

HAp, adsorption tests were conducted by changing 

contact time. The results showed the removal efficiency 

of heavy metal ions increased due to the increase of the 

contact time. Adsorption isotherm tests revealed that 

Pb2+ and Cd2+adsorption to the HAp follows Langmuir 

and Frendlish models. 

KEYWORDS: heavy metal, precipitation, calcium 

oxide, hydroxyapatite,  

1. INTRODUCTION  

 Heavy metal toxicity has proven to be a major threat 

and there is several health risks associated with it. Heavy 

metals become toxic when they are not metabolized by 

the body and accumulate in the soft tissues. Chronic level 

ingestion of toxic metals has undesirable impacts on 

humans and the associated harmful impacts become 

perceptible only after several years of exposure. Few 

metals, such as aluminium, can be removed through 

elimination activities, while some metals such as lead, 

cadmium and arsenic get accumulated in the body and 

food chain, exhibiting a chronic nature- Cuiet et.al. 

(2018), Green & Planchart 2018). 

 Various methods of removing heavy metal ions have 

been widely studied, such as chemical precipitation, 

electrochemical deposition, membrane filtration, ion 

exchange, adsorption, biological treatment, and 

stabilization/solidification- Fu &Wang (2011). Among 

these methods, the adsorption method gives high 

efficiency for treatment, so it has been used widely. In 

recent years, many porous materials have been used for 

the adsorption of heavy metals in aqueous solution, such 

as activated carbon, clays, zeolites, apatite, chitosan, 

bioadsorbents, and agricultural wastes- Fu &Wang 

(2011) and Ziagova et.al (2007). In general, studies on 

materials which have high removal efficiency, are of low 

cost, and are nontoxic to human health are essential. In 

this regard, several normal ad sorbents have been 

recommended to remove Pb2+ ions. More recently, 

calcium hydroxyapatite (Ca10(PO4)6 (OH)2) is of interest 

to many researchers because of its remarkable adsorption 

efficiency for long-term containment. 

 Synthetic HAp has a similar chemical composition 

to the inorganic matrix of the natural bone and has good 

biological activity. HAp is nontoxic and nonallergic to 

humans and has antibacterial properties- Shanmugam & 

Gopal (2014). It has therefore been applied in the field of 

medicine and pharmacy- Krylova et.al (2006). In 

addition to the biomedical field, HAp has been applied 

in the treatment of the environment as an adsorbent for 

environmental protection, owing to its strong affinity 

towards heavy metal ions.  HAp can eliminate several 

contaminants such as Cu2+, Pb2+, Zn2+, Cd2+, Co2+, and 

Ni2+- Corami. et.al (2008) as well as NO3−, PO4 3−, F−, 

phenol, nitrobenzene, and red congo- Islam et.al (2010) 

of aqueous solutions. In addition, it has been used in 

chromatography for fractionation and purification of 

proteins and nucleic acids – Kandori et.al (2013). 

 A huge amount of egg shells is left daily, which are 

no use and produce waste. These eggshells support 

microbial action and lead to pollute environment. 

Eggshell corresponds to 11% of the total weight of an 

egg. These eggshells mainly contain calcium carbonate 

(91%-94%), calcium phosphate (1%) and other organic 

matters, which makes it preferable for synthesizing CaO- 

Sasikumar (2006). 

 Hydroxyapatite powder can be produced by various 

chemical techniques, such as precipitation, hydrothermal 

techniques, hydrolysis of other calcium phosphates, and 

solgel from very pure chemicals or from natural 

materials- Roll (2010). The main goal of this research is 

to prepared calcium hydroxyapatite using eggshell by 

chemical precipitation method and to remove heavy 

metals (lead and cadmium) from aqueous solutions. 
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2. MATERIALS AND METHOD 

2.1 Sample collection 

 Egg shells were collected from bakery, Mandalay 

region. The egg shells were washed with water to remove 

dust and other impurity. After washing, the shell was 

dried in sunlight. The dried shells was crushed and then 

sieved with 100 and 120 mesh size sieves. The egg shell 

powder sample (100 - 120 mesh size) was obtained and 

stored in a cleaned bottle to use this research. Phosphoric 

acid was purchased from chemical shop.  

2.2 Preparation of HAp powder  

 The egg shell powder were kept in a porcelain 

crucible and heated in muffle furnace at 900˚C for 3 

hours to decompose organic matters and convert the 

calcium carbonate to calcium oxide.  

 The obtained calcium oxide from egg shell powder 

was finely crushed using a mortar and pestle. Then, they 

were dissolved in 200 ml distilled water and the mixture 

was stirred for 30 min. At this reaction, CaO transforms 

into Ca (OH)2 . 

 The mixture was filtered and the filtrate was 

collected. Phosphoric acid (0.6 M) was added drop by 

drop to the filtrate. The precipitation was observed at the 

pH of the mixture up to 8.5. At this pH point, they were 

allowed to stand for 24 hours at the room temperature, 

which causes the precipitation hardening. Then, the 

mixture was further stirred for another 30 minutes by 

using magnetic stirrer and left over for another 24 hours 

until the precipitation reaction was completed. The 

mixture was filtered, and the precipitate washed with 

distilled water and again filtered using filter paper. The 

obtained precipitate was heated at 900˚C for 3 hours in 

muffle furnace. At the end of the process the white 

crystalline agglomerates, calcium hydroxyapatite, HAp 

was obtained. The expected reaction for this process is as 

follow: 

10 Ca (OH)2 + 6H3 PO4 → Ca10 (PO4)6 (OH)2 +18H2O 

2.3 Characterization of HAp powder 

 The chemical compositions of the before and after 

heated egg shell powder were determined by EDXRF. 

The crystal structure and phase purity of the 

hydroxyapatite (HAp) were examined by XRD. From 

XRD line broading, the average particle sizes for 

nanocrystalline powder were deduced by using Debye-

Scherrer’s equation - Azaroff (1968) and Zachariasen 

(1945). The Fourier Transform-Infrared (FT IR) 

technique is used to identify the organic and inorganic 

functional group present in the HAp powder. FTIR 

transmittance spectra of the HAp powder samples were 

reported in the 4000 - 400 cm–1 region by using KBr 

pellet technique. The technique measures the absorption 

of infrared radiation by the sample material versus wave 

number- Silverstein (1998). 

 

2.4 Removal of lead and cadmium from artificial 

waste water 

 Removal of lead from artificial waste water 

(aqueous solution of lead) was tested using prepared HAp 

as adsorbent by adsorption method.  

 The HAp powder (0.1g) was placed in a conical 

flask. 10 mg/L of 100 mL aqueous solution of lead was 

added to the flask and they were mixed. The adsorption 

process was carried out by stirring the mixture for 10 

minute using stirrer machine. Then, the adsorbent was 

removed by centrifugation at 500 rpm for 5 minute. The 

percent removal of lead was calculated by the following 

equation. 

       %    removal =  
0 e

0

C C

C

-
 × 100 

 Where, C0 and Ce are the concentration of lead 

solution before and after adsorption. Similarly, the 

procedure was repeated by changing contact time 20, 30, 

40, 50 minutes respectively.   

 Similarly, removal of cadmium from artificial waste 

water was studied using prepared HAp as adsorbent by 

adsorption method. The concentration of lead/ cadmium 

in artificial waste water before and after adsorption was 

determined by AAS (Atomic Absorption Spectroscopy) 

method.  

3. RESULTS AND DISCUSSION 

 From EDXRF data, some metal and metal oxide 

composition (%) of before and after heated egg shell 

powders are shown in Table 1 and Table 2. From the 

EDXRF data, the heated egg shell powder was rich souce 

of CaO. 

Table 1. Results of EDXRF of egg shell powder 

No Element Relative abundant (%) in 

egg shell 

1. 
Ca 

30.313 

2. 
K 

0.207 

3. 
Sr 

0.124 

4. 
Fe 

0.074 

5. 
Cu 

0.008 

 

Table 2 Results of EDXRF of heated egg shell powder 

No Metal oxide Relative abundant (%) 

1. CaO  99.320  

2. K2O  0.415  

3. SrO  0.225  

4. Fe2O3
 
 0.023  

5. CuO  0.017  
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 Fig 1. FTIR spectrum of the prepared HAp 

 Functional groups are assigned by FT IR 

spectroscopy. The FTIR spectrum of hydroxyapatite was 

recorded by using Perkin Elmer Spectrophotometer at 

the Department of Chemistry, University of Mandalay. 

Figure 1 shows the FTIR spectrum of prepared HAp. 

According to this spectrum the peaks at 3570.36 cm-1, 

3451.73 cm-1 indicate presence of OH stretching 

vibration. The bands at 1518.03 cm-1, 1464.98 cm-1 and   

1425.44cm-1 reveal that vibration mode of CO3
2−ion. The 

peaks at 1085.96cm-1, 1045.45 cm-1 and 876.68 cm-1 

indicate the presence of PO4
3−asymmetric and symmetric  

stretching and the peaks at 602.77cm-1, 567.09 cm-1 

indicate the presence of PO4
3−bending vibration.  

 

Fig 2. XRD spectrum of the prepared HAp 

 The crystal structure confirmation analysis was 

carried out by the X-ray diffraction patterns. XRD 

pattern of the prepared HAp was shown in Figure 2. From 

the XRD data, the crystallite size of hydroxyapatite was 

calculated by using the Debye-Scherrer’s equation (D = 

k/cos, where D is the crystallite diameter,  is the 

radiation wavelength and  the Bragg‘s angle). The 

crystallite size was found to be between 20.995 nm and 

38.423nm. Research data indicated that it was consistent 

with the parameter of nanoparticles.  

3.1 Adsorption characteristic of the prepared HAp in 

Heavy Meal aqueous solutions 

 The adsorption tests were performed in heavy metal 

aqueous solution to describe the removal performance 

for heavy metal ions (i.e., Pb2+ and Cd2+) by HAp. The 

removal efficiency of Pb2+and Cd2+tend to increase with 

increasing contact time shown in Table 3 and 4. The 

initial concentrations of artificial waste water of lead and 

cadmium solutions were 10mg/L for all tests.  

Table 3. Removal efficiency of lead ion from artificial 

waste water by the prepared HAp 

No Contact 

time 

(minute) 

Residual 

Concentration 

(mg/L) 

Removal 

efficiency 

(%) 

1 10 1.9475 80.52 

2 20 0.8384 90.62 

3 30 0.7332 92.67 

4 40 0.3813 96.19 

5 50 0.1380 98.62 

Table 4. Removal efficiency of Cadmium metal ion from 

artificial waste water by the prepared HAp 

No Contact 

time 

(minute) 

HAp 

dose 

(g) 

Residual 

Concentration 

(mg/L) 

Removal 

efficiency 

(%) 

1 10 0.01 4.101 58.99 

2 20 0.02 3.365 66.35 

3 30 0.03 2.350 76.50 

4 40 0.04 1.201 87.99 

5 50 0.05 0.725 92.75 

3.2 Study on Adsorption Isotherms 

 The adsorption equilibrium models often provide 

insight into the sorption mechanism, surface properties 

and affinity of adsorbent. The most common used 

equilibrium models are Langmuir and Freundlich- 

isotherms- Langmuir(1918) and Freundlich (1906). 

 The Langmuir adsorption isotherm assumes 

monolayer adsorption of solutes onto a surface of 

adsorbent with a finite number of identical sites and can 

be represented as 

 Ce / qe = 1/ b qmax + Ce / qmax 

 Where, Ce (mg/L) is concentration of metal ions in 

bulk solution at equilibrium, qe (mg/g) is the amount of 

metal ions adsorbed on unit mass of adsorbent at 

equilibrium, and qmax and b represent adsorption capacity 

(mg/g) and adsorption energy. Hence a plot of Ce / qe 

versus Ce yield a straight line with qmax calculated from 

the slope and the value of b as its intercept.  

 The Freundlich isotherm is known to well describe 

heterogeneous system for nonideal adsorption, which 

can be expressed as: 

 log qe = log Kf  + (1/n)  log Ce  

Where, Kf   and n represent adsorption capacity (mg/g) 

and the intensity of adsorption. 
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 Table (5) and (6) showed the data for Langmuir and 

Freundlich isotherms. Table (7) indicated the parameters 

for Langmuir and Freundlich adsorption isotherms. 

Table 5. The Data for Langmuir and Freundlich 

Isotherms for adsorption of lead 

No 
qe 

(mgg-1) 

Ce/qe 

(gL-1) 

logCe 

(mgL-1) 

logqe 

(mgg-1) 

1 8.053 0.2418 0.2894 0.9054 

2 9.063 0.0925 -0.0338 0.9572 

3 9.262 0.0791 -0.2238 0.9667 

4 9.619 0.0396 -0.4018 0.9831 

5 9.962 0.0138 -0.8542 0.9983 

Table 6. The Data for Langmuir and Freundlich 

Isotherms for adsorption of Cadmium 

No 
qe 

(mgg-1) 

Ce/qe 

(gL-1) 

logCe 

(mgL-1) 

logqe 

(mgg-1) 

1 5.899 0.6952 0.6128 0.7707 

2 6.635 0.5072 0.5269 0.8218 

3 7.650 0.3072 0.3710 0.8836 

4 8.799 0.1365 0.0795 0.9444 

5 9.275 0.0782 -0.1396 0.9673 

 

  

 
  
Fig 3. The Langmuir Isotherm for lead (a) and cadmium 

(b) on HAp 

 In Langmuir isotherm model, the maximum 

adsorption capacity (qmax) was 8.37 mg/g for lead and 

5.55 mg/g for cadmium ion. 

 

 
 

Fig 4. The Freundlich Isotherm for lead (a) and 

Cadmium (b) on HAp 

Table 7. The Parameters for Langmuir and Freundlich 

Adsorption Isotherms  

 Langmuir Parameters Freundlich 

Parameters 

 R2 qmax 

(mg/

g) 

b 

(L/mg) 

R2 n Kf  

lead 0.9838 8.37 24.88 0.8812 12.90 8.77 

cad-

miu

m 

0.9859 5.55 2.31 0.9299 3.97 9.93 

 The R2 value of the Langmuir isotherm (R2 = 0.9838 

for lead and R2 = 0.9859) are higher than that of the 

Freundlich isotherm (R2 = 0.8812 for lead and R2 = 

0.9299) indicating that the Langmuir isotherm is more 

appropriate the Freundlich isotherm. 

4. CONCLUSIONS 

 This research work presents a chemical method to 

produce calcium hydroxyapatite using heated egg shell 

powder and phosphoric acid. Heated egg shell powders 

contain the highest value (99.320 %) of calcium oxide 

according to EDXRF results. 

  The synthesized calcium hydroxyapatite was 

characterized using modern sophisticated methods such 

as FT IR, SEM and XRD techniques. The FTIR spectrum 

shows the presence of OH--, PO4
3−, and CO3

2− but the 

intensity of the peak corresponding to CO3
2− ions 

decreased  and the high intensity was found that of PO4
3− 

ions. The XRD spectrum shows intense reflection peak 

in between 22.629˚-33.847˚ of 2θ value which resembles 

the characteristic of the apatite phase. The XRD result 
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also shows that the nanoparticle size and crystal structure 

of the prepared calcium hydroxyapatite. 

 The prepared calcium hydroxyapatite powder was 

applied for removal of heavy metals (lead and cadmium) 

from artificial waste water. The percent removal increases 

with increasing contact time. The Langmuir isotherm 

was more suitable to describe the adsorption phenomena 

with a greater regression coefficient R2, indicating that 

the adsorption process occurred on monolayers. The 

research shows the egg shell as a possible recycling 

material for producing hydroxyapaptite powder, which 

can also help in waste management and keeping 

environmental clean.  
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ABSTRACT 

All pigments from fresh vegetables are the sources 

of natural indicators. The main aim of this research is to 

extract the natural indicator from the upper layer of 

strawberry fruit which belongs to Rosaceae family. The 

colour pigment from the particular sample was extracted 

by 90% ethanol. The colour changes of the extracted 

pigment were tested at different pH of buffers. The 

anthocyanin and its related compounds in the upper layer 

of strawberry were qualitatively tested by the use of 

various reagents such as magnesium, sodium hydroxide, 

concentrated hydrochloric acid and sulphuric acid. The 

maximum wavelength of the extracted pigments was 

measured by means of UV- visible spectrophotometer. 

To scan colour stability of the extracted pigment, it was 

stored in a brown bottle not to exposure direct light. The 

indicator equilibrium constant, pKIn value of the 

extracted indicator was calculated from 

spectrophotometric measurement. This calculated pKIn 

was compared with that of synthetic indicators. The 

sensitivity of extracted indicator was compared with that 

of synthetic acid-base indicators by utilizing in titrations. 

According to the experimental results, the extracted 

pigment was an effective indicator for acid –base 

titration.  
 

 KEYWORDS anthocyanin, indicator, pH, pKIn,     

strawberry,spectrophotometric method 

 

1. INTRODUCTION  

 Acid–base indicators such as 

phenolphthalein, methyl orange and natural indicators 

are weak organic acids or bases. They are substances 

which change colour with pH. Most of the plants or plant 

parts contain the naturally colored anthocyanin and its 

related compounds. They are red in acidic solutions and 

blue in basic. Natural dyes and pigments in plants are 

highly colored substances. Natural indicators prepared 

from natural substances have been used for hundreds of 

years. The 17th century chemist, Robert Boyle described 

indicators extracted from roses and other plant materials 

The highly colored pigments resulted from plants are 

found to exhibit color changes with variation of pH [1]. 

Therefore the natural indicator was extracted from the 

upper layer of strawberry fruit and it was identified by 

determining the indicator equilibrium constant by 

spectrophotometric method. Moreover, it was used in 

acid-base titration to detect colour sensitivity.   

2. EXPERIMENT 

2.1 Sample Collection and Preparation 

The upper layer of strawberry fruit was collected 

and they were made into small pieces and dried at room 

temperature for two days. Then, 10g sample was 

macerated for two hours in 50 cm3 of 90% of ethanol and 

filtered.  Then the ethanol extract was stored in brown 

bottle not to exposure direct sunlight. The yield percent 

of the pigment in the ethanol extract was determined by 

Beer-Lambert’s law equation A = εbc.  

 

2.2 Determination of Colour Changes of the Extract 

in Different pH of Buffer 

The series of buffer solutions having different pH 

values 1 to 12 were prepared using the respective 

chemicals such as hydrochloric acid, potassium 

hydrogen phthalate, sodium hydroxide, sodium 

tetraborate, sodium hydrogen carbonate and potassium 

phosphate to give desired pH. Approximately 1 cm3 of 

the colour pigment extract was added to each test tube 

filled one-third full with the corresponding buffer 

solution of known pH. The color of the extract was 

recorded at different pH of buffer solutions. 

 

2.3 Qualitative Test for Anthocyanin and Related 

Compounds Present in the Extract   

When ethanol extract (1cm3) was treated with a few 

cm3 of aqueous NaOH, the solution turned to red color. 

It indicates the presence anthocyanin and related 

compounds. Moreover, 1cm3 the ethanol extract was 

heated with magnesium and then a few drops of 

concentrated HCl was added under cooling.  

The appearance of orange red color indicates the 

presence of desired compounds.  Furthermore, it was 

confirmed by testing that ethanol extract (1cm3) was 

treated with a few cm3 of concentrated sulphuric acid. 

The appearance of yellow colour ensures the presence of 

the tested compounds [2]. 

 

2.4 Determination of Absorption Maximum 

Wavelength for Extracted Pigment 

To determine the maximum wavelength of the 

extracted pigment, the absorbance of ethanol extract was 

immediately determined by using UV-visible 

spectrophotometer. The absorption spectra were 

recorded from 440 nm to 570 nm [3]. The maximum 

wavelength for the pigment was found at   570 nm. 

 



Technological University Lashio Journal of Research & Innovation  Vol. 1, Issue: 3 

TULSOJRI September, 2020 90 
  

2.5 Determination of Absorbance for Different 

Concentrations of Extracted Pigment 

The series of ethanol extract having different 

concentrations such as 5%, 10%, 15%, 20% and 25% 

were created. The absorbance at different concentrations 

of the ethanol extract was measured at 570 nm against 

the blank solution using UV-visible spectrophotometer. 

Then, the standard calibration curve for the extracted 

pigment was plotted as shown in Fig 3. 

 

2.6 Determination of Colour Intensity of Extracted 

pigment  

In order to scan the colour stability of the 

extracted pigment, (i.e., changes of the absorbance of 

extract with storage time), the ethanol extract was 

allowed to stand for twelve days by dividing six portions. 

The absorbance for each potion for storage time (1, 2, 3, 

7, 9, 11) day/ days was determined by using UV-visible 

spectrophotometer at the wavelength at 570 nm [3]. 

 

2.7 Determination of Indicator Equilibrium Constant 

for the Extracted Pigment Using 

Spectrophotometric Method 

Twelve test tubes filled one-third full with the 

corresponding solution of known pH (1 to 12) were 

prepared. Approximately 1cm3 of the extract was added 

to each test tube and the solution was allowed to 

thoroughly mix.  The absorbance of each solution was 

measured at 570 nm by UV-visible spectrophotometer.  

Similarly, the same procedure was carried out for the 

synthetic indicators such as methyl orange and 

phenolphthalein [4]. Then, the absorption spectra were 

constructed. 

 

2.8 Comparison of the Sensitivity between Extracted 

Indicator and Synthetic Acid-base Indicators 

The natural indicator extracted from the upper layer 

of strawberry fruit was used in a series of titration of 

strong acid versus strong base (1M HCl and 1M NaOH), 

weak base versus weak acid (1M NH4OH and weak acid 

1M CH3COOH), strong base versus weak acid (1M 

NaOH and 1M CH3COOH), Strong acid versus weak 

base (1M HCl and 1M NH4OH). Two drops of the 

extracted indicator was used to detect the titration end 

point [4].  The experiment was conducted in triplicate at 

the same cases.  For comparison, the same procedure  for 

synthetic indicators (standard indicators) was carried out.  

 

3. RESULTS AND DISCUSSION 

 

3.1The Colour Changes of the Extract with pH(s)          

The colour changes of the extracted pigment from 

the upper layer of strawberry fruit in prepared buffer 

solutions having different pH from 1 to 12 were shown 

in Fig 1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.Colour changes of the extract with pH in buffers  

 

3.2 Qualitative Identification of Anthocyanin and 

Related Compounds in the Ethanol Extract  

 According to the observation of the qualitative 

tests, it can be said that anthocyanin and its related 

compounds were present in the ethanol extract as shown 

in Table 1. 

Table 1. Colour observation of the extract in different 

tested reactions   

Sample Colour Test 

NaOH Mg + HCl 

 

H2SO4 

 

Literature 

image* 
Red Red Yellow 

The 

extract 
Red Orange red Yellow 

 

3.3 Maximum Wavelength of Extracted  Pigment  

 According to literature [5], it was realized that 

.anthocyanin was characterized by absorption band  in 

visible region (450-570 nm). Therefore, in the present 

research, maximum wavelength of the extracted pigment 

was determined in visible region of the wavelength range 

of 450 to 600 nm.  The 𝜆𝑚𝑎𝑥of extracted pigment was 

found at wavelength 570 nm. The absorbance at 

respective wavelengths are described in Table 2 and 

Figure 2. 

 

Table 2.Absorbance of the extracted pigment atdifferent 

wavelengths (550nm– 590nm) 

 

No Wavelength (nm) Absorbance 

1. 550 0.087 

2 555 0.058 

3 560 0.037 

4 565 0.021 

5 570 0.507 

6 575 0.580 

7 580 0.566 

8 585 0.551 

9 590 0.524 
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 Fig 2. The  absorption spectrum of the extracted      

pigment 

 

3.4 Standard Calibration Curve for the Extracted 

Pigment 

           In the present research, the absorbance of each 

concentrations of extract (0%, 5%, 10%, 15%, 20%, and 

25%) was measured at wavelength 570 nm. Table 3  

shows the relationship between absorbance and various 

concentrations of the extract.  Standard calibration curve 

was constructed using absorbance against different 

concentrations of ethanol extract.  The standard curve 

was linear and passed through the origin. Therefore, it 

obeys to Beer-lambert’s law in the concentration range 

of 5% to 25% [6]. From the calibration curve, the 

absorptivity of extracted pigment was found to be 

0.0115.  

Table 3. Relationship between absorbance and various 

concentration of the extract  

No Concentration (%) Absorbance at 570 nm 

0 0 0 

1 5 0.062 

2 10 0.128 

3 15 0.169 

4 20 0.254 

5 25 0.278 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. Calibration curve of  serial diluted solution of the 

extract 

 

3.5 Colour Stability of the Extracted Pigment 

          The extract was stored in brown bottle to detect the 

colour intensity change with storage time.  The stability 

of extract was determined by spectrophotometric 

method.  The absorbance of the each extract stored for ( 

1, 2, 3, 7, 9, 11) day/ days  was measured at 570 nm. 

From this study, each extract was photochemically 

unstable because of the absorbance  

values vary slightly with storage time. The measured 

absorbance gradually decreased within two weeks, 

absorbance was appreciable changed. Moreover, the 

extract became turbid beyond two weeks. So, the extract 

natural pigment should be used as acid-base indicator 

after immediately extracting. 

Table  4. Changes of absorbance with storage time 

 

 

3.6 Equilibrium Constant for the Extracted Pigment 

The absorbance of the extracted indicator, 

methyl orange indicator and phenolphthalein indicator 

are listed in Table 5. The absorption spectrum of 

extracted indicator is shown in Fig. 4. It showed that 

there were continuous changes in the absorbance values 

at different pH conditions when measured at wavelength 

of 570 nm. The absorption spectra of phenolphthalein 

and methyl orange indicators are shown in Fig. 5 and Fig. 

6. 

Table 5. Absorbance of extracted indicator, methyl 

orange and phenolphthalein indicators 

pH Absorbance (λ
max 

= 570 nm) 

Extract  Methyl orange  Phenolphthalein  

1 0.070 0.618 0.006 

2 0.073 0.699 0.009 

3 0.076 0.571 0.056 

4 0.063 0.215 0.027 

5 0.072 0.058 0.017 

6 0.072 0.024 0.011 

7 0.118 0.031 0.015 

8 0.110 0.026 0.053 

9 0.140 0.031 2.221 

10 0.176 0.028 2.301 

11 0.137 0.026 1.315 

12 0.070 0.034 1.305 

 

 

 

Storage 

time (day) 

Absorbance 

( 570nm) 

Colour 

1 0.517 pale red 

2 0.401 pale red 

3 0.210 light pale red 

7 0.202 light pale red 

9 0.202 light pale red 

11 0.214 slight turbid pale red 

12 0.212 more turbid pale red 
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Fig 4. Plot of absorbance changes under different pH(s) 

of extracted indicator 

 

 

 
 

 

 

 

 

 

Fig 5. Plot of absorbance changes under different pH(s) 

of phenolphthalein  indicator 
 

 

 
 

 

 

 

 

 

 

Fig 6. Plot of absorbance changes under different pH(s) 

methyl orange indicator 

          The variation in absorbance (A) with pH was used 

to calculate the pKa .  It is equal to the value of pH at half-

height of absorbance vs pH curves.      

          The calculated pKa and KIn values of  extracted 

indicator shown in (Appendix II) was found as pKa (8.5) 

and KIn 3.162 × 10-9
.  The pKa and KIn values of synthetic 

indicators were calculated as the same way. These 

calculated values were compared in Table 6.  The 

extracted indicator with pKa 8.5 is closer to that of 

phenolphthalein 8.3 [7] 

 

Table 6. Comparison of pKa and KIn  of Indicators 

 

Indicator λ max pKa KIn 

Extracted 

indicator 

570 8.5 3.162 × 10-9 

Methyl orange 570 3.6 2.512 × 10-4 

phenolphthalein 570 8.3 5.012 × 10-9 

 

3.7 Comparison of the Sensitivity of Extract Indicator 

with Synthetic Acid-Base Indicators 

The extracted pigment was used as an indicator 

to detect the end point for acid-base titration. It was 

difficult to observe colour changes in titration by visual 

means. After adding each drop of titrant, color changes 

in solution was seldom matched with external indicator.  

According to the titration data, all of three indicators 

(extracted indicator, methyl orange, and 

phenolphthalein) were found the nearly the same titrant 

volume in 1M of the strong acid (HCl) and the strong 

base (NaOH) titration. Science extracted indicator was 

partially acidic properties, no more than two drops was 

added to the solution. According to the end point data,  

the extracted indicator for ( strong acid vs weak base) and 

(weak acid vs strong base) titrations were found to be 

nearly the same value during using the 1M concentration 

of solution.  The extracted indicator was satisfied for the 

above titrations except weak acid vs weak base.  

 

4. CONCLUSION 

. The extracted pigment from the upper layer of 

strawberry has the tendency to change in colour with pH 

due to the presence of anthocyanin and its related 

compounds. The pigment (89.01%) was extracted by 

90% ethanol. The extracted pigment known as natural 

indicator was identified by determining indicator 

equilibrium constant by spectrophotometric method and 

by investigating its sensitivity in acid-base titrations. 

However, the colour stability of extracted pigment was 

within two weeks. Moreover, it obeys Beer’s law in the 

concentration range of 5 % to 25%. The pKa value (8.5) 

for extracted natural indicator was similar with that of 

phenolphthalein indicator (8.3). Therefore the extracted 

natural indicator can be substituted instead of using 

phenolphthalein indicator in strong acid and strong base 

titration. Therefore, this study proves that the fresh 

vegetable and fruits which contain anthocyanin and its 

related compounds can be potentially utilized as 

indicators for acid –base  titrations.   
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APPENDIX I 

Using Beer - Lambert’s law,  

 A = εbc 

 C = 
A

εb
 = 

0.062

(0.012 ×1)
 

 = 5.167 gmL-1 of crude extract  

where 

A = Absorbance of crude extract (0.062) 

 ε = Absorptivity (0.012) 

 b = Cell length (1cm) 

 c = Concentration of crude extract solution 

By using standard of crude extract  

C1 = Concentration crude extract  (5.167 gmL-1) 

A1 = Absorbance of crude extract (0.062) 

C2 = Concentration of total crude extract A2 = 

Absorbance of total crude extract  (0. 537) 

 
A1

A2
 = 

C1

C2
 

 C2 = 
A2

A1
 × C1 

      =  
0.537×5.167

0.062
 

     = 44.75gmL-1 

50 ml of total extract solution 44.75 gmL-1 of pigment 

compound. 

100 ml of total crude extract solution contains 44.75 × 
100

50
 = 89.5%. 

APPENDIX II 

Calculation of Indicator Constant (pKIn ) Using 

Spectrophotometric Methods 

pKIn value for strawberry indicator = Value of pH at 

half height of absorbance pH curve 

pKa= pH at A½  >1 

A½  = 
𝐴𝑚𝑎𝑥− 𝐴𝑚𝑖𝑛

2
 + Amin 

Where, Amax and Amin are the maximum absorbance  

an absorbance pH graph. 

⸫  A½ = 
0.176−0.063

2
 + 0.063 

 = 0.12 

From the absorbance pH graph,  

At A½  = 0.12, pH = 8.5 

 pH   = pKIn 

pKIn = 8.5 

        - log KIn = 8.5 

         KIn = Antilog – 8.5 

       = 3.162 × 10-9  
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ABSTRACT:  This paper presents the potential 

feasibility of peanut hull particle for removal of cationic 

dyes (methylene blue) from aqueous solution was 

investigated. Magnetically responsive nanocomposite 

materials, prepared by modification of diamagnetic 

materials by magnetic fluids (ferrofluids), have already 

found many important applications in various areas of 

biosciences, medicine, biotechnology, environmental 

technology etc. Ferrofluid modified biological waste 

(peanut hulls) has been successfully used for the 

separation and removal of water soluble organic dyes and 

thus this low cost adsorbent could be potentially used for 

waste water treatment. The peanut hulls was 

characterized by using EDXRF, FT IR and SEM. FITR 

analysis showed that there were carbonyl and hydroxyl 

groups on the surface of the adsorbent which improve its 

surface for adsorption and contain capillaries tubes 

showed by SEM analysis. Also intra particle diffusion 

for peanut hulls and magnetic peanut hulls were studied 

by beer factory wastewater, tap water (laboratory), pun 

haling river water and some model solution of Cu2+ and 

Pb2+. The results in this study indicated that magnetic 

peanut hull was a good absorbent for removing 

wastewater treatment. 

Keywords: Peanut hulls, Magnetic Peanut Hulls, 

Methylene blue, Adsorbents, Ferrofluids, Wastewater 

1. INTRODUCTION  

 Nanocomposites   are   materials   that   are   usually   

created   by   introducing   appropriate   nanoparticles   

into   a   macroscopic sample material.  The  resulting  

nanocomposites  may  exhibit  drastically  changed  

properties,  resulting  e.g.,  in  enhanced  mechanical,  

optical  or  magnetic  properties.  Such materials are of 

great importance for new scientific and technological 

applications (Safarik and Safarikova, 2009).  Materials 

whose physical properties can be varied by application 

of external magnetic fields belong to a specific class of 

smart materials. In many cases magnetically responsive 

composite materials can be formed by modification of  

originally  diamagnetic  materials  by  magnetic  

nanoparticles  (most  often  formed  by  magnetite,  

maghemite  or  various  ferrites),  present  in  different  

types  of  magnetic  fluids  (ferrofluids).  Such  composite  

materials  have  already  found  many  important  

applications  in  various  areas  of  biosciences,  

biotechnology,  medicine  and  environmental  

technology (Safarik and Safarikova, 2002).  In  addition  

to  traditional  inorganic  or  synthetic  organic  materials,  

recently  also  materials  of  biological  origin,  such  as  

microbial  and  algae  cells,  or  lignocellulose  particles,  

have  been  transferred  into  magnetically  responsive  

nanobiocomposite  materials  after  magnetic  fluid  

treatment.  Such  materials  could  be  used for  the  

separation  and  removal  of  both  organic  and  inorganic  

xenobiotics  or  for  the  construction  of  magnetically  

responsive, whole cells biocatalysts (Safarik and 

Safarikova, 2010 and Safarikova, et al., 2009).  Recently,  

the  possible  use  of  agricultural  products  and  by-

products  has  been  widely  investigated  as  a  

replacement  for  current  costly  methods  of  removing  

different  types  of  xenobiotics  (e.g.,  heavy  metals  ions, 

hydrocarbons and dyes) from water and wastewater. 

Some of the agricultural waste materials can be 

effectively used as low-cost adsorbents.  Modification  of  

agricultural  by-product  could  enhance  their  natural  

adsorption  capacity  or  add another additional value to 

the by-product.  In  order  to  improve  manipulation  

during  the  adsorption  process,  magnetic  modification  

of  the  low-cost  adsorbents by magnetic fluids can be 

used, leading to the formation of “magnetic adsorbents”, 

which can be easily removed from the treated solutions 

using an appropriate magnetic separator.  Peanut husks 

are one of the biggest food industry waste products. It 

has been shown recently that peanut husks can efficiently 

remove copper ions from waste water (Ozsoy, et al., 

2007). In this paper magnetic fluid modification of 

peanut hulls and subsequent application of this magnetic 

nanobiocomposite material for wastewater is described. 

2. THEORETICAL BACKGROUND 

2.1 Peanut Hulls 

Many billion pounds of peanuts are produced 

annually in the Myanmar. Since peanuts are grown as a 

plant, they are a renewable resource (Brown, 2000). As 

a by-product, the hulls are easy and inexpensive to obtain 

because industries are in need of only the peanut as the 

main ingredient in their products. Peanut hulls are very 

porous and have low solubility. The majority of their 

chemical composition is fiber (60-67%) including 

cellulose and lignin (Albrecht, 1979). The total analysis 

does not summate to 100% because the fiber includes 

much of the cellulose and lignin. Agricultural by-

products showing high adsorption capacities for metals 

tend to contain cellulose, hemicellulose, pectin, lignin, 

and protein (Kumar, 2006). Peanut hulls have similar 

components, making them for use in wastewater 
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treatment. The structures of these compounds have 

functional groups that invite metal ion exchange and 

metal chelation. Cellulose is a polymer of glucose units, 

which are composed of primary and secondary alcohols, 

joined by ester linkages. Lignin is a complex polymer 

composed of individual aromatic units. The structure is 

not known precisely because of lignin’s complexity. 

There are many binding possibilities between the three 

phenyl propane monomers of which lignin is composed 

(Lignoworks, 2014). 

2.2 Ferrofluid 

 Ferrofluid are colloidal suspensions of magnetic 

nanoparticles. Ferrofluid, Fe3O4 magnetic nanoparticles 

can be produced by mixing Fe(II) and Fe(III) salts 

together in a basic solution. A ferrofluid is a collection 

of superparamagnetic nanoparticles that are suspended in 

a liquid.  These nanoparticles are approximately 10 nm 

in diameter.  The majority of nanoparticles are iron-

based, such as magnetite (Fe3O4) (Doris et al., 2005). 

2.3 Magnetic Peanut Hulls 

Magnetically responsive peanut hulls materials, 

prepared by modification of diamagnetic materials by 

magnetic fluids (ferrofluids). Ferrofluid modified 

biological waste (peanut hulls) has been successfully 

used for the separation and removal of water soluble 

organic dyes and thus this low cost adsorbent could be 

potentially used for waste water treatment. In addition to 

traditional inorganic or synthetic organic materials, 

recently also materials of biological origin, such as 

microbial and algae cells, or lignocellulose particles, 

have been transferred into magnetically responsive 

nanobiocomposite materials   after magnetic fluid 

treatment. (Taha and Maghraby, 2015). 

2.4 Methylene Blue 

       Methylene blue was chosen in this study because of 

its known strong adsorption onto solids. Methylene blue 

has a molecular weight of 373.9 g, which corresponds to 

methylene blue hydrochloride with three groups of 

water. The structure of the methylene blue is given as 

below. Methylene blue, a cationic dye, is not regarded as 

acutely toxic, but it has various harmful effects. On 

inhalation, it can give rise to short periods of rapid or 

difficult breathing, while ingestion through the mouth 

produces a burning sensation and may cause nausea, 

vomiting and gastritis problems (Haque et al., 2002).                        

 

Fig 1 Molecular structure of methylene blue 

2.5 Adsorption 

 Adsorption is a process that occurs when a gas or 

liquid solute accumulates on the surface of a solid or 

more rarely, a liquid (adsorbent) forming a molecular or 

atomic film (the adsorbate). It is a good weapon to fight 

against toxic metals threatening our environment 

(Karston, 1998). Adsorption is actually a mechanism in 

which the force of interaction between surface atoms and 

the adsorbate molecules are similar to van der Waal’s 

forces with the net force depending on the distance 

between the surface of the adsorbent and adsorbate 

molecule. 

3. EXPERIMENT 

3.1 Samples Preparation            

3.1.1Preparation of roasted peanut hulls 

In this research, Peanut hulls (Red) were collected 

from broker house at Ba Yint Naung, Yangon Region, 

Myanmar. The collected raw peanut grains samples 

(white) were roasted on the sand bath to obtain roasted 

peanut hulls. The roasted peanut hulls were washed with 

tap water to remove dirt and other impurities and then 

sprayed with distilled water. After that, the peanut hulls 

were dried in an oven at 80 ºC and then crushed in milling 

machine to obtain powdered form. The powder was 

sieved with 600 µm sieve and stored in the dried plastic.

  

3.1.2 Preparation of ferrofluid and ferro powder   

 A 2:1mole ratio of iron (II) sulphate (FeSO4.7H2O) 

and iron (III) chloride (FeCl3.6H2O) were placed into a 

250 mL beaker containing 80mL of distilled water. Then 

the solution was heated to    80 ºC, after stirring for 30 

min and 25 mL of 25 % (v/v) ammonium hydroxide 

solution was slowly added into the beaker containing 

solution mixture. Magnetite, a back precipitate, will form 

immediately. Stir throughout the addition of ammonia 

solution. Cease stirring and allow the precipitate to settle 

(5-10 min). This colloidal suspension of magnetic iron 

oxide solution mixture is called ferrofluid. Finally, to 

obtain the ferro powder, the precipitates were collected 

using external magnetite and washed for several times 

with deionized water and ethanol, and then dried at 60 ºC 

(Taha and Maghraby, 2015). 

3.1.3 Preparation of magnetic adsorbent 

 10 g of peanut hulls powders (Red) were suspended 

in the ferrofluid solution at 80 ºC. The suspension was 

mixed on a stirrer for 30 min. The magnetically modified 

peanut hulls particles (Red) were obtained. The particles 

were then left to cool to room temperature and washed 

with distilled water and then dried until complete dryness 

(Taha and Maghraby, 2015). 

3.2 Methods using to characterization of prepared 

samples 

The major elements of peanut hulls were analyzed 

using X-Ray Fluorescence, (EDX-720). FTIR of peanut 

hulls was performed to analysis the functional groups in 

the surface of peanut hulls. FTIR spectra were recorded 

on a (FTIR- 8400 S, Shimadzu-Japan) instrument in the 

absorption mode with a resolution of 4 cm−1, in the range 

of 4000–400 cm−1. Scanning electron microscope was 

used to study the surface morphology of peanut hulls 

using (SEM " JSM 5610"- Japan) (Taha and Maghraby, 

2014). 

3.3 Preparation of standard solutions 
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3.3.1 Preparation of MB solution 

The stock solution of 1000 mg/L was prepared by 

dissolving 1.00 g of MB in 1000 ml distilled water. The 

experimental solutions with different concentrations 

were prepared by diluting the stock solution with 

distilled water (Taha and Maghraby, 2015). 

3.3.2 Preparation of Cu (II) solution 

To prepare stock copper (II) solution 1.0 g/L was 

prepared by adding calculated amount of CuSO4.5H2O in 

distilled water. Then it can be diluted according to 

required concentration. 

3.3.3 Preparation of Pb (II) solution 

The stock solution of lead (II) was prepared in 1.0 

g/L concentration using Pb(NO3)2.Then it can be diluted 

according to required concentration. 

3.4 Removal of dyes  

Biosorption experiments were carried out on a rotary 

shaker operated at 200 rpm and thermostatically 

controlled at (30±1) ºC. Using 250 mL conical flasks 

containing 100 ml of 20 mg/mL concentrations of MB 

solution and initial pH values of dye solutions. 0.2g 

doses of sorbent were added to each flask and then the 

flasks were sealed to prevent change in volume of the 

solution during the experiments. After shaking the flasks 

for predetermined time intervals, the samples were taken 

out from the flasks and the dye concentration was 

analyzed using UV-vis 1240 spectrophotometer, the 

samples were separated by decantation. All the 

measurements were made at wave length corresponding 

to the maximum absorbance of the dye at 660 nm.nFerro 

powder, peanut hulls (Red) and magnetic peanut hulls 

(Red) samples were studied at same procedure (Taha and 

Maghraby, 2015). The removal percent was calculated 

by the following equation Re % = C0 – Ce /C0   x  100 

  where C0 and Ce (mg/L) are the liquid-phase 

concentrations of dye at initial and at any time t, 

respectively. 

3.5 Removal of turbidity  

In this research, absorption spectra of the turbidity 

of the three different samples were recorded by using 

UVmini-1240 spectrophotometer. A 100 mL of beer 

factory wastewater sample solution was mixed with 0.2 

g each of ferro powder, peanut hulls (Red) and magnetic 

peanut hulls (Red). Adsorption experiments were carried 

out in rotary shaker at 200 rpm and 30 ℃ for 2 hours. 

After shaking, the sample solutions were filtered off and 

the resultant filtrate was measured by UVmini-1240 

spectrophotometer at λmax 300 nm. All experiments were 

performed in triplicate. Same procedure was carried out 

for the turbidity removal efficiencies of tap water from 

Lab room and Pun Hlaing river water samples.  

3.6 Removal of heavy metal  

In this research, removal efficiencies of heavy metal 

model solutions were conducted by using Atomic 

Absorption Spectroscopy. A 0.2 g each of ferro powder, 

peanut hulls (Red) and magnetic peanut hulls (Red) were 

added to 100 mL of Cu2+ model solution in 250 mL 

conical flasks. Adsorption experiments were carried out 

in rotary shaker at 200 rpm and 30 ℃ for 24 hours.  After 

shaking, the sample solutions were filtered off and the 

absorbance resultant values were measured by Atomic 

Absorption Spectroscopy. All experiments were 

performed in triplicate. Same procedure was carried out 

using Pb2+ model solution instead of Cu2+ solution. 

4. RESULTS AND DISCUSSION 

4.1 Samples Preparation            

4.1.1 Preparation of Roasted Peanut Hulls Powder  

In this research, the roasted peanut hulls powders 

were prepared after drying. The powder was sieved with 

600 μm mesh and stored in the dried plastic bottle. Fig 2 

(a) and (b) show photograph of peanut hulls and peanut 

hulls powder. 

 

 

(a) (b) 

Fig 2 The photographs of (a) Peanut hulls (Red) (b) 

Peanut hulls powder (Red) 

4.1.2 Preparation of ferrofluid and ferro powder

 Ferrofluids are very stable colloidal dispersions of 

ultra-fine particles of a magnetic material, such as 

magnetite, in a liquid, which may be chosen to conform 

to a particular application.  In this research, Ferrofluid 

were prepared mixing iron (II) sulphate and iron (III) 

chloride. Fig 3 shows preparation of ferrofluid and ferro 

powder. 

 

 

Fig 3 Preparation of ferrofluid and ferro powder 

4.1.3 Preparation of magnetic peanut hulls  

  In this research, roasted peanut hulls powder and 

ferrofluid solution were mixed at 80 ℃ and stirred for 

30 minutes. Fig 4 shows the preparations of magnetic 

peanut hulls.   
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Fig 4 Preparation of magnetic peanut hulls. 

4.2 Characterization of prepared samples 

4.2.1 Elemental compositions of prepared samples  

The elemental compositions of the peanut hulls were 

determined by X-Ray Fluorescence Spectrometer. 

Potassium and calcium were the main components in the 

peanut hulls whereas iron was observed as main 

component in magnetic peanuts hulls (See Table 1. and 

Fig 5 and 6)  

Table1. Elemental compositions of peanut hulls 

and magnetic peanut hulls (Red) 

Element 
Composition (%) 

Peanut hulls 

(Red) 

Magnetic Peanut 

hulls (Red) 

K 45.0  

Ca 30.6 0.39 

Fe 15.96 99.13 

S 4.45  

Ti 1.22  

Mn 1.02 0.49 

Cu 0.76  

Zn 0.41  

Sr 0.4  

Rb 0.21  

 

 

Fig 5  EDXRF spectrum peanut hulls red 

 

 

 

 

Fig 6 EDXRF spectrum of magnetic peanut hulls red 

4.2.2 FT IR study    The FTIR spectra of 

native and magnetic peanut hulls biomass were studied 

in the range of 400–4000 cm-1 using (FTIR-8400 

Shimadzu, Japan) Fig 7. The peanut hull is a complex 

material consisted of polyphenol such as catechol, 

pyrogallic acid and m-trihydroxybenzene, mineral, lipid, 

and cellulose, etc. FT IR spectral data showed the 

presence of ionizable groups (carbonyl, hydroxyl) able to 

interact with protons, metal or positive ions and these 

functional groups may be the major biosorption sites for 

dye removal. 

 

Fig 7 FT IR spectra of peanut hulls and prepared 

magnetic peanut hulls(red) 

4.2.3 Scanning Electron Micrograph Images 

The scanning electron photomicrograph of peanut 

hulls illustrated the fibrous nature of the surface 

morphology and changed after coating with ferrofluid 

Fig 8. Coated materials were seen on the surface and 

more pores were observed on the surface of magnetic 

peanut hull red. 

  

(a) (b) 

Fig 8 SEM images of (a) peanut hulls red (b)  

prepared magnetic peanut hulls red 
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4.3 Removal percent of dyes 

In this research, dye removal efficiency of peanut 

hulls, ferro powder and magnetic peanut hulls were 

studied by using methylene blue model solution. Table 

2. and Fig 9 show the removal percent of all samples.  

According to these data, the highest colour removal 

percent of the magnetic peanut hulls red is (97.55 %). 

Therefore dye removal efficiencies of magnetic peanut 

hulls samples is the best. 

Table 2. Dye removal (%) of magnetic peanut hulls (red) 

No. Sample Removal(%) ± 

STD 

1 Ferro Powder 70.91   ±  0.02 

2 Peanut Hulls red 64.23  ±  0.07 

3 
Magnetic Peanut Hulls 

red 
97.55  ±  0.06 

 

Fig 9 Dye removal percent of all samples with model 

solution 

4.4 Removal percent of turbidity           

In this research, applications of the three different 

samples for the treatment of wastewater were studied. 

Wastewater samples were collected from beer factory, 

tap water from analytical Laboratory at Yangon 

University and Pun Hlaing river water. Table 3 shows the 

removal % of turbidity in the wastewater samples after 

treatment with the three different samples. Turbidity of 

wastewater samples from beer factory, tap water 

(laboratory) and Pun Hlaing river water were removed 

by 61.99%, 74.55% and 88.23% using red magnetic 

peanut hulls samples. It was found that, among these 

samples prepared magnetic peanut hulls red showed 

highest removal % from the wastewater samples. Fig 10 

shows the histogram of turbidity percent removal from 

beer factory wastewater, tap water from Laboratory and 

Pun Haling river water by different samples. 

4.5 Removal percent of heavy metal                                                                                                                                  

       In this research, removal efficiencies of the three 

different samples were studied for the treatment of heavy 

metal model solution. Table 4 show the removal % of 

heavy metal from the Cu2+ and Pb2+ model solutions after 

treatment with the three different samples. Magnetic 

peanut hulls (red) sample showed higher removal 

efficiency of Cu2+ (97.12%) than peanut hulls red sample 

(92.59%) and magnetic peanut hulls (red) samples 

removed 100% of Pb2+ and peanut hulls (red) sample 

(98.84%) from aqueous solution. Fig 11 shows the 

histogram of percent removal from Cu2+ and Pb2+ model 

solution by different samples. 

Table 3.  Removal percent of turbidity for beer   factory 

wastewater, tap water (laboratory) and pun hlaing river 

water 

Wastewater Samples 

Samples 

Beer 

Factory  

 Tap Water 

(Laboratory) 

Pun 

Hlaing 

Removal 

% ±STD 

Removal 

% ±STD 

Removal 

% ±STD 

ferro 

powder   
8.80±0.28 2.45±0.11 26.88±0.23 

peanut 

hulls(red) 
49.80±0.14 67.86±0.23 53.38±0.13 

magnetic 

peanut  

hulls(red) 

61.99±0.24 74.55±0.00 88.23±0.13 

 

Fig 10 Comparison of turbidity removal percent 

Table 4. Removal percent of some model Cu2+ and Pb2+ 

solutions by three different samples 

0

20

40

60

80

100

Ferro

Powder

Peanut

Hulls red

Magnetic

Peanut

Hulls red

R
em

o
v

a
l 

P
er

ce
n

t(
%

)

Samples

Ferro

Powder

Peanut Hulls

red

Magnetic

Peanut Hulls

red

0

20

40

60

80

100

wastewater

from Beer

factroy

Tap water

(Laboratory)

Pun Hlaing

R
em

o
v

a
l 

P
er

ce
n

t 
(%

)

Sample 

Ferro powder
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Magnetic Peanut Hulls ( Red)

Sample 

Model Solution 

Cu2+ Pb2+ 

Removal % ± STD Removal%± STD 

ferro powder   83.18 ± 0.60 95.04 ± 0.09 

peanut hulls 

(red) 
92.59 ± 0.03 98.84 ± 0.06 

magnetic 

peanut hulls 

(red) 

97.12 ± 0.42 100.00 ± 0.00 
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Fig 11 Comparison for removal % of some model Cu2+ 

and Pb2+ solutions 

 

5. CONCLUSIONS 

In this study, synthetic magnetic peanut hulls (red) 

were used as materials to remove the xenobiotics from 

wastewaters. In this work, synthetic magnetic peanut 

hulls biomaterial was prepared by treatment with 

magnetic fluids (ferrofluids). The peanut hulls and 

magnetic peanut hulls (red) were characterized by using 

EDXRF, FTIR and SEM. The composition of the peanut 

hulls and magnetic peanut hulls which was determined 

by EDXRF, showed that calcium and iron were the main 

component in the peanut hulls. There were carbonyl and 

hydroxyl groups on the surface of both sample peanut 

hulls and magnetic peanut hulls (red) from FTIR 

analysis. SEM micrographs indicated the porous nature 

of the surface. Therefore dyes can enter the porous of the 

samples. The dye removal (%) of methylene blue 

solution on the ferro powder, peanut hulls and magnetic 

peanut hulls (red), the highest removal efficiency of MB 

by magnetic peanut hulls red (97.55%) were found at 120 

min of contact times. The Magnetic peanut hulls (red) 

showed higher dye removal efficiencies than peanut 

hulls sample. Turbidity removal (%) of wastewater 

samples from beer factory, tap water (laboratory) and 

Pun Hlaing river water were removed by 61.99%, 

74.55% and 88.23% using red magnetic peanut hulls 

samples respectively. Magnetic peanut hulls (red) 

sample showed higher removal efficiency of Cu2+ 

(97.12%). Magnetic peanut hulls (red) samples removed 

100% of Pb2+ from aqueous solution. Peanut hulls are 

readily available and relatively cheaper than synthetic 

resins. Therefore magnetically modified peanut hulls can 

thus be a promising magnetic adsorbent which may be 

used to the removal of dyes and other xenobiotics. 
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ABSTRACT:  This paper focused on investigation of 

the phytochemical constituents, nutritional values, 

antioxidant activity, total phenolic content and 

antimicrobial activity in the fruit of Garcinia 

pedunculata Roxb. ex Buch.-Ham. (Matlin). 

Phytochemical investigation indicated that alkaloids, 

steroids, terpenoids, flavonoids, glycosides, polyphenols 

and organic acids are found to be present. Determination 

of nutritional values such as moisture, ash, protein, fiber, 

fats and carbohydrate were determined by AOAC 

method. The contents are 9.83%, 2.64%, 3.39%, 11.09%, 

1.24% and 71.81%. Total phenolic contents of ethanol 

and watery extract determined by Folin-Ciocaltau 

method exhibited that 67.82 ±1.50 (μg GAE/mg) and 

47.39 ± 1.58 (μg GAE/mg) respectively.  Screening of 

anti-oxidant activity of ethanol and watery extract by 

DPPH free radical scavenging method indicated IC50 = 

49.78 μg/mL and IC50 = 403.49 μg/mL. The 

antimicrobial activity of ethanol and watery extracts of 

both samples were determined against six different 

strains of microorganisms such as Bacillus subtilis, 

Bacillus pumilus, Staphylococus aureus, Pseudomonas 

aeruginosa, Escherichia coli, and Candida albicans by 

using agar well diffusion method.  

KEYWORDS: Phytochemical, nutritional values, anti-

oxidant activity, antimicrobial activity, total phenolic 

content  

1. INTRODUCTION 

      Garcinia pedunculata is a medicinal indigenous 

plant belonging to the Clusiaceae family. The fruit of G. 

pedunculata is commonly known as “Mat Lin” in 

Myanmar. It is very popular fruit in Kachin State and 

available abundantly.  The mature G. pedunculata fruit 

is greenish yellow and is used as an ingredient in cooking 

different types of meat, fish and chicken [2]. The ripe or 

raw fruits are sliced, sun-dried, preserved and used to 

make a beverage for human consumption. This fruit 

extract is reported to possess a variety of 

pharmacological benefits including antioxidant, 

antimicrobial, anti-inflammatory, hepatoprotective and 

cardioprotective properties. G. pedunculata has been 

traditionally used for cooking and as an antiscorbutic, an 

astringent, a cardiotonic, and an emollient. It is also 

utilized in the treatment of chronic catarrh, asthma, 

cough, bronchitis, dysentery, digestion, and fever. (R. 

Kagyung at al., 2010) 

     However, the specific chemical compounds 

responsible for these beneficial effects have not yet been 

identified. The dried fruit of G. pedunculata have been 

reported to contain some benzophenones, pedenculol, 

hydroxy citric acid, garcinol, and cambogin. (A. Sahu at 

al., 1989) Some of which are strong antioxidants.  

Benzophenones and garcinol showed hepatocyte 

protective and anti-inflammatory effects, respectively. 

(M. Mitcheva, at al., 2006) Local people use this fruit for 

fatty liver, Hepatitis, cirrhosis of liver and obesity. 

2. MATERIALS AND METHODS 

2.1 Plant material  

 

 
   Figure 1 Fruit, sliced and small pieces of    

                    G.  pedunculata 

      Plant material was collected from Myitkyina 

Township, Kachin State in November, 2019. The fruit 

were sliced, dried, cut into small pieces and stored in air 

tight container.  

2.2 Preparation of crude extract   

     10 g of dried pieces was extracted with 150 mL 

commercial grade ethanol with the aid of electric shaker 

for 6 hours. It was filtered and evaporated on a water 

bath. Other dried pieces of G.pedunculata were also 

boiled with water to get watery extract. These procedures 

were repeated as required. The dried extracts were stored 

for screening of bioactivities. 

2.3 Phytochemical constituents 

 A few grams of dried pieces of G. pedunculata were 

subjected to the tests of alkaloids, flavonoids, terpenoids, 

steroids, glycosides, organic acids, phenolic compounds, 

polyphenol, tannins and saponins according to the 

standard procedures. (Marini-Bettolo et al., 1981) 

2.4 Nutritional values  

 Nutritional values of G. pedunculata were measured at 

Small Scales Industries Department, Ministry of 

Agriculture, Livestock and Irrigation,Yangon, 

Myanmar. The fat content by soxhlet extraction method, 

the fiver content by acid alkali treatment, protein content 

by Kjeldahl method, ash content by using Muffle furnace 

and moisture by oven drying method have been 

determined.(David.P.,1976) Energy values were also 

calculated.   



Technological University Lashio Journal of Research & Innovation  Vol. 1, Issue: 3 

TULSOJRI September, 2020 101 
  

Energy value (kcal/100g) = 4 × protein + 4 ×             

                                         carbohydrate + 9 × fat 

2.5 Total phenolic contents 

      The total phenol contents of the watery extract and 

ethanol extract in the stems of G. pedunculata were 

determined by UV spectrometric method according to 

Folin-Ciocalteu method (Basma et al., 2011, Kaur and 

Poonam et al., 2014) and garlic acid was used as 

standard. These determinations were carried out at 

Department of chemistry, University of Myitkyina, 

Myanmar. 

     Each extract (1 mg) was dissolved in 0.5 mL 

methanol and 0.5 mL distilled water (1 mg/mL). Each 

extract solution 0.5 mL was mixed with 5 mL of 10% 

FCR solution and incubated for 5 minutes. 4 mL of 

sodium carbonate was added to each tube and stand for 

30 minutes at room temperature. The absorbance was 

measured at 765 nm spectrophotometrically. The 

experiments were carried out in triplicate. The results 

were expressed as microgram of Gallic acid equivalents 

(GAE) per milligram of extract. The concentrations of 

Gallic acid equivalent of each of the plant extracts were 

calculated by using the linear regression equation from 

the standard curve of Gallic acid. Total phenolic contents 

(TPCs) in the fruit sample were expressed as μg Gallic 

acid equivalent per 1mg dry extracts.   

2.6 Antioxidant activity by DPPH free radical           

scavenging assay 

    DPPH (2, 2-diphenylhydrazyl) free radical scavenging 

assay was also chosen to assess the antioxidant activity 

of fruit of G.pedunculata. In the current experiment, the 

antioxidant activities of ethanol and watery extracts were 

determined by DPPH free radical scavenging assay 

(Marinova and Batchvarov, 2011)). These tests were 

performed at Department of chemistry, University of 

Mandalay, Mandalay, Myanmar. In this experiment, six 

different concentrations (6.25, 12.5, 25, 50, 100, 200) 

μg/mL of each crude extracts were prepared in ethanol 

solvent. Ascorbic acid was used as standard and ethanol 

with crude extract was employed as control. The 

determination of absorbance was done at wave length 

517 nm using UV visible spectrophotometer. The 

inhibition percentages were calculated using the 

following formula, 

 

 

 

% inhibition =
Absorbance of DPPH − Absorbance of Sample

Absorbance of DPPH
   x 100 

    IC50 values of standard ascorbic acid and crude 

extracts were estimated by linear regressive equation by 

means of relationship between inhibition % and different 

concentrations of the sample. Mean values were 

compared. 

2.7 Antimicrobial Activity Screening 

 The antimicrobial activities of ethanol and watery 

extracts obtained from both plant samples were 

determined by Agar well diffusion method against six 

different strains of microorganisms such as B. subtilis, 

B.pumilus, S.aureus, P.aeruginosa, E.coli and 

C.albicans by using agar well diffusion method at 

Department of Chemistry, Sagaing University, 

Myanmar. 

3. RESULTS AND DISCUSSION 

3.1 Determination of Phytochemical constituents 

  Important phytochemical constituents found in 

G.pedunculata. (Table 1) are synthesis large variety of 

chemical substances known as secondary metabolites 

which include alkaloids, steroids, flavonoids, terpenoids, 

glycosides, saponin, tannins, and phenolic compounds 

etc. The active principle of many drugs found in plants is 

secondary metabolites. Therefore basic phytochemical 

investigation is vital. 

 

. Table 1 Phytochemical results of G. pedunculata 

 (+) = present   (-) = absent 

 

3.2 Nutritional Value of G. pedunculata. 

         Table 2 represents nutritional values of G. 

pedunculata. According to this table, carbohydrate  

 

content is the most abundant one. Energy value of G. 

pedunculata was 311.96 kcal/100g, calculated by the 

equation mentioned in section 2.4.  

 

 

 

 

No Test 
Extrac

t 
 Reagent Observation Rs 

1. Alkaloids 1%HCL Wagner’s   
Reddish 

brown  
+ 

2. Glycosides H2O 
10 % Lead 

acetate 
White ppt + 

3. 
Organic 

acids 
 H2O 

Bromocre-sol 

green 
Blue black + 

4. Tannin H2O 1%  Geltain White ppt - 

5. 
Carbohydr

-ate 
H2O 

10% α-

napthol, H
2
SO

4
 

Red ring + 

6. Flavonoids H2O 
Mg turning   

con HCl 
Pink + 

7. Steroids EtOH 
CHCL3, 

H
2
SO

4
 

Reddish 

brown 
+ 

8. 
α-amino 

acid 
H2O Ninhydrin Purple - 

9. Terpenoids EtOH CHCL3 H
2
SO

4
 Pink + 

10. 
Polypheno

l 
EtOH 

 1% FeCL
3
, 

[K
3
{FeCN]

6  
 

Greenish 

blue 
+ 

11. Saponin H2O Water Froth + 

12. 
Reducing 

sugar 
H2O 

Benedict’s 

solution 
Brick red - 
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Table 2 Nutritional values of G. pedunculata 

 

3.3 Total Phenolic content of G. pedunculata 

          Table 3 describes the total phenolic content of 

G.pedunculata. Phenolic compounds are important plant 

constituents with redox properties responsible for 

antioxidant activity. (Soobrattee M.A at al., 2005) The 

hydroxyl groups of plant extracts are responsible for 

facilitating free radical scavenging. Phenolic content of 

G.pedunculata was measured using the Folin-Ciocalteu 

reagent in each extract. The results were derived from a 

calibration curve and expressed in Gallic acid 

equivalents (GAE) per mg dry extract weight.   

     According to the results, the ethanol extract possess 

the greater phenolic content (67.82 ± 2.5 (µg GAE/mg) 

than the watery extract (47.39 ± 1.58 (µg GAE/mg).   

Table 3 Total phenolic content of G. pedunculata 

 

3.4 Antioxidant activity of G. pedunculata 

     In Table 4, absorbance, % inhibition and IC50 values 

of ethanol and watery   extracts of G. pedunculata are 

tabulated. 

    Antioxidant activity is due to the typical phenolics that 

are known to be phenolic acids and flavonoids. Phenolic 

acids are a major class of phenolic compounds, widely 

occurring in the plant kingdom especially in fruits and 

vegetables. Phenolic and flavonoids compounds act as 

antioxidants to exert  antiallergic, anti- inflammatory, 

antidiabetic, antimicrobial, antipathogenic, antiviral, 

Antithrombotic, and vasodilatory effects and prevent 

disease such as cancer, heart problems, cataracts, eye 

disorders, and Alzheimer’s. Phenolic and polyphenolic 

compounds, in isolate or associated to 

 According to the current results, G. pedunculata is a 

good source of antioxidant activity. It was found 49.78 

µg/mL) is much more pronounced than the antioxidant 

activity of standard ascorbic acid.  (IC
50

 = 9.48 µg/mL, 

Table 5)  

 

 

Table 4   Absorbance, % inhibition and IC50 values of            

ethanol and watery   extracts of G. pedunculata 

 

Table 5 Absorbance, % inhibition and IC50 values of                 

Standard ascorbic acid 

 

 

 

 Figure 2 Standard calibration curve of ascorbic acid 
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Results 

1 Moisture (%) 9.83 

2 Ash (%) 2.64 

3 Fiber (%) 11.09 

4 Fat (%) 1.24 

5 Protein (%) 3.39 

6 Carbohydrate (%) 71.81 

Extracted 

Sample  
TPC (µg  GAE/mg ± SD) 

Ethanol  67.82 ± 2.5 (µg  GAE/mg) 

Watery 47.39 ± 1.58 (µg  GAE/mg) 

Sampl

e 
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Mean 

Absorbance  

Mean  

% inhibition  
IC

50
 (µg/mL)  

µg/mL EtOH H2O EtOH H2O EtOH H2O 

200 
0.125 0.251 66.58 32.89 

49.78 

 

403.49 

  

  

100 
0.132 0.274 64.71 26.74 

50 
0.165 0.285 55.88 23.80 

25 
0.195 0.294 47.86 21.39 

12.5 
0.220 0.304 41.18 18.72 

6.25 
0.234 0.316 37.43 15.51 

Sample 
Mean 

Absorbance  
λ 

max 
(517nm) 

Mean % 

inhibition  
IC

50
 

(µg/mL)  
Concentration 

(µg/mL)  

100 0.056 85.93 

9.48 
50 0.098 75.38 

25 0.149 62.56 

12.5 0.195 51.01 

6.25  0.234 41.21 
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Figure 3 Plot of oxidative inhibition percent vs.     

             concentration (µg/mL) of watery extract    

 

       
  Figure 4 Plot of oxidative inhibition percent vs          

                concentration (µg/mL) of ethanol extract    

 

3.5 Antimicrobial activity of G. pedunculata 

      Table 6 expresses Inhibition zone diameters of crude 

extracts (water, ethanol, pet-ether and ethyl acetate). 

Antimicrobial activity refers to the process of killing or 

inhibiting the disease causing microbes. 

 

 
   Figure 5 Microbial inhibition zones of different      

                 crude extracts of G.pedunculata 

 

       Various antimicrobial agents are used for this 

purpose. Antimicrobial may be anti-bacterial, anti-fungal 

or antiviral. 

    According to the experimental results, G.pedunculata   

exhibited high antimicrobial activity on all four extracts 

against   six different strains of microorganisms such as 

B. subtilis, B.pumilus, S.aureus, P.aeruginosa, E.coli and 

C.albicans.   

 

Table 6 Inhibition zone diameters of crude extracts    

       
     
  Agar well = 8 mm           (-) No activity             (20 μL/well)   

 

 Test Organisms 

  1. Bacillus subtilis              (-)    No activity 

 2. Bacillus pumilus             (+)   9 –14mm, Low activity 

3. Staphylococcus aureus       (++) 15-20mm,  medium Activity 

4. Psiudomonas auroginosa   (+++) 21mm above, High Activity 

5. Escherichia coli 

6. Agrobacterium tumerfaceins 

4. CONCLUSIONS 

Phytochemical investigation revealed important 

bioactive compounds such as alkaloids, steroids, 

flavonoids, terpenoids, glycosides, polyphenol, 

carbohydrate, organic acids and saponin. Hence, it is 

presumed that these chemical compounds and 

phytochemicals, as well as polyphenols, present in G. 

pedunculata may contribute to the beneficial 

pharmacological effects. Furthermore, G. pedunculata 

has been found to have a good nutritive value, high 

antioxidant activity, high antimicrobial activity and rich 

in total phenolic contents. Therefore, G. pedunculata   is 

conductive to potential health benefits and hence it is a 

valuable domestic product of locality. 
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Inhibition zone diameter (mm) 

1 2 3 4 5 6  

H2O 

 

37.54 

(+++) 

35.71 

(+++) 

38.89 

(+++) 

34.61 

(+++) 

31.39 

(+++) 

34.04 

(+++) 

EtOH 

41.90 

(+++) 

 

40.89 

(+++) 

40.01 

(+++) 

40.58 

(+++) 

38.10 

(+++) 

42.29 

(+++) 

EtOAc 

39.58 

(+++) 

 

37.21 

(+++) 

37.60 

(+++) 

37.24 

(+++) 

37.05 

(+++) 

38.22 

(+++) 

PE 
25.65 

(+++) 

27.98 

(+++) 

21.12 

(+++) 

21.91 

(+++) 

21.46 

(+++) 

26.50 

(+++) 
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ABSTRACT:  Medicinal plants have a long history of 

usage in traditional medicine. In this research work, one 

of Myanmar traditional plants, Catharanthus roseus 

(Thin-baw-ma-hnyo) was selected for chemical analysis. 

The leaves sample of Catharanthus roseus L. was 

collected from Thiri Nandar Street, Pakokku Township, 

Magway Region. Firstly, elemental compositions of 

leaves sample were determined by applying Energy 

Dispersive X-Ray Fluorescence spectrophotometer. 

Total phenolic content of ethanolic leaves extract was 

also determined by Folin-Ciocalteu method using UV 

spectrophotometer. Finally, the antioxidant activity in 

the extract of Catharanthus roseus L. was performed by 

DPPH radical scavenging method. The C. roseus extracts 

contained appreciable levels of total phenolic contents, 

59.43±0.55 mg GAE /g of extract and also exhibited 

DPPH radical IC50, 414.48 ± 10.95 μg/ml. The results of 

the present analysis demonstrated that C. roseus extracts 

are available source of natural antioxidants and might be 

exploited for functional foods and nutraceutical 

applications. 

KEYWORDS: elemental, total phenolic content, 

antioxidant, DPPH radical  

1. INTRODUCTION  

Plants, mainly used for variety of disease related to 

cancer treatment. Plants produce several secondary 

metabolites including alkaloids, flavonoids, saponins, 

steroids, cyanogenic glycosides and terpenoids to protect 

themselves from the attack of naturally occurring 

pathogen, insects’ pests and environmental stresses. The 

minerals in plants are essential for human health as a 

dietary component as well as constituent in the medicinal 

preparation. Antioxidants play an important role as 

health protecting factor - Cragg and Newman (2005). 

Scientific evidence suggests that antioxidants reduce the 

risk for chronic diseases including cancer and heart 

disease. Primary sources of naturally occurring 

antioxidants are whole grains, fruits and vegetables - 

Anonymous (1988). Plants sourced antioxidants like 

vitamin C, vitamin E, carotenes, phenolic acids etc. have 

been recognized as having the potential to reduce disease 

risk - Anonymous (2002). Most of the antioxidant 

compounds in a typical diet are derived from plant 

sources and belong to various classes of compounds with 

a wide variety of physical and chemical properties - 

Sravani and Paarakh (2012). A rapid, simple inexpensive 

method to measure antioxidant capacity of food involves 

the use of the free radical, 2,2-Diphenyl-1- 

picrylhydrazyl (DPPH) which is widely used to test the 

ability of compounds to act as free radical scavengers or 

hydrogen donors and evaluate antioxidant activity - 

Kirtikar and Basu (2006). 

In the present study, elemental composition, 

determination of total phenolic content, and antioxidant 

activity of ethanol extract of Catharanthus roseus L. 

were investigated. The phytochemical screening and 

antimicrobial activity of this sample were analyzed in the 

previously study. 

 

1.1 Scientific classification 

Botanical name – Catharanthus roseus L. 

Family name     - Apocynaceae 

Kingdom          - Planate 

Genus               - Catharanthus 

Species             - C. roseus 

Myanmar name - Thin-baw-ma-hnyo 

English name    - Periwinkle 

Part used           - Leaves 

Medicinal uses -Anticancer, ant diabetic, antimicrobial, 

antioxidant, anthelminthic, antiulcer, 

hypotensive, antidiarrheal, wound 

healing, hypolipidimic, memory 

enhancement 

  

 

 

 

 

 

 

Fig 1. The whole plant and fresh leaves of C. roseus L. 

1.2 Description of plant 

A traditionally used medicinal plant Catharanthus 

roseus is an erected procumbent herb or under the shrub 

containing latex. It grows widely to about 1m tall at the 

subtropical area. The leaves are found to be of ovalto 

oblong, 2.5 - 9.0 cm long and 1.0‐3.5 cm broad, glossy 

green, hairless, with a pale midrib and a short petiole of 

about 1.0‐1.8 cm long and they are arranged in the 

opposite pairs. The flowers look white to dark pink with 

a darker red center and a basal tube of 2.5 - 3.0 cm long 

with a corolla of about 2.0 – 5.0 cm diameter with five 
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petals like lobes. The fruits are found to be a pair of 

follicles of about 2.0‐ 4.0 cm long and 3 mm broad - 

Erdogrul (2002). 

 

1.3 Traditional uses 

In traditional medicine, the periwinkle has been used 

for relieving muscle pain, depression of the central 

nervous system, also used for applying to wasp stings 

and to heal wounds. Its application ranges widely from 

the prevention of diabetes to treatment of stomach ache - 

Gajalakshmi, et al. (2013). 

2. EXPERIMENT 

2.1 Sample collection and preparation  

Health and fresh leaves of Catharanthus roseus 

were collected from Thiri Nandar Street, Pakokku 

Township, Magway Region during flowering period 

from November to January. The leaves were washed 

through tap water and then with sterile distilled water for 

the removal of dust and sand particles. The leaves were 

dried in shade and powdered by hand crushing. The 

powdered samples were hermetically sealed in separate 

polyethene bags. 

2.2 Instruments, Materials and Methods 

Common laboratory tools, commercial grade 

reagents and solvents were used. Relative composition of 

elements was determined by using EDXRF 

Spectrophotometer at department of chemistry, Monywa 

University. The total phenolic content of leaves extract 

was determined by Folin-Ciocalteu method and 

antioxidant activity in the extract was determined by 

DPPH Scavenging Activity Assay at Biotechnology 

Research Department, Kyaukse District, Mandalay 

Region, Myanmar. 

2.3 Determination of total phenolic content in leaves 

extract 

The total amount of phenol compounds in the plant 

extracts was measured by using Folin-Ciocalteu reagent 

Stankovic (2011). The extract was prepared as 1mg/ml 

concentration with dimethyl sulfoxide (DMSO). Briefly, 

100 μL of the extract was oxidized with 450 μL of freshly 

diluted Folin-Ciocalteu reagent (10%v/v). This reaction 

was neutralized by adding 450 μL of 7.5% w/v sodium 

carbonate and then vortexing the samples for 20 sec. 

Next, the samples were incubated at 37°C for 1 hour and 

the absorbance of the resulting blue color was measured 

by using Spectrostar Nano microplate reader at 

wavelength 765 nm. For each sample, three replicates 

were performed. The total phenolic content was 

calculated as gallic acid equivalent (GAE) by the 

following equation: 
 𝑇 = 𝐶 × 𝑉/𝑀           (1) 

T = the total phenolic content in mg g–1 of the extracts 

as GAE,  

C = the concentration of gallic acid established from the 

calibration curve in mg ml–1,  

V = the volume of the extract solution in ml and  

M = the weight of the extract in g. 

Gallic acid was prepared in different concentrations 

with methanol ranging from 300 mg/L to 18.75mg/L. 

 

2.4 Evaluation of antioxidant activity by DPPH 

radical scavenging assay 

The antioxidant activity of plant extracts were 

determined by the DPPH free radical scavenging assay. 

The samples were dissolved in DMSO (10mg/ml) and 

diluted with 50% EtOH for various concentrations. 

Briefly, the reaction mixture containing 50 µL of diluted 

test sample of various concentrations and 50 µL of DPPH 

(300 µmol) dissolved in methanol, was taken in a 96-well 

micro-liter plate and kept standing at 37 ˚C for 30 min. 

The absorbance was measured at 517 nm by using 96 

well microplate reader (Spectrostar Nano, BMG Labtech 

Microplate reader). Ascorbic acid was used as a standard. 

50% EtOH was used as the control and added to the 96-

well plate instead of the sample. Percent Radical 

Scavenging Activity (% RSA) was calculated by using 

the following formula:  

% RSA= [1 – (ABS test sample / ABS control)] X 100 

(2) 

(% RSA) = Percent Radical Scavenging Activity 

ABS test compound = Absorbance of test sample 

ABS control = Absorbance of control 

The IC50 value of the sample, which is the 

concentration of sample required to inhibit 50% of the 

DPPH free radical, was calculated by regressive excel 

program from percent inhibition curve.  

3. RESULTS AND DISCUSSION 

3.1 Elemental compositions of leaves of C. roseus 

leaves 

The elemental compositions of leaves of C. roseus 

were determined by using EDXRF spectrophotometer. 

The result of analyses was presented Table 1 and Fig 2. 

A total of 13 elements Na, K, Ca, Mg, Cr, Fe, Zn, Al, Cu, 

Pb, Cd, Mn and Ni were analyzed. These elements 

played a vital role in the formation of secondary 

metabolites which were responsible for pharmacological 

actions of these elements in this sample. Among these 

elements, Pb and Cd are toxic metals. Pb is nonessential 

element for human body as it causes a rise in blood 

pressure, kidney damage, miscarriage and subtle 

abortion, brain damage, declined fertility of men through 

sperm damage, diminished learning abilities of children 

and disruption of nervous systems - Khan, et al. (2011) 

& Obiajunwa, et al. (2002).  
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Fig 2. EDXRF Spectrum of C. roseus leaves 

Table 1. Results of elemental compositions in C. roseus 

leaves 

 

According to the result, the concentration of Pb in 

extract was 0.00008%. The maximum limit for Pb is 

0.0004% in herbal medicines - Sahito, et al. (2001). The 

value of toxic element Cd for the case of leaves is 

0.00002 %. The maximum limit for Cd is 0.00003 % in 

herbal medicines and products while the dietary intake 

limit is 0.00103 % which is prescribed by World Health 

Organization - WHO (1998). In the present experiment, 

the toxic elements found to be below the prescribed 

maximum limits. Excessive intake can cause poisoning 

in human body.  

3.2 Determination of total phenolic content in leave 

extract of the Catharanthus roseus L. 

The total phenolic content in extract was determined 

by Folin-Ciocalteu reagent using gallic acid as a 

standard. The standard calibration curve of gallic acid 

was shown in Fig 3. The absorbance of prepared sample 

solution was measured by UV spectrometer at max765 

nm. The total phenolic content of extract was determined 

from regression equation for the calibration curve of 

gallic acid (y = 0.0041x + 0.0343, R² = 0.9998). The 

result of total phenolic content of Catharanthus roseus 

L. was found to be 59.43±0.55 mg GAE /g of extract. 

Phenolic compounds are the largest group of 

phytochemicals. Flavonoids, phenolic acids and 

polyphenol are the important groups of dietary phenolic 

compounds that are acting as antioxidants and giving 

protection against cardiovascular disease, cancer and 

aging. And this inhibits the tumour development and 

scavenges the free radicals such as super oxide and 

hydroxyl radicals- Penyaringan Fitokimia, et al. (2016). 

 

Fig 3. Concentration vs Absorbance calibration curve of 

standard gallic acid 

3.3 Evaluation of antioxidant activity by DPPH 

scavenging Activity    assay 

The result of antioxidant activity using DPPH assay 

in standard ascorbic acid and ethanol extract were shown 

in Table 2 and Table3. All data were represented as Mean 

±SD from three replicate experiments. Ascorbic acid was 

used as a positive control for DPPH radical scavenging 

assay and % inhibition of ascorbic acid at 500 g/ml is 

94.63±0.34. The concentration of DPPH used for this 

experiment was 0.3mM. DPPH scavenging reaction 

marked by changes in the solution color from purple to 

yellow after 30 minutes incubation. Measurements were 

performed at a maximum wavelength of 517 nm. The 

percent inhibition curves of ascorbic acid and ethanol 

extract were shown in Fig 4 and Fig 5. And then the IC50 

values were shown in Fig 6. The IC50 values were found 

to be 71.87 ± 1.36 µg/ml for Ascorbic acid and 414.48 ± 

10.95 µg/ml for ethanol extract. According to the results, 

the lower the IC50 value showed the higher free radical 

scavenging activity. In this study, DPPH radical 

scavenging activity of the ethanolic extract of C. roseus 

leaves showed potent free radical scavenging activity. 

Table 2. Percent Inhibition in different concentration of 

ascorbic acid 

Concentration 

(g/ml) 
% Inhibition IC50 (g/ml) 

500 95.03 ± 0.63 

71.87 ± 1.36 

250 81.75 ± 0.80 

125 76.79 ± 1.15 

62.5 45.26 ± 0.80 

31.25 36.64 ± 2.76 

 

 
 

 

 

 

 

 

 

 

Fig 4. Concentration vs Percent inhibition of standard 

ascorbic acid 

No Element Symbol Results (%) 

1 Calcium Ca 3.6190 

2 Potassium K 2.3070 

3 Magnesium Mg 0.5130 

4 Sodium Na 0.4720 

5 Iron Fe 0.1040 

6 Manganese Mn 0.0130 

7 Aluminium Al 0.0035 

8 Zinc Zn 0.0023 

9 Chromium Cr 0.0009 

10 Copper Cu 0.0006 

11 Nikle Ni 0.0006 

12 Lead Pb 0.00008 

13 Cadmium Cd 0.00002 
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Table 3. Percent Inhibition in different concentration of 

ethanol extract of C.roseus 

 

 

 

 

 

 

 

 

 

Fig 5. Concentration vs Percent inhibition of ethanol 

extract of C. roseus 

 

 

 

 

 

 

 

 

 

Fig 6. IC50 values of standard ascorbic acid and ethanol 

extract of C.roseus 

4. CONCLUSION 

In the present research work, Catharanthus roseus 

L. was selected for chemical analysis. Catharanthus 

roseus L. is an important medicinal plant distributed 

throughout the world. The elemental compositions of 

leaves of C.roseus were determined by using EDXRF 

spectrophotometer. A total of 13 elements Na, K, Ca, 

Mg, Cr, Fe, Zn, Al, Cu, Pb, Cd, Mn and Ni were 

analyzed. These elements played a vital role in the 

formation of secondary metabolites which were 

responsible for pharmacological actions of these 

elements in this sample. Among them, two elements of 

toxic metal, Pb and Cd found to be below the prescribed 

maximum limits. Excessive intake can cause poisoning 

in human body. Catharanthus roseus leaves showed 

significant total phenolic content, 59.43±0.55 mg GAE/g 

dry extract and the IC50 value was found to be 414.48 ± 

10.95 µg/ml for ethanol extract. On the basis of results 

of this study, it is clear that C. roseus leaves extract can 

be used as a potential source of easily accessible natural 

antioxidants as well as in pharmaceutical applications. 
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ABSTRACT: This research work concerned with 

preparation and characterization of polyvinyl alcohol-

sodium alginate-gold nanoparticles films.  Gold 

nanoparticles were prepared by chemical reduction 

method using gold (III)chloride. The existence of GNPs 

in colloidal solution was characterized using laser beam 

by Tyndall effect, UV-visible spectroscopy, FESEM and 

SEM-EDX methods. The various ratios of polyvinyl 

alcohol-sodium alginate films (PAF) and polyvinyl 

alcohol-sodium alginate-gold nanoparticles films 

(PAGF) were prepared by solution-casting method. 

Mechanical properties of the films were determined, and 

the optimum ratio was chosen. The most favorable 

conditions for preparing film namely PAGF-4 were 

found to be 80 mL of PVA (4% w/v), 20mL of NaAlg  

(2% w/v), 25mL of GNPs and 25 mL of glutaraldehyde 

(0.025M). PAGF-4 film possessed tensile strength 

(25.1MPa), elongation at break (245%) and tear strength 

(81.4 kNm-1). Moreover, PAGF-4 film was determined 

pH and swelling properties. It was characterized by FT 

IR, SEM and XRD analyses. From these results, it was 

found that PAGF-4 was the optimum condition for the 

preparation of films.  

KEYWORDS: gold nanoparticles, polyvinyl alcohol-

alginate film, mechanical properties, XRD  

1.  INTRODUCTION 

Nanotechnology refers to the creation and utilization 

of materials and systems whose structures and 

components exhibit novel and effectively improved 

physical, chemical and biological processes due to their 

nanoscale size [1]. Nanoparticles are being used for 

medical treatments, cosmetics or clothes, optical devices, 

catalytic and sensor technology [2]. 

Gold Nanoparticles are also named as gold colloids, 

have attracted increasing attention due to their unique 

properties in multi-disciplinary research fields. Different 

colour depending on their size are currently 

manufactured for targeted delivery of biomolecules and 

drugs to selected cells [3]. 

Polyvinyl alcohol (PVA) is a biodegradable 

synthetic polymer, innocuous, non-carcinogenic and film 

forming properties [4]. Sodium alginate (NaAlg) which 

is one of the polysaccharides extracted from seaweed [5]. 

It is capable to keep an environment with adequate 

humidity for healing of wounds. For having rigid 

molecular chain and good film forming ability, sodium 

alginate is used for various branches of industry. For this 

reason, it is expected that mechanical properties of 

sodium alginate (NaAlg) can be improved through 

blending with polyvinyl alcohol (PVA) [6]. The aim of 

this research is to study preparation and characterization 

of polyvinyl alcohol-sodium alginate-gold nanoparticles 

films. 

2.  EXPERIMENT 

2.1 Experiment apparatus  

The apparatus employed in this research consists of 

lab ware, glass ware and the other supporting facilities. 

Some of the instruments used in the experiment are 

Balance, Magnetic     stirrer, Laser pointer, pH meter, 

UV-visible spectrophotometer(UV mini 1240, 

Shimadzu), Casting mold (Melamine plate), Tensile 

Tester , X-ray Diffractometer (XRD) (Rigaku, D-Max-

2200, Japan), and Scanning Electron Microscope (Zeiss, 

Germany). 

2.2 Preparation of Gold Nanoparticles (GNPs) by 

Using Trisodium Citrate as Reducing Agent  

1 mL of 0.03 % w/v of gold(III) chloride was 

distilled water with 39 mL of deionized water in a 250 

mL of conical flask. The solution was stirred at 100 ◦C 

for boiling to obtain solution “A”. Each 1 mL of 0.01 % 

w/v of trisodium citrate, tannic acid and potassium 

carbonate was mixed in a 50 mL beaker. The mixture was 

warmed at 60 ◦C in water bath to obtain solution “B”. 

Solution “B” was added suddenly into the flask 

containing solution “A” and then continuously stirred for 

1 min. Finally, ruby red or wine red gold nanosuspension 

was obtained. The prepared GNPs suspension was 

presented in Figure 1. 

2.3 Characterization of Gold Nanoparticles 

The suspension of gold nanoparticles was confirmed 

by Tyndall effect and UV-visible spectroscopy methods. 

The sizes of the prepared gold nanoparticles were 

determined by using FESEM (Field Emission Scanning 

Electron Microscopy) method. Then the content of 

elements in sample were qualitatively determined by 

mailto:dawthidarkhine@gmail.com
mailto:hninnyu14wai@gmail.com
mailto:chocho.urc@gmail.com
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SEM-EDX (Scanning Electron Microscope – Energy 

Dispersive X-ray Fluorescence) spectroscopic method. 

2.4 Preparation of Polyvinyl Alcohol - Sodium 

Alginate Films (PAF) 

The various ratios of PVA (1, 2, 3, 4 % w/v) solution 

were mixed with NaAlg solution (2% w/v). The mixed 

solutions were heated and stirred for 30 min. Then 25 mL 

of glutaraldehyde (0.025 M) was added to the solution 

and stirred continuously for 10 min. These solutions 

were placed on a cleaned melamine plate and dried in air. 

The melamine plates containing the mixed solution were 

left air dry about 15 days to obtain PVA-NaAlg films. 

The resultant films were denoted as PAF-1, PAF-2, PAF-

3 and PAF-4. 

2.5 Mechanical Measurement of Polyvinyl Alcohol-

Sodium Alginate Films (PAF) 

The prepared PAF films were cut off according to 

the values of tensile strength and percent elongation at 

break were read in JISK 7127 (1987) machine. 

Moreover, tear strength of the films were determined 

according to the following procedure. Test specimen was 

cut off by a single nick (0.05 mm) at the entire of 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 recorder of the machine showed the 

highest force to tear from a specimen. 

2.6 Preparation of Polyvinyl Alcohol-Sodium 

Alginate- Gold Nanoparticles Films (PAGF) 

80 mL of PVA (1, 2, 3, 4 % w/v), 20 mL of NaAlg 

(2 % w/v), 25 mL of gold nanosuspension solution, and 

25 mL of glutaraldehyde (0.025 M) were used for the 

preparation of PVA-NaAlg-GNPs films. The films were 

carried out similar to the above PVA-NaAlg film 

procedure. 

2.7 Mechanical and Physicochemical Measurements 

of PVA-NaAlg-GNPs Films 

The mechanical properties such as tensile strength, 

elongation at break and tear strength of these films were 

determined as mention above PVA-NaAlg procedure. 

The physicochemical properties (such as pH and 

swelling) of samples were measured and characterized 

by conventional as well as modern techniques such as 

UV-visible spectrophotometric method, FT IR, SEM and 

XRD analyses. 

3. RESULTS AND DISCUSSION 

3.1 Preparation of Gold Nanoparticles (GNPs) 

The colloidal gold nanoparticles were prepared by 

using trisodium citrate as reducing agent. The prepared 

gold nanoparticles in solution (colloid) are shown in 

Figure 1(a). The colour of GNPs was ruby red. 

3.2 Characterization of GNPs by Tyndall Effect 

The presence of gold colloidal suspension can be 

detected by the reflection of a clear beam. If the colloidal 

particles are present, the laser beam passed through as 

Figure 1(a) and if the colloidal particles are absent, the 

beam did not pass through as seen in Figure 1(b). 

 

Fig. 1.  Photographs Showing Tyndall Effect of  

(a) Wine Red Gold Nanoparticles (b) Water 

3.3 Determination of GNPs by UV-Visible 

Spectroscopy 

The prepared GNPs was determined by using 

spectrophotometric method. The absorbance of GNPs 

was measured and presented in Table 1 and Fig. 2. The 

maximum absorbance was observed at 520 nm. This 

result is agreed with literature. 

Table 1. Absorbance of the Prepared Gold 

Nanoparticles 

Wavelength (nm) Absorbance 

420 0.323 

440 0.472 

460 0.544 

480 0.672 

500 0.794 

520 0.897 

540 0.777 

560 0.604 

580 0.581 

 

Fig. 2.  Absorbance of the Prepared Gold Nanoparticles 

using Trisodium Citrate as Reducing Agents 

3.4 FESEM Analysis 

The size of GNPs was determined by FESEM 

method. From this result, it was found that the average 

particle size was 81.24 nm and fairly uniform. FESEM 

micrograph of the prepared GNPs was shown in Fig. 3 

and  Table 2. 
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Fig. 3. FESEM Micrograph of GNPs 

Table 2. Average Particle Size of Gold Nanoparticles 

by FESEM Spectroscopy 

No. Particle  
Size 

(nm) 

1. 1st particle  97.49 

2. 2nd particle  64.99 

3. 3rd particle  81.24 

 Average 81.24 

3.5 SEM-EDX Analysis 

The prepared gold nanoparticles were analyzed by 

SEM-EDX. The result was shown in Fig. 4 and Table 3. 

The GNPs obtained from this method has 57.33 % of 

gold content. 

 

 

Fig. 4.  SEM-EDX Spectrum of the Prepared GNPs 

Table 3. Relative Abundance of Elements Percent in the 

Prepared GNPs 

Element Weight % 

             Au  57.33 

             S  18.59 

             O  14.43 

             Si  5.76 

             Na  2.31 

             Mg  1.58 

Total 100.00 

3.6 On the Aspect of Polyvinyl Alcohol-Sodium 

Alginate Film (PAF) Preparation 

Polyvinyl alcohol(PVA)-sodium alginate (NaAlg) 

films were prepared by solution-casting from solutions 

of PVA and NaAlg in distilled water at various volume 

and concentration ratios. After evaporation of the 

solvent, the prepared PAF films were found to be smooth 

surfaces, transparent to be beige colour. 

3.7 Mechanical and Physicochemical Properties of 

Polyvinyl Alcohol-Sodium Alginate Flms (PAF) 

The mechanical properties in terms of tensile 

strength, elongation at break (%) and tear strength are 

important parameters which revealed the nature of films. 

It was found that increasing concentration of PVA 

increases the physicomechanical properties (pH and 

swelling) of PAF films. From the resulting data, PAF-4, 

80 mL of PVA (4% w/v) and 20mL of NaAlg (2% w/v) 

was optimum condition. The mechanical properties of 

prepared films are shown in Tables 4. 

3.8 Preparation and Mechanical Properties of 

Polyvinyl Alcohol-Sodium Alginate-Gold 

Nanoparticles Film (PAGF)  

The PAGF films were prepared with PVA, NaAlg 

and GNPs by using solution-casting method. The 

mechanical properties, pH and swelling properties of the 

prepared films were studied. It can be seen that the 

strength of the prepared films depend on the 

concentration of polyvinyl alcohol. PAGF-4 film was the 

best for the preparation of the films due to mechanical 

properties. These data were presented in Tables 5 to 8 

and Figs. 5 to 7. 

       
 PAGF-1                  PAGF-2 
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PAGF-3                               PAGF-4 

Fig. 5. Photographs of Polyvinyl Alcohol-Sodium 

Alginate-Gold Nanoparticles Films 

Table 4. Mechanical Properties of Prepared Films with 

Various Concentrations of PVA 

Properties 

PVA-NaAlg  Films 

PAF-1 
PAF-

2 
PAF-3 PAF-4 

Tensile 

strength 

(MPa) 
23.8 27.10 28.9 29.7 

Elongation 

at break (%) 
102 124.80 168.0 210 

Tear 

strength 

(kN/m) 
44.7 59.10 92.4 121.8 

PAF-1= 80 mL (1 % w/v, PVA) + 20 mL (2 % w/v, NaAlg)  

PAF-2= 80 mL (2 % w/v, PVA) + 20 mL (2 % w/v, NaAlg)  

PAF-3= 80 mL (3 % w/v, PVA) + 20 mL (2 % w/v, NaAlg)  

PAF-4= 80 mL (4 % w/v, PVA) + 20 mL (2 % w/v, NaAlg)  

 

Table 5. Mechanical Properties of the Prepared PAGF 

Films as a Function of Various Concentrations 

of PVA  

Properties 

PVA-NaAlg-GNPs Films 

PAGF-

1 

PAGF-

2 

PAGF-

3 

PAGF-

4 

Tensile 

strength 

(MPa) 

2.0 7.3 3.0 25.1 

Elongation 

at break 

(%) 

2.5 105 29 245 

Tear 

strength 

(kN/m) 

32.0 50.3 23.3 81.4 

PAGF-1= 80 mL (1 % w/v, PVA) + 20 mL (2 % w/v, NaAlg)  

 +25 mL of GNPs 

PAGF-2= 80 mL (2 % w/v, PVA) + 20 mL (2 % w/v, NaAlg)  

 +25 mL of GNPs 

PAGF-3= 80 mL (3 % w/v, PVA) + 20 mL (2 % w/v, NaAlg) 

 +25 mL of GNPs  

PAFF-4= 80 mL (4 % w/v, PVA) + 20 mL (2 % w/v, NaAlg)  

 +25 mL of GNPs 

 

Fig. 6.   Mechanical Properties of PAGF Films as a 

Function of  Different PVA Concentrations 

 

Table 6. pH Values of the Prepared Samples without and 

with Gold Nanoparticles 

Samples pH Samples pH 

PAF-1 7.6 PAGF-1 8.3 

PAF-2 7.5 PAGF-2 8.2 

PAF-3 7.4 PAGF-3 7.9 

PAF-4 6.9 PAGF-4 7.9 

 

 

Fig.  7.   pH Values of the Prepared Samples without  

and with Gold Nanoparticles 

Table 7. Degree of Swelling of the Prepared Samples 

without Gold Nanoparticles 

Samples Degree of Swelling (%) 

  Time  

(min) 
1 3 5 7 9 11 

PAF-1 85.37 ND ND ND ND ND 

PAF-2 27.59 83.33 84.93 73.17 ND ND 

PAF-3 72.58 77.92 78.21 73.44 ND ND 

PAF-4 49.02 72.04 74.76 68.67 64.75 ND 

ND  =  not detected 
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Table 8. Degree of Swelling of the Prepared Samples 

with Gold Nanoparticles 

Samples Degree of Swelling (%) 

  Time  

(min) 
1 3 5 7 9 11 

PAGF-1 89.65 ND ND ND ND ND 

PAGF-2 34.82 87.68 85.21 75.74 ND ND 

PAGF-3 74.66 79.84 78.56 74.88 ND ND 

PAGF-4 58.66 74.32 78.04 90.23 65.48 ND 

ND  =  not detected 

3.9 Characterization of PAGF-4 Film 

3.9.1 FT IR Analysis 

 

Fig. 8. FT IR Spectrum of PAGF-4 Film  

Table 9. FT IR Spectrum Assignments of  PAGF-4 Film 

Experimental  

Frequency 

 (cm-1) 

*Reference  

(cm-1) 
Band Assignment 

3282 3200-3600 O-H stretching 

2941 2850-2940 sp3-C-H stretching 

(VC-H) 

1713 1705-1750 C=O stretching 

1417 1260-1440 C-H bending of 

CH 

1375, 1328 1300-1380 C-H bending of 

CH3 

1257 1050-1330 C-O stretching 

1088 1000-1125 C-O-C stretching 

and C-O 

stretching 

945, 833 750-1300 C-C (stretching of 

skeletal) 

*[7] 

FT IR data showed that the prepared PVA-NaAlg-

GNPs film (PAGF-4) presented in Table 9 and Fig. 8. 

The bands at 3282 cm-1, 2941 cm-1, 1713 cm-1, 1417 cm-

1, 1088 cm-1 may be due to O-H stretching, C-H 

stretching, C=O stretching, C-H bending and C-O-C, C-

O stretching respectively. 

3.9.2 SEM Analysis 

It was found that the surface morphology of the 

PAGF-4 film was opaque but the surface was smooth. 

SEM micrograph of PAGF-4 was shown in Fig.9. 

 

 

 

 

 

 

 

 

Fig.9.  SEM Micrograph of the PAGF-4 Film 

3.9.3 XRD Analysis 

XRD diffraction was also used to characterize the 

nanoparticles. This experiment involves scattering X-

rays through specifically placed atoms of crystals. The 

diffraction peaks (111), (200) and (220) corresponding to 

37° 57 , 44° 5  and 64° 19 angles. The simplest and 

most widely used method for estimating the average 

crystallite size is from the full width at half maximum 

(FWHM) of a diffraction peak using Scherrer’s equation. 

The crystallite size of PAGF-4 film calculated by this 

method was found to be 26.35 nm. These data are 

presented in Table 10 and Fig. 9. 

Table 10. The XRD Data of PAGF-4 Film  

No. Peak 

(h k l) 

FWHM 

(Å) 

2 Theta 

(degree) 

Crystallite 

Size (nm) 

1. 111 0.340 37.958 25.80 

2. 200 0.520 44.084 17.21 

3. 220 0.272 64.332 36.03 

Average crystallite size 26.35 

 

 

Fig. 10. XRD Spectrum of PAGF-4
 
Film 

4.  CONCLUSION 

In this study, the preparation and characterization of 

polyvinyl alcohol-sodium alginate-gold nanoparticles 

films were investigated. The colloidal gold nanoparticles 

(GNPs) have been prepared by chemical reduction 

method. Using trisodium citrate as reducing agent, wine 

red gold nanosuspension was achieved. The presence of 

a gold colloidal suspension can be detected by the 

reflection of a laser beam from the particles. Therefore, 

the absorbance of prepared gold nanosuspensions were 

 

PAGF-4 
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measured by UV-visible spectrophotometer. The 

maximum absorbance was observed at the wavelength of 

520 nm. GNPs were also characterized by FESEM and 

SEM-EDX methods. From SEM-EDX result, it was 

observed that the size of GNPs was 81.24 nm and gold 

percentage of GNPs had 57.33 %. It was found that the 

prepared GNPs were within the nanoscale sizes. 

The PAF films were prepared by using various ratios 

of PVA (1, 2, 3, 4 % w/v) solutions and 20 mL of NaAlg 

(2% w/v) by solution-casting method. Among them, 

PAF-4 film indicated that tensile strength, elongation at 

break (%) and tear strength were 29.7 MPa, 210 % and 

121.8 kN/m respectively. Then PVA-NaAlg-GNPs film 

were prepared and determined physicochemical 

properties (pH and swelling). The values of pH are 

between 7.9 and 8.3. It was found that PGAF-4 had 

maximum swelling (90.23 %) at 7 min. Again, PAGF 

films were also determined mechanical properties. 

Among them PAGF-4 possessed optimum condition 

(tensile strength 25.1 MPa, elongation at break 245 % 

and tear strength 81.4 kN/m). From these results, it can 

be seen that the mechanical properties of PAGF films 

were improved. 

The prepared PAGF-4 film was determined by FT 

IR, SEM and XRD analyses. FT IR spectrum indicated 

that there was at 3600-3200 cm-1 due to the 

intermolecular hydrogen bonding interaction between 

PVA and NaAlg. Scanning electron micrographs of 

PAGF-4 was opaque but the surface was smooth. From 

XRD analysis, the crystallite size of PAGF-4 had 26.35 

nm. PAGF-4 was the optimum film` for the preparation 

of films. 
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ABSTRACT: In this study the plant of Ocimum sanctum 

Linn. Myanmar named Kala Pinzein was selected for 

determination of antimicrobial, antioxidant activities and 

isolation of bioactive compound. The plant of Ocimum 

sanctum Linn. was collected from Panglong Township, 

southern Shan state in July, 2018.Antimicrobial activity 

was determined by agar well diffusion method and tested 

on six microorganisms such as Bacillus subtilis, 

staphylococcus aureus, Pseudomonas aeruginosa, 

Bacillus pumilus, Candida albicans and Escherichia 

coli. This plant responded against effective antimicrobial 

activity. Among the various solvent extracts, ethyl 

acetate extract was found to possess highest 

antimicrobial activity. Antioxidant activity of this plant 

extract was determined by DPPH radical scavenging 

method. IC50 value of selected plant was (5.65µg/mL) 

which gave significant antioxidant activity by comparing 

with IC50 value of standard ascorbic acid (0.90µg/mL). 

Moreover an organic compound was isolated as yellow 

needle-shaped crystal from ethyl acetate crude extract by 

using thin layer and column chromatographic separation 

techniques. Isolated compound (flavonoid) was 

classified by some colour tests. The isolated compound 

was identified by modern spectroscopic methods such as 

UV-visible and FT-IR spectroscopy. Moreover this 

isolated compound was also identified by joint 

application of its physiochemical properties.  

KEYWORDS: Ocimum sanctum Linn., antimicrobial 

activity, antioxidant activity, isolated compound, 

spectroscopic methods 

1. INTRODUCTION 

Antimicrobial activity refers to the process of killing 

or inhibiting the disease causing microbes. Antimicrobial 

may be anti-bacterial, antifungal or antiviral. They all 

have different modes of action by which they act to 

suppress the infection [1]. 

Antioxidants are compounds that inhibition 

oxidation. Oxidation is a chemical reaction that can 

produce Free radicals, there by leading to chain reactions 

that may damage the cells of organism [3]. Fruits and 

vegetables are good dietary sources of natural 

antioxidants for humans and consumption of them has 

been strongly associated with the reduced risk of chronic 

diseases, such as cardiovascular disease, cancer, 

coronary heart disease and cerebrovascular diseases and 

other health benefits[5]. 

Ocimum sanctum Linn., Myanmar named Kala 

Pinzein is one of the most popular medicinal plants in 

Myanmar traditional medicine. Several medicinal 

properties have been attributed to Ocimum sanctum 

Linn.. Family Lamiaceae is an erect softy hairy aromatic 

herb found throughout India [6]. Different parts of Kala 

Pinzein (leaves, flowers, stem, seeds, roots and even 

whole plant) are known to possess therapeutic potentials 

and have been recommended for the treatment of 

bronchitis, bronchial asthma, malaria, diarrhoea, 

dysentery, skin diseases, arthritis, painful eye diseases, 

chronic fever, insect bites and so on. Ocimum sanctum 

Linn. has also been suggested to possess antifertility, 

anticancer, anti-diabetic, antimicrobial, anti-hepatitis, 

antiemetic, antispasmodic, analgesic and diaphoretic 

action [10]. So, the whole plant of Ocimum sanctum 

Linn. is selected for chemical and pharmaceutical 

investigation.  

In this research work, antimicrobial activities of 

various solvent extracts (water, ethanol, ethyl acetate, n-

hexane) and antioxidant activity of ethanol extract of the 

plant of Ocimum sanctum Linn. were evaluated. Pure 

compound (flavonoid) was isolated from the ethyl 

acetate extract of the plant of Ocimum sanctum Linn. by 

using chromatographic separation methods. 

1.1 Botanical Description of Ocimumsanctum Linn. 

Scientific name  -Ocimumsanctum Linn. 

Family   - Lamiaceae 

Part used - the whole plant 

English Name  - Holy basil or Tulsi 

 

 
Fig. 1.Plant of Ocimum sanctum Linn. 

2. EXPERMENT 

2.1Experimental apparatus  

FT-IR spectrometer (Shimadzu, Japan),UV-visible 

spectrometer (Lambda 40,Perkin Elmer Co. England) 

Rotary evaporator, electrical balance, and column 

(column size: 1.5 × 50 cm) were used. 
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2.2 Sample Preparation and Preliminary 

Phytochemical Tests 

The plant of Ocinum sanctum Linn. (Lamiaceae), 

Myanmar named Kala Pinzein was collected from 

Panglong Township, southern Shan state in July, 2018. 

These were cut into small pieces and air dried at room 

temperature for about one month. Then, the air dried 

samples were stored in a well stopper bottle and use 

throughout the experiment. 

Phytochemical evaluation for major phytochemicals 

was done using standard qualitative methods [2]. Tests 

for presence of alkaloids, carbohydrates, flavonoids, 

glycosides, phenolic compounds, polyphenols, reducing 

sugars, saponins, tannins, steroids and terpenes were 

carried out.  

 

2.3 Determination of Antimicrobial Activities of 

Ocimum sanctum Linn. 

Antimicrobial activity of various solvent extracts 

from Ocimum sanctum Linn.was carried out by agar-well 

diffusion method and tested on six microorganisms.  

1) Samples: The crude extracts of the sample were 

prepared by extracting the sample with different solvents 

like water, ethanol, ethyl acetate and n-hexane by 

percolating method. The extracts (1g of each) were 

introduced into sterile petri-dishes and 1mL of their 

respective solvent. 

2) Procedure: The antimicrobial activity of the 

crude extracts from selected sample was determined 

against six strains microorganisms by Agar-well 

diffusion method. The extract 1 g was introduced into 

sterile petri-dishes and dissolved. The bacteria 

suspension from trypticase soy broth was done evenly 

onto the surface of the trypticase soy agar slant 

immediately after hardening of the agar-well were made 

with a 10 mm sterile cork borer from each extract agar. 

After inoculums had dried for 5 minutes, the agar discs 

were removed and the wells were filled with sample to 

be tested. And then, the plates were incubated at 37 ºC. 

After overnight incubation at 37 ºC the diameter of 

inhibition zone including 10 mm wells was measured. 

This method was used to test antimicrobial action of the 

extracts on 24hours broth culture of the organism used. 

The extracts from sample were tested with six 

microorganisms. The observation was done and the 

inhibition zone diameter and measurements were 

recorded. 

2.4Determination of Radical Scavenging Activity by 

Spectrophotometric Method 

1) Preparation of 100 µM DPPH solution:0.004 g (4 

mg) of DPPH powder was weighed and it was 

thoroughly and gently dissolved in 100 mL of 95% 

ethanol and stored in brown coloured reagent bottle. It 

must be kept in the fridge for no longer than 24 hours 

before use. 

2) Preparation of standard ascorbic acid 

solution:0.01 g (10 mg) of ascorbic acid was weighed 

and was dissolved in 100 mL of 95 % ethanol. The 

various concentrations of standard solution were 

determined by parallel dilution method.1 mL of ascorbic 

acid and 3 mL of DPPH solutions were thoroughly mixed 

for about 15 minutes at room temperature. The 

absorbance of the mixture was measured at 517nm. 

3)  Preparation of test sample solution:0.01 g of sample 

was dissolved in 20 mL ethanol (analar grade). This 

solution was thoroughly mixed at room temperature for 

15 minutes to obtain 500 g/mL of sample solution. The 

various concentrations of sample solution were 

determined by using two fold dilution method.1 mL of 

sample solution and 3 mL of DPPH solution were 

thoroughly mixed for about 15 minutes at room 

temperature. The absorbance of the mixture was 

measured at 517 nm. 

4)Two fold serial dilutions: A two-fold dilution reduces 

the concentration of a solution by a factor of two that is 

reduced the original concentration by one half. A series 

of two-fold dilutions is described as two-fold serial 

dilutions[4, 8, 9, 11]. 

 
Absorbanceof control Absorbanceof sample

%inhibition 100
Absorbanceof control


 

 

 This formula is the calculation of percent inhibition or 

IC50 value. 

 

2.5 Extraction and Isolation of Pure Compound from 

the Whole Plant of Ocimum sanctum Linn. 

1) Extraction and isolation: The air-dried Ocimum 

sanctum Linn.(400g) was extracted in (3.5L) of ethanol 

at room temperature for one month. The ethanol extract 

was concentrated and the residue (10g) was extracted 

with pet-ether. The pet-ether soluble portion was 

removed and the pet-ether insoluble portion was dried at 

room temperature. The dried pet-ether insoluble portion 

was re-extracted with ethyl acetate. The ethyl acetate 

soluble extract was concentrated by rotary evaporator to 

produce a residue (2.0g). This extract was fractionated 

on a column using n- hexane and ethyl acetate to afford 

10 combined fractions. 

2) Isolation of pure compound from plant extract:The 

crude ethyl acetate extract (2.0g) was fractionated by 

column chromatography. A chromatographic column 

(column size: 1.5 x 50cm) was vertically clamped and 

then filled with a small amount of n-hexane. A small 

piece of cotton wood was inserted and tamped at the 

bottom of the column to prevent the packing materials 

falling down. The mixing 25g of silica gel and n-hexane 

was introduced into the column. Throughout the 

experiment, it was examined carefully no to dry 

adsorbent. When the solvent level in the column had just 

reached to the adsorbent, the top was closed. The 

concentrated solution of crude sample that was prepared 

by dissolving 2.0g of crude sample in minimum volume 

of solvent was introduced to the column along the wall 

by the use of pipette.The solvent (n-hexane) was then 

poured into the column. Then the top was opened and 

adjusted the flow rate. A small dried bottle was placed 

under the top of the column to collect theeluent (about 

2mL per bottle) for each fraction. All these fractions 

were checked by TLC and combined the fractions with 

the sameRf values. Totally (10) combined fractions were 

collected. Among them major combined fraction I, 
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isolated compound(yellow needle-shaped crystal) gave 

only one spot on TLC and UV active. Its Rf value is 0.49. 

 

2.6 Classification of Isolated Compound by Some 

Colour Tests 

Some colour tests isolated compound were done on 

TLC chromatograms with various visualizing reagents 

such as 10% lead acetate, Liebermann-Burchard reagent, 

iodine vapour, 1% FeCl3 solution, 1% AlCl3 solution and 

KOH solution were carried out. 

 

2.7 Identification of the Isolated Compound by 

Spectroscopic Method 

The structure of the isolated compound was 

identified by modern spectroscopic methods such as UV-

visible and FT IR spectroscopy. The infrared spectrum 

of isolated compound was recorded by using Fourier- 

transform infrared spectrophotometer (Shimadzu, Japan) 

at the Department of Chemistry, University of Mandalay. 

The resulted FT IR data was applied for the identification 

of functional groups of the isolated compound [7]. 

1) Confirmatory phenolic test and flavonoid test of 

isolated compound: A few amount of isolated compound 

was dissolved in ethanol. A few drop of FeCl3 was added 

into ethanol soluble portion. Colour change was noted. A 

few amount of isolated compound was placed into the 

test tube and was dissolved in ethanol. The concentrated 

hydrochloric acid and small pieces of magnesium ribbon 

were added into this test tube. Colour change was noted. 

 

2.8 Determination of Antimicrobial Activity of the 

Isolated Compound 

Antimicrobial activity of the isolated compound was 

determined by agar well diffusion method and tested on 

six microorganisms. 

3. RESULTS AND DISCUSSION 

3.1 Preliminary Phytochemical Tests of the Ocimum 

sanctumLinn.  

From qualitative determination of phytochemical 

tests, the plant ofOcimum sanctum Linn.consists of 

alkaloids, flavonoids, glycosides, steroids, saponins, 

phenolic compounds, terpenes, reducing sugar, 

polyphenols and tannins respectively. 

3.2 Antimicrobial Activity of the Ocimum sanctum 

Linn. 

The crude extracts in various solvent systems 

forantimicrobial activities were measured by agar well 

diffusion method and tested on six selected 

microorganisms. Resulting data are shown in Table 1 and 

Figure 2. 

Table 1.Antimicrobial Activity of Ocimum Sanctum 

Linn. 

Sample Solvent 
Inhibition zones (Diameter, mm) 

a b c d e f 

O
ci

m
u

m
 s

a
n

ct
u

m
 n-

hexane 

14 

+ 

12 

+ 

17 

++ 

13 

+ 

12 

+ 

13 

+ 

EtOAc 25 

+++ 

27 

+++ 

23 

+++ 

28 

+++ 

23 

+++ 

28 

+++ 

EtOH 18 

++ 

15 

++ 

16 

++ 

17 

++ 

13 

+ 

13 

+ 

H2O 11 

+ 

12 

+ 

16 

++ 

13 

+ 

15 

++ 

12 

+ 

 

Agar well – 10 mm 

(+)  low activity  

(10 mm ~ 14 mm) 
(++)  medium activity  

(15 mm~19 mm)  

(+++) high activity  
 (20 mm above) 

* Organisms* 

aBacillus subtilis (N.C.T.C 8236) 

bStaphylococcus aureus (N.C.P.C 6371) 
c Pseudomonas aeruginosa (6749) 

dBacillus pumilus (N.C.I.B-8982) 

eCandida albicans 
fEscherichia coli (N.C.I.B-8134) 

According to the results of antimicrobial activity 

determination, ethyl acetate extract responded against 

high activity on all tested organisms. The ethanol extract 

showed medium activity on Bacillus subtilis, 

Staphylococcus aureus, Pseumonasaeruginosa, Bacillus 

pumilus and low activity on other tested organisms. The 

water extract responded against medium activity on 

Candida albicans, Pseudomonas aeruginosa and low 

activity on other tested organisms.The n-hexane crude 

extract showed medium activity on Pseudomonas 

aeruginosaand low activity on other tested organisms. 

Therefore, ethyl acetate extract was chosen for isolation 

of organic compound. 

 

Fig .  2. Inhibition zones of antimicrobial activities of 

Ocimum sanctum Linn. 

3.3 Antioxidant Activity of Ocimum sanctumLinn.  

The present study was done for the investigation of 

antioxidant activity of ethanol extract of Ocimum 

sanctum L. In this study, ascorbic acid was used as a 

standard antioxidant. Ascorbic acid is water soluble 

vitamin (antioxidant) that maintains many cofactors in 

the reduced states. The potential antioxidant activity of 

selected sample was assessed on the basis of the radical 

scavenging activity of the DPPH free radicals. 

 

Table 2. % Inhibition and various concentrations of 

standard ascorbic acid 

 

concentratio

n (µg/mL) 
0.25 0.5 1 2 4 

% 

Inhibition 

47.3

9 

49.5

8 

51.4

9 

51.6

7 

57.8

6 

IC50 

(µg/mL) 
0.90 

 

 

 

 

 

 

   

(a) Bacillus subtilis    (b) Staphylococcus aureus 

 

   

(c) Pseudomonas aeruginos       (d) Bacillus pumilus 

 

   

                          (e) Candida albicans                              (f) Eschrichia coli 
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Fig . 3. Plot of % inhibition Vs various concentrations 

of standard ascorbic acid 

Table 3. % Inhibition and various concentrations of 

ocimum sanctum extract 

concentratio

n (µg/mL) 
2 4 6 8 10 

% 

Inhibition 

12.4

2 

33.3

3 

60.0

0 

75.1

5 

79.0

9 

IC50 

(µg/mL) 
5.65 

 

Fig.4. Plot of % inhibition Vs various concentrations of 

Ocimum sanctum Linn. extract 

The IC50 value is a parameter used to measure 

antioxidant activity and it is defined as the concentration 

required for 50% scavenging DPPH radicals under 

experimental condition employed. A smaller IC50 value 

corresponds to a higher antioxidant activity. According 

to Table 2, 3 and Figure 3, 4, concentration of standard 

ascorbic acid and sample extract increase as free radical 

scavenging activities (% inhibition) increase. In 

accordance with Table 3, the half inhibition 

concentration (IC50) of ethanol extract of the whole plant 

of Ocimum sanctumL. was determined as 5.65µg/mL. 

The selected sample was found to show significant 

antioxidant property which is comparable to IC50 value 

of standard ascorbic acid at a specific concentration.  

3.4 Isolation of Pure Compound from Ocimum 

sanctumLinn. 

From the fractionated column chromatography, 10 

combined fractions were collected. Among combined 

fractions, the major combined fraction I gave only one 

spot on thin layer chromatogram (TLC) and ultraviolet 

(UV) active. It was yellow needle shaped crystal. Rf 

value of this pure compound was found to be 0.49. 

1) Classification of isolated compound by some 

colour tests: On the basis of the colour tests, the isolated 

compound was assigned as phenolic compound because 

of brown colouration observed in the treatment with 1% 

FeCl3 solution and grey colour with iodine vapour. So, 

the isolated compound assumed to be anorganic 

compound bearing phenolic group. In the treatment of 

1% AlCl3 solution, the isolated compound gave yellow 

colour spot on TLC. Therefore, the isolated compound 

may be flavonoid. 

Table 4. Colour Tests of Isolated Compound 

Sample  Solvent used Observati

ons 

Type of 

compound 

Compound  Liebermann- 

Burchard, Δ 

- 

Phenolic 

compound 

 10% lead acetate - 

 KOH  

 1%FeCl3 brown 

 1%AlCl3 yellow 

 I2 grey 

2) Identification of functional group of the isolated - 

compound by FT IR spectroscopic method: The FT IR 

spectrum, Figure 5 showed the band at 3200-3500 cm-1 

which was attributed to O-H stretching vibration. The 

band at 3036 cm-1 indicated C-H stretching vibration of 

sp2hydrocarbons. The intense bands at 2931 cm-1 and 

2858cm-1 represented unsymmetrical and symmetrical 

C-H stretching vibration of sp3 hydrocarbons. In 

addition, the band at 1705 cm-1 indicated the C=O 

stretching vibration of carbonyl group. The bands which 

appeared at 1657cm-1 and 1502 cm-1 are C=C stretching 

vibration of aromatic ring. The appearance of C-O-C 

stretching vibration band at 1030 cm-1 revealed ether 

group. The bands at 1450cm-1 and 1362cm-1 indicatedO-

H bending vibration of hydroxyl group. The band at 1176 

cm-1 showed C-C-O stretching vibration ofsecondary 

alcohol. According to FT IR spectral data, isolated 

compound consists of alcohol group, sp3 

hydrocarbons,sp2 hydrocarbons, carbonyl group, ether 

group. 

Fig.5. FT IR spectrum of isolated compound 

3) Identification of the isolated compound by 

usingUV-visible spectroscopy:In the UV-visible 

spectrum of isolated compound, it appeared the 

maximum absorption bands at max 218 nm (1.35) for 

* transition and max 289 nm (1.28) for n* 

transition. In the presence of a few drop of NaOH, the 

absorption band at 218 nm moved to 225 nm and 289 nm 

moved to 334 nm suggesting the presence of phenolic 
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OH group. The UV spectrum of isolated compound was 

shown in Figure (6) and the band assignment was shown 

in Table5. 

Table 5. UV-Visible spectral data of isolated compound 

Solvent λmax (nm) Remark 

EtOH 218 (1.35) *transition 

289(1.28) n* transition          

K band for 

conjugated 

system 

EtOH + 

NaOH 

225 (1.63) 

334 (1.66) 

Bathochromic 

shift 

 

 

Fig.  6. UV-visible spectrum of isolated compound with 

NaOH 

4) Confirmatory phenolic test and flavonoid test of 

isolated compound: A few amount of isolated compound 

was dissolved in ethanol. A few drop of FeCl3 was added 

into ethanol soluble portion. Brown colour was appeared. 

Thus isolated compound presented phenolic 

compound.A few amount of isolated compound was 

placed into the test tube and was dissolved in ethanol. 

The concentrated hydrochloric acid and small pieces of 

magnesium ribbon were added into this test tube. The 

pink colour showed that isolated compound represented 

flavonoid compound. 

Table 6. Some physicochemical properties of isolated 

compound 

Sample Physical 

state 

colour Rf  value 

Compound solid yellow 0.49 

n-

hexane:EtOAc 

1:1 v/v 

 

Table 7. Some physicochemical properties of isolated 

compound 

Sample 

Solubility 

n-

hexane 
EtOAC MeOH EtOH 

Compound - + - + 

(+) soluble,  (-) insoluble 

Table 8. Some physicochemical properties of isolated 

compound 

Experiment Observation Remark 

Rfvalue 0.49 n-hexane: EtOAc 

(1:1v/v ) 

UV (254 and 365 

nm) 

active Conjugated 

doublebond 

present 

1% FeCl3 solution 

test 

brown Phenolic-OH 

present 

1% AlCl3 solution 

test 

yellow May be flavonoid 

I2vapour grey One spot on TLC 

3.5 Determination of Antimicrobial Activity of the 

Isolated Compound 

Antimicrobial activity of the isolated compound was 

measured by agar well diffusion method and tested on 

six selected microorganisms. The resulting data are 

shown in table 9. According to resulting data the isolated 

compound responded against medium activity on all 

tested organisms. 

 

Table 9. Antimicrobial activity of isolated compound 

Sample Solvents 
Inhibition zones (Diameter, mm) 

a b c d e f 

compound EtOAc 17 

  (++) 

18 

(++) 

17 

(++) 

19 

(++) 

18 

(++) 

17 

(++) 

 

Agar well – 10 mm 

(+)  low activity (10 mm ~ 14 

mm) 

(++)  medium activity (15 

mm~19 mm)  

(+++) high activity  (20 mm 
above) 

* Organisms* 

aBacillus subtilis (N.C.T.C8236) 
b Staphylococcus aureus (N.C.P.C 

6371) 

c  Pseudomonas aeruginosa (6749) 
d Bacillus pumilus (N.C.I.B-8982) 

eCandida albicans 

f Escherichia coli (N.C.I.B- 8134) 

 

4. CONCLUSION  

In this study one of Myanmar traditional 

medicinal plants, Ocimum sanctum Linn. was selected 

for chemical and pharmaceutical investigations. 

Preliminary phytochemical screening showed that the 

selected plant has valuable phytochemical constituents. 

In accordance with antimicrobial activity determination, 

the selected plant has significant antimicrobial activity. 

Among the various solvent extracts ethyl acetate extract 

has more effective antimicrobial activity than other 

extracts. So, various solvent extracts of the selected plant 

should be used for treatment of microorganism 

infections. The antioxidant activity of selected plant 

showed high activity compared with the standard 

ascorbic acid. Isolated compound (flavonoid) was 

isolated from this plant. According to FT IR and UV –

visible spectral data, classification of colour tests, 

confirmation of phenolic and flavonoid test, the isolated 

compound may be one of the classes of flavonoids. It 

may be flavone because of FT IR spectrum of the isolated 

compound contains O-H stretching vibration of alcohol 

at 3200-3500 cm-1 and C=O stretching vibration of 

carbonyl group at 1705cm-1. This compound may 

be(flavone)hispidulin. This is one of the constituents of 

Ocimum sanctum Linn.. This flavonoid compound has 

antioxidant, anti-inflammatory and anticancer activities. 

Antimicrobial activity of isolated compound has 

effective activity.  This study supports that Myanmar 

traditional medicine which made the whole plant of 
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Ocimum sanctum Linn. may be used as drug for peoples 

in Myanmar. 

 

Fig.8. Structure of hispidulin 
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ABSTRACT:  In this research, Musa saba peels starch 

was extracted for the preparation of bioplastic by 

sedimentation method. Starch was identified by iodine 

solution test and alcohol test. Furthermore, some 

physicochemical properties such as pH, moisture, ash 

content and solubility of dried starch powder were 

detected by AOAC method. The functional groups 

determination of starch was identified by using Fourier 

Transform Infrared Spectroscopy (FT-IR) analysis. The 

bioplastic films were prepared by using Musa saba peel 

starch, hydrochloric acid, sodium hydroxide and 

glycerol. The prepared bioplastic film was characterized 

by FT-IR analysis. The mechanical properties of 

prepared bioplastic films were determined by ASTM 

standard method. Moreover, thermal properties of 

prepared bioplastic film were investigated by 

Thermogrivimetry-Differential Thermal Analysis  

(TG-DTA). In addition, the biodegradation of prepared 

films was also determined by soil burial method. 

KEYWORDS: Musa saba, AOAC, FT-IR, glycerol, 

ASTM 

1. INTRODUCTION 

 Bananas are consumed widely and produced in a 

large quantity throughout the world (Siti, et al. 2019). Its 

peels are used as feedstock as they have some nutritional 

values (Hassan, et al. 2018). 

  Starch is a naturally occurring biopolymer which is 

available in abundance from various sources. It is easily 

obtained natural polymers, making it attractive as a 

potential bio-based alternative to synthetic polymers. 

Among all the natural polymers utilized in producing 

biodegradable plastics, starch is the highest interest 

owing to its inherent biodegradability in various 

environment, renewability, abundance and cost 

effectiveness (Lu, et al. 2009). In the presence of 

plasticizers (e.g. glycerol) and under shear it readily 

melted and flows, allowing for its use as an injection, 

extrusion or blow moulding material, similar to most 

conventional synthetic thermoplastic polymers (Peet, et 

al. 2007).  

In recent years many scientific groups are working 

on various renewable natural/biopolymer based blends 

and composites. Among different types of biopolymer 

like starch, cellulose, chitosan, etc., starch is one the most 

easily available, cheap and sustainable biopolymer. 

Based on the study of previous reports, it reveals that 

addition of starch to various synthetic polymers not only 

improves the biodegradability of the end material but 

also reduces the cost with better acceptability interns of 

properties (Yu, et al. 2006, Foust, et al. 1997, Sailaja, 

2009). 

In this research paper, Musa saba peels were 

selected for preparation and characterization of starch 

and biodegradable bioplastic films by reducing 

environmental pollution.  

1.1 Scientific Classification 

 

 

 

     

Fig 1. Fruits and Peels of Musa saba 

Family  - Musaceae 

Scientific name - Musa saba 

English name - Saba banana 

Myanmar name - Phee-Gyan-Hnget-Pyaw 

Part used - Peels 

2. MATERIALS AND METHODS 

2.1 Sample Collection  

The Phee-gyan-hnget-pyaw (Musa saba) fruits were 

purchased from Yadanabon market, Mandalay. The fresh 

peels of Musa saba were collected to extract starch and 

then cut into a small pieces. 

2.2 Extraction of Strach from Peels of Musa saba 

Small pieces of Musa saba peels were weighed and 

then they were homogenized with distilled water 

containing sodium metabisulphite (0.3%) at  

a proportion of Musa saba peels: distilled water  

(1:2, w/v). The resulting homogenous solution was 

filtered, squeezed using a flannel filter cloth until dried, 

and collected into a beaker. The resulting suspension was 

kept for 24 hrs, yielding starch sediment. The starch was 

collected by decantation and it was subsequently dried in 

an oven (40-60 ˚C) for 24 hrs. The yield percent of starch 

was calculated by the following equation. 

Yield percent (%) = 
Wt.  of starch (g)

Wt.  of 𝑀𝑢𝑠𝑎 𝑠𝑎𝑏𝑎 peels(g)
 x 100 
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2.3 Qualitative Tests of Musa saba Peels Starch by 

Iodine Solution Test and Alcohol Test 

0.2 g of Musa saba peels starch was dissolved in  

10 mL of distilled water and it was heated in boiling 

water-bath for 30 mins. 2 mL of starch solution was 

placed into the test tube. 2-3 drops of iodine solution was 

added into starch solution. Deep blue coloration was 

formed and starch was present in the test solution. An 

equal volume of ethanol and starch solution was placed 

in the test tube. A few minute later, starch was 

precipitated from solution. 

 

 

 

 

(A)  (B) 

Fig 2. Qualitative Analysis of Starch Extracted from 

Musa saba Peels (A) Iodine Test, (B) Alcohol Test 

2.4 Determination of Physicochemical Properties of 

Starch from Musa saba Peels 

0.2 g of Musa saba peels starch was placed into a 

beaker. 100 mL of distilled water was added and the 

mixture was stirred and warmed on water bath for  

10 mins. Then the mixture was cooled and filtered. pH 

value of the filtrate was determined by using pH meter. 

The moisture content of starch was determined by 

AOAC method (AOAC, 2000). 0.2 g of Musa saba peels 

starch was added into the porcelain basin. It was then 

heated for 1 hr in an electronic oven at 105 ˚C. After 

heating, the porcelain basin was removed and then 

placed in a desiccator for cooling and weighing was 

repeated until a constant weight was obtained. The 

moisture content was represented by the loss in weight 

and calculated by the following equation. 

Moisture Content (%) = 
Loss in Wt.   (g)

Wt.  of Starch Sample (g)
 x 100 

The ash content of starch was determined by AOAC 

method (AOAC, 2000). 0.2 g of starch sample was put in 

muffle furnace for 4 hrs at 600 ˚C. Then the crucible was 

cooled to room temperature and weighed. The process 

was done repeatedly to obtain the constant weight.  

Ash Content (%) = 
Wt.   of Ash (g)

Wt.  of Starch Sample (g)
 x 100 

2.5 Determination of Solubility and Swelling Factor 

Solubility and swelling factor were measured by 

following the method of Leach (Leach, et al. 1959).  

0.2 g of Starch and 10 mL distilled water were mixed 

carefully into a centrifuge tube. The starch suspension 

was kept in a water bath (from 30-95 ˚C). After  

30 mins, starch was cooled at room temperature and then 

it was centrifuged (1000 rpm, 20 mins). The supernatant 

was collected and dried at 105 ˚C for  

24 hrs. 

Solubility (%) = 
Wt.  of Dried Material (g)

Wt.  of Starch (g)
 x 100 

Swelling Factor=  
Wt.  of Centrifugal Residue (g)

Wt.  of Starch (g)−Wt.of Material (g)
 x 100 

2.6 Determination of Paste Clarity 

Paste clarity was measured by the method of Singhal 

(Singhal, 1990). Starch slurry (from 1% to 5% in distilled 

water) was completely gelatinized (95 ˚C, 20 mins) and 

then it was cooled at room temperature. The 

transmittance of starch slurry was measured at 660 nm 

using a UV-visible spectrophotometer at the Department 

of Chemistry, University of Mandalay. Distilled water 

was used as a blank sample. 

2.7 FT-IR Analysis  

The functional groups determination of prepared 

starch and bioplastic film with glycerol were recorded by 

using Perkin Elmer GX system FT-IR spectrophotometer 

at the University Research Center, Department of 

Chemistry, Monywa University. 

2.8 Preparation of Musa saba Peels Fluid Paste 

100 g of Musa saba peels was placed into  

a 500 mL beaker which contains 200 mL of distilled 

water and boiled for 30 mins. After the boiling process, 

the beaker was removed from the hot plate and the water 

was decanted from the beaker and then dried for 30 mins. 

Then the peels were transferred into another clean 

beaker. The peels were poured until a fluid paste was 

formed. 

2.9 Preparation of Musa saba Peels Bioplastic Film 

with Glycerol 

100 mL of Musa saba peel fluid paste was placed 

into a beaker and then mixed with 12 mL of 0.1 M HCl. 

3 mL of glycerol was added into the mixture and stirred 

again. Then 9 mL of 0.1 M sodium hydroxide was added 

and the mixture was stirred once more. After degassing, 

the mixture was poured into a petridish and put in the 

oven at 130 ˚C until to dry. Finally, Musa saba peel 

bioplastic films were obtained. 

2.10 Preparation of Musa saba Peels Bioplastic Film 

without Glycerol 

The Musa saba peels bioplastic film was prepared 

by using the same procedure, mentioned in section 2.9, 

without the addition of glycerol.  

2.11 Determination of Mechanical Properties of 

Bioplastic Film with Glycerol 

Mechanical properties such as tensile strength, 

elongation at break, tear strength and thickness of 

prepared films were measured by ASTM standard 

method at Development Center for Rubber Technology, 

Yangon (ASTM, 2010). 

2.12 Observation of Biodegradation of Prepared 

Films 
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The biodegradability of prepared Musa saba peels 

film was investigated by soil-burial test. Musa saba peels 

film was introduced into the soils. The influence of 

microbial action on the biodegradability was checked 

day by day. 

2.13 Determination of Thermogrivimetry-

Differential Thermal Analysis (TG-DTA) 

The thermal properties of prepared film were 

determined by TG-DTA at University Research Centre, 

Department of Chemistry, University of Mandalay. 

3. RESULTS AND DISCUSSION 

3.1 Extraction of Starch from the Peels of Musa saba 

The starch was extracted from the peels of Musa 

saba and the yield percent of extracted starch was found 

to be 0.951%. 

3.2 Confirmation of Starch by Iodine Solution Test 

and Alcohol Test 

The qualitative analysis of starch in Musa saba peels 

were determined by iodine solution and alcohol tests. 

The observations were described in Table 1. 

 

Table 1. Qualitative Analysis of Starch from Musa saba 

Peels 

Test Extrac

t 

Reagen

t 

Observatio

n 

Resul

t 

Iodine 

Test 

D/W Iodine 

solution 

Deep blue 

color 

+ 

Alcoho

l Test 

D/W Excess 

alcohol 

Two layers 

and starch 

ppt. 

+ 

(+) = Presence (-) = Absence 

According to Table 1, the Musa saba peels consist 

of starch by qualitative tests such as iodine test and 

alcohol test. 

3.3 Some Physicochemical Properties of Musa saba 

Peels Starch 

Physicochemical properties of Musa saba peels 

starch were determined by AOAC method (AOAC, 

2000). The results were shown in Table 2. 

a) 3.4 Swelling Factor of Extracted Starch 

from Musa saba Peels 

Swelling factor of extracted Musa saba peels starch 

was determined by following the procedure of Leach at 

various temperature for 30 mins (Leach, et al. 1959). The 

results were shown in Table 3. 

3.5 Estimation of Paste Clarity of Extracted Starch 

from Musa saba Peels 

Paste clarity of extracted starch was measured by the 

method of Singhal (Singhal, 1990). The results were 

shown in Table 4. 

Table 2. The Results of Physicochemical Properties of 

Musa saba Peels Starch 

No Parameters Results  

1 Moisture content 14.08% 

2 Ash content 5.15% 

3 pH 6.5 

4 Solubility 60% 

According to the results of Table 2, the starch of 

Musa saba peels contains moisture 14.08%, ash 5.15% 

and pH 6.5, solubility 60%, respectively. 

Table 3. Swelling Factor of Extracted Starch from  

Musa saba Peels 

No Temperature (˚C) Swelling factor 

1 40 0.45 

2 50 1.38 

3 60 1.99 

4 70 2.45 

5 80 2.78 

6 90 3.13 

 

Table 4. Paste Clarity Results of Starch from Musa saba 

Peels 

No Starch 

Concentration (%) 

Transmittance 

(%) 

1 1 67.70 

2 2 20.00 

3 3 8.01 

4 4 4.10 

5 5 3.10 

 

3.6 Functional Groups Determination of Extracted 

Starch by FT-IR Spectroscopic Method 

According to FT-IR spectrum (Fig 3(A)), the Musa 

saba peels starch contains O-H stretching vibration of 

alcohol group, C-H stretching vibration of sp3 

hydrocarbon, C-C-O stretching vibration of alcohol 

group, C-O-C stretching vibration of ether group and  

C-H out of plane bending vibration of sp3 hydrocarbon, 

respectively. 

 

 

 

   (A)           (B) 

Fig 3. (A) FT-IR Spectrum of Musa saba Peels Starch 

(B) FT-IR Spectrum of Authentic starch 

 

Table 5. Functional Group Assignments of Musa saba 

Peels Starch 

No Wave number 

(cm-1) 

Assignments 
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1 

3282.38 O-H stretching 

vibration of alcohol 

group 

2 

2919.08 C-H stretching 

vibration of sp3 

hydrocarbon 

3 
1633.74 O-H bending vibration 

of alcohol groups 

4 
1441.2,1320.10 C-H in plane bending 

vibration of ether group 

5 1149.9,1016.55 C-O-C stretching 

vibration of ether 

6 777.1 C-H out of plane 

bending vibration 

 

3.7 FT-IR Spectroscopy Analysis of Musa saba Peel 

Bioplastic Film with Glycerol 

The FT-IR spectrum (Fig 4) of Musa saba peel 

bioplastic film indicated O-H stretching vibration of 

alcohol group, C-H stretching vibration of sp3 

hydrocarbon, C-C-O stretching vibration of alcohol 

group, C-O-C stretching vibration of ether group and  

C-H out of plane bending vibration of sp3 hydrocarbon. 

 

 

 

 

Fig 4. FT-IR Spectrum of Musa saba Peels Bioplastic 

Film 

3.8 Two Types of Bioplastic Films from Musa saba 

Peels 

Musa saba peels bioplastoc films with and without 

glycerol were shown in Fig 5 (A) and (B). 

 

      (A)            (B) 

Fig 5. Musa saba Peels Bioplastic Films  

(A) with glycerol (B) without glycerol 

3.9 Mechanical Properties of Musa Saba Peels 

Bioplastic Films 

The results of mechanical parameters such as 

thickness, tensile strength, elongation at break and tear 

strength were described in Table 7. 

According to investigation of mechanical properties 

of prepared bioplastic films, films with glycerol are 

better than films without glycerol. Film with glycerol had 

thickness of 0.12 mm, the tensile strength value of 0.33 

MPa, the elongation value of 5% and tear strength value 

of 1.67 kN/m. 

 

Table 6. Functional Group Assignments of Musa saba 

Peels Bioplastic Film 

No Wave number 

(cm-1) 

Assignments 

1 
3304.24 O-H stretching vibration 

of alcohol group 

2 
2937.81, 2885.4 C-H stretching vibration 

of sp3 hydrocarbon 

3 
1605.78 O-H bending vibration of 

alcohol groups 

4 
1415.32, 1315.13 C-H in plane bending 

vibration of ether group 

5 1103.46,1034,.42 C-O-C stretching 

vibration of ether 

6 921.11, 779.15 C-H out of plane bending 

vibration 

 

Table 7. Mechanical Properties of Musa saba Peels 

Bioplastic Films 

Bioplasti

c Film 

Thicknes

s (mm) 

Tensile 

strength 

(MPa) 

Elongation 

at break 

(%) 

Tear 

strength 

(kN/m) 

Film with 

glycerol 

 

0.12 

 

0.33 

 

5 

 

1.67 

Film 

without 

glycerol 

 

0.05 

 

0.23 

 

3 

 

1.2 

 

3.10 Observation of Biodegradability of Prepared 

Films 

The biodegradability of the Musa saba bioplastic 

films were carried out by soil burial test. After three days, 

the biodegradation of bioplastic film with glycerol and 

without glycerol were to be completely decayed. The 

starch content consumed by soil microorganisms, soil 

fracture the polymer chain thus cause the biodegradation.  

 

 

 

 

 

Fig 6. Physical Appearance of Musa saba Peels Films 

after Three Days of Burial 

3.11 Thermal Analysis Data of Bioplastic Films with 

Glycerol 

According to the TG-DTA analysis, two stages in 

weight loss were found out. The nature of decomposition 

such as the release of free water as well as the liberation 

of volatile materials and combustion between 50 ˚C and 

540 ˚C was presented. An exothermic peak at 510.62 ˚C 
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gives the complete degradation of the bioplastic film and 

weight loss is 81.65%.  

 

Fig 7. TG-DTA Spectrum of Bioplastic Film with 

Glycerol 

Table 8. Thermal Analysis Data of Musa saba Peels 

Bioplastic Films 

 

Temperature 

(˚C) 

 

Weight 

loss 

(%) 

 

Peak 

nature 

 

Remark 

 

 

510.62 

 

 

81.65 

 

Exothermic 

peak at 

510.62 ˚C 

 

Complete 

degradation 

of 

bioplastic 

film 

 

 

4. CONCLUSION 

In this research, starch-based bioplastic films from 

the peels of Musa saba were performed. Starch was 

extracted from Musa saba peels by sedimentation 

method. The qualitative tests for Musa saba peels starch 

which gave to positive results both in iodine solution test 

and alcohol test. 

Then, the physicochemical properties of starch were 

studied. According to experimental results, starch 

indicated deep blue color in iodine test, precipitated in 

two layers by alcohol test. 0.951% of starch was 

extracted from Musa saba peels. 6.5 of pH, 14.08% of 

moisture content, 5.15% of ash content, 60% of 

solubility were observed in starch of Musa saba peels. 

FT-IR spectrum of the product displayed the presence of 

O-H, C-H, C-C-O and C-O-C absorption peaks. 

Musa saba peels films were prepared by with 

glycerol and without glycerol. According to mechanical 

properties, films with glycerol are better than films 

without glycerol. Films with glycerol had thickness of 

0.12 mm, the tensile strength value of 0.33 MPa, the 

elongation value of 5% and tear strength value,  

1.67 kN/m. From the TG-DTA analysis, the complete 

degradation temperature of film was 510.62 ˚C at 23.82 

min. In soil-burial test, films were found to disappear 

completely after 3 days. 

Based on the results obtained, it could be concluded 

that the waste materials, peels of Musa saba, which are 

available in large quantity in Myanmar is a good source 

of starch for the production of biodegradable plastics. 

Hence, Musa saba bioplastic film should be used as 

a ecofriendly materials instead of non-biodegradable 

plastics with low cost and reducing global warming form 

the point of mechanical properties. 
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ABSTRACT:  Biogas is a by-product of the biological 

breakdown under oxygen free conditions of organic wastes 

such as plants, crop residues, wood and bark residues, and 

human and animal manure. Organic waste materials can be 

divided into carbon rich and nitrogen rich materials. The 

digester bacteria uses carbon about 30 times faster than it 

uses nitrogen. The ratio of carbon to nitrogen (30:1) will 

permit digestion and gas production to proceed at the best 

possible rate. Carbon to nitrogen ratio of the fresh water 

lettuce was 27. The biogas production rate from the 

experiment was 166cm3/hr.. This amount was obtained by 

the optimum dilution ratio(1:0.5) of water lettuce and water 

when the whole part of the plant was fed into the digester.  

KEYWORDS: biogas production, digester bacteria,  

organic waste, water lettuce, optimum dilution ratio 

1. INTRODUCTION  

 The raw materials of biogas digestion are organic 

plant and animal matter. The organic matter can be animal 

manure, crop waste, and weeds from lakes and rivers as 

well as from land, or the organic waste from restaurants, 

market places, slaughter houses, and factories that use a 

fermentation process. M.Arnott. (1985) 

 Organic waste can be divided into two groups: carbon 

–rich such as grass and crop stalks, leaves, weeds, and 

nitrogen-rich such as urine, human feces, and the manure 

of  pigs, cattle, and chicken manure. The carbon – rich 

waste contains a lot of carbon cellulose, which promotes 

biogas production, and the nitrogen – rich waste provides 

nutrients which promote the growth and reproduction of 

anaerobic bacteria. Experiments have shown that biogas 

production can be increased if the various organic wastes 

can be fed into the digester in correctly balanced 

proportions. M.Arnott. (1985) 

 Organic waste materials for gas and fertilizer 

production include crop wastes, grass, urine, and the 

manure of people, pigs, cattle, and chicken. 

 If the wastes are mixed before going into the digester, 

more gas and a better fertilizer will be produced, because 

there will not be any undigested lumps of manure going 

through the digester. The solids to liquids ratio can be kept 

closer to the idea ratio of the manure plus plant waste  then 

to use to make digester slurry. 

 In order to raise the biogas production level, all plant 

waste (but not manure) must be composted  for a short time 

before it is put into a digester. Plants must first be 

composted for seven to ten days so that the biogas bacteria 

will be able to digest the plants and produce biogas. The 

alternative is undigested plant waste floating on the surface 

of the slurry, forming a scum layer which will not 

decompose and will stop biogas from getting out of the 

slurry. 

 When plants have been composted with lime or an 

enzyme for a short time before being put in a digester, the 

waxy surface layers of the plants are broken down, which 

in turn speeds up the breakdown of the fibrous material in 

the plants. Shredding, grinding, or pulping plants into very 

small pieces before they are composted increases the 

amount of plant surface area which is exposed to the air, 

making it easier for the compost rotting process of aerobic 

decomposition to break the plant fibers down enough. So 

that the biogas rotting process of anaerobic decomposition 

can produce biogas. 

 Another benefit of partial composting is that it brings 

down the carbon/nitrogen ratio of the plants, which is often 

up around 60/L to 100/L. After one week of composting, 

the carbon/nitrogen ratio can be reduced to between 16/L 

to 21/L , carbon nitrogen ratios that are much closer to the 

ideal environment for methane producing bacteria to live 

and grown in. 

 Different plants and different times of the year require 

different amounts of partial composting to get them ready 

for digesters. In general, composting, should take only 

seven to ten days during hot weather (30°C and above) and 

10 to 15 days during cool weather (20 degrees centigrade 

and below). Too much composting, and too little 

composting, will both decrease biogas production levels; so 

the best thing to do is to try different lengths of time and 

use what works best. M.Arnott. (1985) 

1.1. Pistia stratiotes L. 

 Water lettuce (Pistia stratiotes L.) commonly known 

as belongs to Araceae. It also known as, water cabbage, 

Nile cabbage, or shellflower is a free floating aquatic plant 

of streams, lakes and ponds (Sanchez-Galvan et al., 2013). 

Taxonomical classification is following:  

Family: Araceae  

Genus: Pistia L.  

Species: P. stratiotes  

Scientific name : (Pistia stratiotes L.) 

Myanmar name : Yayzalat 

Part used : the whole part of the plant 

 The leaves are light green, with parallel veins, wavy 

margins and are covered in short hairs that form basket-like 

structures that trap air bubble. Leaves are approximately 

10-20 cm long and 10-17cm wide and of fan-shaped having 

parallel venation, blunt apex, and entire margin. Around 7-

15 veins run parallel from the base. The lower surface is 
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covered with whitish hairs. The plant forming rosettes up 

to 15 cm across that may resemble ordinary lettuce (Coelho 

et al, 2005). It is known for its efficient nutrient uptake 

ability and something coupled to its fast-growing capacity 

that in many places has turned water lettuce into a strongly 

invasive plant (Šajna et al, 2007; Lu et al, 2010). The plant 

forms dense mats on the water surface and grows at a rate 

of 60-110 t DW ha-1 yr-1 (Mishima et al, 2008). 

  

Fig. 1. Water lettuce, Pistia stratiotes L. 

2. EXPERIMENTAL 

2.1 Collection of Raw Materials  

       Water Lettuce ( Pistia stratiotes L.) was used as the 

raw material for batch type of biogas production. The water 

Lettuce was collected from the fresh water lake at creek in 

front of Namtu River, Namtu Township. 

2.2 Collection of Starters  
The majority of process in biogas production was done 

with water Lettuce as raw materials. Cattle manure (cow 
dung) was used as a starter. They were collected from 

animal husbandry.  

2.3 Pretreatment of Water Lettuce 

Water Lettuce used as raw material were washed 

manually with tap water to remove dirt and waste. After 

washing, they were cut into small pieces. Water lettuce  is 

the organic residue, consisting largely of cellulose, which 

is left after the other carbohydrates and protein have been 

removed by lime treatment. So they were then composed in 

lime solution for five days which was adjusted at pH 9 to 

10. Next the water Lettuces were removed from lime 

solution and they were used as inputs in digesters. 

2.4 Process Running for Anaerobic Digestion 

 Water Lettuce and water were diluted with various 

ratios (1:0.5, 1:1, 1:1.5, 1:2) (by volume) and mixed with 

20% (by volume) cow dung starter. Then the diluted 

mixture was sent to the digester 1, 2, 3 and 4 respectively. 

The aim of dilution ratio may be not only to reduce 

retention time but also to increase the yield of  

biogas.[ S.K Subramanian (1978)] 

 The biogas was evolved within a few hours. The 

evolved gas was collected by the downward displacement 

of water. The volume of evolved gas was recorded hourly. 

` The pH of the slurry in the digester was measured 

thrice a day by pH paper. The pH was adjusted at 7-8 with 

lime water. The digester was thoroughly shaken manually 

thrice a day. 

       Similarly, the temperature of the slurry was measured 

three   times a day. These data are recorded from 6:00 am 

to 6:00 pm for 20 days. 

2.5 Batch Type Experimental Set Up for Lab Scale 
Digester 

 

1. Digester (20 L) 

2. Plastic basin 

3. Gas Jar (1L) 

4. Thistle funnel 

5. Plastic Pipe 

6. Stopper 

Fig. 2  Anaerobic digestion apparatus 

      The water Lettuce as above preparation was filled in the 

digester (20 liter (P.E.T) bottle) and capped tightly with 

rubber stopper. The rubber stopper had two holes for lime 

water inlet and the biogas outlet. L-Bend was joined with a 

plastic pipe. 

      The plastic pipe entered the inverted measuring 

cylinder containing water in the water basin. Another 

plastic pipe coming out from the measuring cylinder was 

closed. All the junctions were sealed with epoxy glue to 

ensure that there was no leakage within the system. The 

apparatus was set up as shown in figure1.  

II. 3 RESULTS AND DISCUSSION 

 An anaerobic digestion of water Lettuce with various 

ratios of water dilutions gives variety results of gas 

production rate. The gas volume rate for various dilutions 

ratios of water Lettuce are shown in Table 1 to Table 4 and 

figure 2, to choose the optimum dilution ratio among them. 
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Table 1 The Average Gas Volume rate, pH, Temperature      

             of Water Lettuce and Water ratio (1:0.5) 

Time 

(day) 

Gas volume rate 

(cm3/hr) 
pH Temperature 

1 180 7 23 

2 199 7 20 

3 190 7 25 

4 180 7 25 

5 185 7 25 

6 190 7 24 

7 195 7 24 

8 195 7 25 

9 188 7 25 

10 198 7 23 

11 190 7 24 

12 180 7 24 

1 168 7 23 

14 170 7 24 

15 160 7 24 

16 150 7 25 

17 140 7 27 

18 100 7 28 

19 90 6.8 29 

20 68 6.8 28 

 From the above Table 1, the average gas volume rate 

is166cm3/hr while the average gas volume rate is 

102cm3/hr in the following Table 2. 

Table 2 The Average Gas Volume rate, pH, Temperature      

             of Water Lettuce and Water ratio (1:1) 

Time 

(day) 

Gas volume rate 

(cm3/hr) 
pH Temperature 

1 110 7 25 

2 100 7 24 

3 110 7 24 

4 100 7 23 

5 120 7 23 

6 125 7 20 

7 120 7 25 

8 105 7 25 

9 125 7 25 

10 120 7 24 

11 110 7 24 

12 105 7 25 

13 100 7 25 

14 95 7 23 

15 95 7 24 

16 100 7 24 

17 90 6.5 23 

18 80 7 24 

19 75 6.5 24 

20 60 7 25 

 

Table 3 The Average Gas Volume rate, pH, Temperature  

of Water Lettuce and Water ratio (1:1.5) 

Time 

(day) 

Gas volume rate 

(cm3/hr) 
pH Temperature 

1 100 7 24 

2 105 7 24 

3 110 7 25 

4 110 7 25 

5 90 7 20 

6 110 7 24 

7 110 7 23 

8 105 7 23 

9 105 7 20 

10 110 7 25 

11 95 7 25 

12 100 6.5 25 

13 120 6.5 24 

14 100 7 24 

15 70 6.5 25 

16 80 7 25 

17 60 7 23 

18 60 7 24 

19 50 6.5 24 

20 60 6.5 23 

From the above Table 3, the average gas volume rate 

is 92.5cm3/hr while the average gas volume rate is 

69cm3/hr in the following Table 4. 

Table 4 The Average Gas Volume rate, pH, Temperature     

             of Water Lettuce and Water ratio (1:2) 
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Time 

(day) 

Gas volume rate 

(cm3/hr) 
pH Temperature 

1 100 7 22 

2 110 7 24 

3 80 7 24 

4 90 6.5 23 

5 80 7 23 

6 80 6.5 20 

7 85 7 25 

8 75 6.5 25 

9 80 7 25 

10 70 6.5 24 

11 70 7 24 

12 60 6.5 25 

13 65 6.5 25 

14 70 7 23 

15 70 6.5 25 

16 50 6 24 

17 45 6.5 24 

18 45 6.5 25 

19 40 6.5 25 

20 20 6.5 23 

In general, dilution ratios are supposed to be optimum 

between 1:1 and 1:1.5 in various countries. However, the 

influence of the kind of raw material on the dilution ratio 

should not be forgotten whenever the dilution ratio is 

considered. 

    The normal activity of the methano microbe requires 

about 90% water in the fermentation material and 8-10% 

solids. The dilution should be made to maintain the total 

solids from 7 to 10%.                                                 

 

Fig. 3 The gas volume rate for the various dilution            

ratios of water Lettuce 

       Water content of water Lettuce is 91.25% .  It is 

optimum content for the normal activity of the methano 

microbe. Water Lettuce with too much water, the rates of 

gas production in the digesters was fall. The more the water 

content, the less the gas production rate. So water Lettuce 

and water ratio (1:0.5) is the optimum dilution ratio of my 

experiment. 

 

4. CONCLUSIONS 

 The biogas production through anaerobic digestion is 

the simplest way to extract energy from waste materials but 

it is associated and affected by multiple factors in last 

decades many technologies for pre- and post process of 

biogas production are innovated to achieve the maximum 

biogas production. This may include the pretreatment 

microbes, process control and monitoring, co digestion, 

phase separation and biogas purification. However, these 

technologies are needed to be integrated with each other in 

such a way that it enhances the biomethane generation with 

the economic and sustainable approach.  

 By studying the results obtained from this experiment; 

the maximum biogas production of water lettuce was 

achieved various dilution ratio with water lettuce. Water 

lettuce and water rtatio (1:0.5) is the optimum dilution 

ratio. The maximum biogas production was 166cm3/hr.. As 

a result, water lettuce can be utilized as a substrate for 

anaerobic digestion of biogas production. Different kinds 

of raw materials such as rice straw, wheat straw, corn 

stalks, etc. should be investigated to determine the 

characteristics and yield of biogas. The anaerobic digestion 

should be investigated by varying the ratios of dilutions 

.The lab scale digesters should be taken place by varying 

the temperature between the mesophilic range and 

thermophilic range and then should be determine the gas  
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