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Abstract 

This study of a total of 103  blue swimming crab (Portunus sp.) 

specimens (60 males and  43 females) collected from the seafood 

 market in Yangon was studied during May 2022 to April 2023. The 

morphometric characteristics were measured and the length-weight 

relationship, and condition factors of males, females and both sexes 

were observed. The sex ratio of the collected samples was also 

calculated. All the R
2
 values were > 0.8 and it indicated the  strong 

positive correlation between the increase of body weight and the 

carapace length as well as carapace width. The observed K values 

calculated from the length were males (42.59 to 76.31), females (44.09 

to72.46), and both sexes (42.59 to 76.31) while the K values calculated 

from the width were males (3.77 to6.96), females (4.19 to 6.81), and 

both sexes (3.77 to 6.96) respectively. Regarding growth pattern,  b 

values of female specimens (b =3) showed isometric growth, which 

refers to the growth  rate of  the carapace length/width was 

proportionately equal in ratio to the growth rate of body weight in this 

study. On the other hand, a positive allometric growth pattern (b>3) 

 expressed in male specimens indicated that the growth at a rate of 

carapace length/ width is different from the growth of body weight. This 

study indicates the habitat of this Portunus sp. is in the healthy aquatic 

environment of Myanmar's coastal region. The fruitful information 

noted in the present study could provide a productive management of 

biodiversity in the marine ecosystem in Myanmar and assist with the 

food resource management in the local  as well as export of Portunus sp. 

as a commodity. 

Keywords: carapace length-body weight relationship, carapace width  

      body weight relationship, growth pattern, sex ratio,    

      condition factor 
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Introduction 

There are approximately 4,500 known species of crab worldwide 

(Sternberg and Cumberlidge, 2001). The crab inhabits almost all marine 

environments around the world, from the coast to the deep sea and from 

polar waters to the tropics (Boschi 2000) and (Muse et al., 2019).   

The blue swimming crab, Portunus pelagicus (Linnaeus, 1758) is 

one of the most economically important crab species due to high 

commercial demand. The distribution of this species is concentrated in 

Southeast Asian waters in a variety of habitat, i.e. from intertidal areas to 

habitats of 65 m depth, in benthic areas covered by seagrass and algae, or 

even along a stretch of beach in substrates of mud, clay, or sand (Hamid et 

al., 2018).  

Numerous studies have assessed carapace width-weight 

relationships of blue swimming crabs, Portunus spp. Myanmar possesses 

long coastal regions and rich marine creatures. Blue swimming crabs 

(Portunus spp.) have become popular day by day, like mangrove crabs 

(Scylla spp.) with, a high demand of sea food locally and abroad. The 

scientific studies of morphological characters, morphometric and meristic 

measurements of blue swimming crabs are very few in Myanmar.  

Therefore this present study was carried out with the following objectives. 

(1) to access the length-weight (carapace length-body weight) relationships 

(2) to access the  width-body weight (carapace width-body weight) 

relationships 

(3) to evaluate the value of  condition factor (K) 

(4) to observe  the sex ratio of the blue swimming crabs (Portunus sp.) in 

seafood market. 

  

Materials and Methods 

 Sample collection 

  The blue swimming crabs specimens were collected by purchasing 

from the sea food markets biweekly (Plate 1A & 1B) . The study period 

lasted from May 2022 to April 2023. 
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 Data collection 

 Specimens were coded  individually as 1ZP - 1 to 1ZP - 103.  The 

measurements of Body Weight (BW), Carapace Length (CL) and Carapace 

Width (CW) were taken individually. To be more accurate, Pan digital 

spring scale (Saigon, Vietnam) and digital balance  (CE brand, China)  were 

used for measuring BW (Plate 2A). Measuring tape was used to measure 

CW and CL, from the edge of the frontal region to the tip of the back wall 

of the carapace (Plate 2B) and CW, from the tip of the left dorsal spine to 

the tip of the right dorsal spine (Plate 2C) . The data set was recorded by 

filling up in data sheet and also by taking photos.  The measurements were 

taken follow after Lai et al., 2010. The individual specimen was checked for 

the sex and recorded. The specimens showing the biggest and smallest in 

the measurements were preserved in 90 % ethanol (Plate 1C) .   

 

Data analysis  

The following data analyses were carried out. 

 

The length-weight relationship and width-weight relationship 

Length-weight regression analysis was performed using the Data 

Analysis package in Microsoft Excel 2010. Statistical tests and scatter plots 

were performed using Statistical Package for Social Science (SPSS) version 

26.  

The growth pattern of the carapace length -weight relationship and 

carapace width-weight relationship were determined based on the value of 

growth coefficient “b” values using t-tests at p = 0.005. The growth pattern 

was categorised as follows: isometric if b=3, negative allometric if b < 3, 

and positive allometric if b > 3 (Begenal and Tesch, 1978). The student’s t-

Test was conducted to confirm the b values obtained in the linear 

regressions applied by the following equation (Sokal and Rolf, 1987). 

Weight as the variable y (dependent) and carapace width as the 

variable x (independent) were used to conduct the analysis. The carapace 

length-body weight and carapace width- body weight  relationships were 

estimated using the power function equation y = a , where y: is the response 

variable, x: is the predictor variable, a and b are the regression coefficients 

that describe the relationship between x and y. The steps of performing 
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power regression in Excel have been followed in drawing scatter plots. The 

linear equation was fitted separately for males, females, and both sexes. The 

coefficient of determination in %, (R
2
) was determined to show the 

explained variation in the percent of the total variation on the regression 

line. ts = (b-3)/Sb 

Where   = t-test value; b = slope and  Sb = standard error of the slope. 

Condition factor (K) 

Condition Factor (K) was calculated by using the following  formula 

according to Gayanilo and Pauly (1997). 

K = 100*(BW/CL
3
)  

Where K = Condition Factor, BW = Body Weight,                               

CL = Carapace Length, CW = Carapace Width.  

      

  

 

(A) (B) (C) 

Plate 1.  Specimens of Portunus sp. (A) Fresh specimens (Dorsal view) 

               (B) Fresh specimens (Ventral view)  (C) Preserved specimens  

 

        

 

(A) (B) (C) 

Plate 2.  Taking measurement of morphometric characters; (A) Body 

weight (B) Carapace length (C) Carapace width 
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A B C D 

Plate 3.  Blue swimming crab (Portunus sp.) male and female. (A) The 

dorsal view of male, (B) The ventral view of male, (C) The dorsal 

view of female and, (D) The ventral view of female  

Sex ratio 

Sex ration was calculated using the following formula followed after 

Astuti et al., 2020. 

Sex Ratio (SR) =                                  

 

Results 

The relationships of Carapace length -body weight and Carapace width 

-body weight 

 The relationships between carapace length-body weight and 

carapace width-body weight for the male (n=60), female (n=43), and both 

sexes (n=103) of Portunus sp. were investigated by using the natural log-

transformed scatter plots. The analysis of length-weight regression was 

reported in table 1, 2. Moreover the caculated regression equations and 

coefficient of determination, R
2 

were also shown below and in fig. 2, 3.  

The following equations for the relationship between carapace 

length and body weight were: 

 Male:          Ln (y) = -0.7828 + 3.1296 Ln (x),     = 94.5% 

Female:      Ln (y) = -0.5577 + 2.9999 Ln (x),      = 91.2% 

Both sexes: Ln (y) = -0.7152 + 3.0923 Ln (x),      = 94.3% 

 The following equations for the relationship between carapace 

width and body weight were: 

Male:          Ln (y) = -3.9587 + 3.404 Ln (x),     = 95.0% 

Female:      Ln (y) = -2.7314 + 2.911 Ln (x),      = 92.4% 

Both sexes:Ln (y) = -3.6039 + 3.2644 Ln (x),      = 94.5% 

 

 ∑ female 

         ∑ male 
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Table 1.  Length-weight regression analysis of Portunus sp. from the 

Seafood Market  

Sex N 
Carapace length (cm) 

 ̅±sd (Range) 

Body weight (g) 

 ̅±sd (Range) 
Significance F R

2 

Male 60 
6.15± 1.08 

(4.40-8.20) 

147.18± 78.28 

(53.0-339.0) 
2.68E-38 94.5% 

Female 43 
5.50± 0.66 

(4.40-7.00) 

100.01± 42.59 

(53.50-208.00) 
2.93E-23 91.2% 

Both 

sexes 
103 

5.87± 0.92 

(4.40-8.20) 

127.49± 69.55 

(53.00-339.00) 
8.96E-65 94.5% 

Notes: N = individual number, R
2
 = coefficient of determination 

 

Table 2.  Width-weight regression analysis of Portunus sp. from the 

Seafood Market 

Sex N 
Carapace width (cm) 

 ̅±sd (Range) 

Body weight (g) 

 ̅±sd (Range) 
Significance F R

2 

Male 60 
13.48± 2.08 

(10.30-17.60) 

147.18± 78.28 

 (53.0-339.0) 
1.62E-39 95.0% 

Female 43 
12.22± 1.52 

(9.60-15.80) 

100.01± 42.59 

(53.50-208.00) 
1.63E-24 92.4% 

Both 

sexes 
103 

12.95± 1.91 

(9.60-17.60) 

127.49± 69.55 

 (53.00-39.00) 
8.96E-57 94.3% 

Notes: N = individual number, R
2
 = coefficient of determination 

The overall significance of the significant F-value of the models was 

extremely small, which means that the models were useful. 
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Figure 1.  A scatter plot of the natural log-transformed carapace length and 

body weight relationship of  Portunus sp. (A) male, (B) female, 

and (C) both sexes  

                              
 

                                              

Figure 2.  A scatter plot of the natural log-transformed carapace width and 

body weight relationship of Portunus sp. (A) male, (B) female, 

and (C) both sexes  
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The calculated t values and the P value were shown in table 3. The t 

value of  the length-weight relationship for the males was 1.3108 (p>0.05) 

and for the female was 0.0005 (p>0.05). The value for the both sexes was 

1.2243 (p>0.05). The t value of  the width-weight relationship for the males 

was 3.9549 (p<0.05) and for the female was 0.6806 (p>0.05). The value for 

the both sex was 3.3776  (p<0.05). Except  the t values in the study of 

width-weight relationship for the male and both sexes, the remaining values 

did not observe a significant difference at 95% confidence level.  

 

Table 3. Growth pattern of Portunus sp. from the Seafood Market  

Model Sex t value P- value Slope Growth type 

Carapace length vs. 

Body weight 

Male 1.3108 0.1951 b > 3 
+
A 

Female 0.0005 0.9996 b = 3  A  

Both sexes 1.2243 0.2236 b >3 
+
A 

Carapace width vs. Body 

weight 

Male 3.9549 0.0002 b > 3 
+
A 

Female 0.6806 0.4999 b = 3  A 

Both sexes 3.3776 0.0010 b > 3 
+
A 

Notes: 
+
A = positive allometric growth, 

-
A = negative allometric growth, A = isometric 

growth
 

Regarding growth pattern, in both the relationships between length–

weight and width-weight, female was isometric growth whereas that of 

male was positive allometric growth.   

 

Condition factor (K) 

 In this study, the observed K values calculated from the length were 

males (42.59 to 76.31), females (44.09 to72.46), and both sexes (42.59 to 

76.31) (Table 4) while the K values calculated from the width were males 

(3.77 to 6.96), females (4.19 to 6.81), and both sexes (3.77 to 6.96) 

respectively (Table 5).  

 

 

 

 



Universities Research Journal 2023, Vol. 14, No. 3                                                           379 

Table 4. Condition factor (K) of Protunus sp. from the carapace width-body 

   weight relationship 

Sexes Number 
Condition factor 

K(Range) 

Condition factor 

K(Mean±SD) 

Confidence level 

(95.0%) 

Males 60 42.59-76.31 58.16±6.93 1.79066 

Females 43 44.09-72.46 57.57±6.26 1.30316 

Both sexes 103 42.59-76.31 57.91±0.65 1.29650 

 

Sex ratio 

The sex ratio (males to female)  of  a total of 103 Portunus sp. 

specimens revealed as 1.0: 0.72.  

Table 5. Condition factor (K) of Protunus sp. from the carapace width-body 

   weight relationship 

Sexes Number 
Condition factor 

K(Range) 

Condition factor 

K(Mean±SD) 

Confidence level 

(95.0%) 

Males 60 3.77-6.96 5.48±0.69 0.17688 

Females 43 4.19-6.81 5.24±0.54 0.56348 

Both sexes 103 3.77-6.96 5.38±0.64 0.12424 

 

Discussion 

  R-square (R²)  also known as the coefficient of determination, 

measures the strength of the relationship  and the relationship between 

carapace length-body weight and carapace width-body weight investigated 

in this study, all the R
2
 values were > 0.8 and it indicated that the  strong 

positive correlations between the increasing of body weight and the 

carapace length as well as carapace width.  In the report of Zairion et al., 

(2020), they studied the 277 Portunus pelagicus  population in the western 

and eastern part of Java Sea,  all the values of R
2 

were >0.9 and a non-

parallel relationship of width-weight  was traced in the different three 

locations in their study.  The different growth could occur in the pre-molt 

phase of female crabs living in a limited food  availability environment 

(Josileen, 2011 and Zairion, 2015). Hamida et al. (2019) also reported the 

overall analysis of the BC-BW relationship of each sex showed a significant 

positive correlation between the variables, with the empirical points fitting 
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to the power function (R
2
>0.96)from their study of 4971 individuals of 

Portunus segnis in Southeastern Tunusia (Central Mediterranean) from 

October -2015 to September -2016.  

Regarding growth pattern,  b values of female specimens (b =3) 

showed isometric growth, which refers to the growth  rate of  the carapace 

length/width  was proportionately equal in ratio to the growth rate of body 

weight in this study. On the other hand, a positive allometric growth pattern 

(b>3) expressed in male specimens indicated that the growth at a rate of 

carapace length/ width was different from the growth of body weight. For 

this condition, the growth rate of body weight   may be faster than the 

growth rate of carapace length or width. The result obtained in this study 

was in agree with the report of Noori et al. (2015) showed the  positive 

allometric relationship between width-weight in males and that of the 

isometric relationship  in females in  their study of 302 specimens of 

Portunus segnis in the Persian Gulf, Iran. Rohmayani et al., (2018) studied 

the length-weight relationship of 278 individuals of Portunus pelagicus 

from Java Sea, Indonesia and reported their results of b >3 indicated the 

males, females and total individuals crabs exhibited positive allometric 

growth (b > 3), respectively.  In the present study, the b values were ≥3 ; 

positive allometric growth (b>3) recorded in sexes in both length/width – 

weight relationships and isometric growth (b = 3) recorded in females in 

both length- weight relationships and width–weight relationships. For that 

reason, the results of the present study found in males and both sexes in 

both length/width– weight relationships was similar to the results reported 

by Rohmayani et al. (2018). Astuti et al. (2020) studied  the Portunus 

pelagicus in the Northern Tiworo Strait water, Southeast Sulawesi, 

Indonesia monthly from June to December 2018. In their report, the growth 

pattern of negative allometric. Ideally, growth of crustaceans follows an 

isometric growth pattern which implies the dimension of the body weight 

(BW) increment will follow proportionally by a carapace width (CW) 

increment (shown by b=3). The ideal of such growth was mainly found in 

the study on several organisms, but in certain conditions  or in other species, 

it may show an allometric growth pattern (b is unequal 3), such as growth 

patterns revealed that Blue Swimming Crabs' (BSCs) carapace width (CW) 

increment (Astuti et al. 2020). Futhermore, in the report of Hamida et al. 

(2019)the 'b' value for the BW-CW relationship was distinct between the 

sexes with positive allometric growth pattern in weight for males (b =3.19) 

and combined sexes (b =3.09) and negative allometric pattern was identified 
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for females (b=2.92). Hajjei et al. (2016) shared the finding of their study 

Portunus segnis from the Gulf of Gabes, Tunisia. According to their report, 

exponential values (b) for the carapace width-total weight relationship was 

distinct between the sexes; a positive growth pattern in weight for males 

and a negative allometric pattern identified for females. Males were 

significantly larger and heavier than females,the expected pattern to many 

crabs. For condition factor in  the results of this study, the K value  was 

calculated to estimate the  degree of well-being of a crab's expressed 

coefficient of condition  (also known as condition factor, or length-weight 

factor). The values of condition factors calculated length/ width–weight 

relationships for  male, female and both sexes  showed greater than 1.  In 

the report of Rohmayani et al.  (2018), the condition factor values of 5.04 to 

8.88 for males, 4.22 to 11.70 for females and total (both sexes) were noted.   

According to the results of this study, all the Portunus sp. crab 

specimens indicate their good state in terms of physical capacity for 

survival and reproduction in their habitats along the coastal regions in 

Myanmar. Astuti et al. (2020) suggested that condition factors were mostly 

influenced by growth coefficient (b), namely the higher (b) the lower 

condition factor (CF). In the report of Hamid et al. (2018), the growth 

coefficient and condition factor in both male and female fluctuated 

throughout their study period, April 2013 to March 2014.  

About the sex ratio, sex ratio  1.0: 0.72 for males to females was 

detected in present research was in agreement with the expected sex ratio 

(1:1). The similar sex ratio 1:1 of male to female was  found in the Portunus 

(Portunus) pelagicus. Reported by Shabrina et al., (2020) studied in Gebang 

Mekar Village, Cirebon Regecy, West Java, Indonesia. Besides this, 

Rohmayani et al. (2018) reported that the sex ratio of males to females was 

1:1.45 in their study.  

 

Conclusion 

 The results in this study indicated the strong correlation of length-

weight and width- weight relationships in studied specimens. In addition, 

the growth pattern revealed isometric and positive allometric indicate 

growth rate between carapace length and between body weight as well as 

carapace width and body weight. According to the results of  condition 

factor (K) in this study indicated the habitat of this Portunus sp. were in the 

healthy aquatic environment of Myanmar's coastal region.  The sex ratio 
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recorded in this study was also satisfactory to assume that the population 

status of Portunus sp. was in good condition. The fruitful information noted 

in the present study could provide a productive management of biodiversity 

in the marine ecosystem in Myanmar and assist with the food resource 

management in local as well as export of Portunus sp. as commodities.  
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Abstract 

Hydrothermal conversion of nonedible taro stalk (Colocasia esculenta 

Schott.) into bioethanol and biochar was conducted in this study. 

Hydrothermal treatment was carried out at different temperatures of 90 

C, 100 C and 110 C with a residence time of 30 min. Simultaneous 

separation of solid residue and liquid part was carried out after 

hydrothermal process. Bioethanol was prepared by fermentation of liquid 

part using Saccharomyces cerevisae (Baker’s yeast) followed by 

distillation. Biochar was prepared by carbonization of solid residue under 

various temperatures of 300 °C, 400 °C and 500 °C for 4 hr. The 

reducing sugar content of processed liquid was reached to 443 mg/g at 

100 C for 30 min and 21% by volume was achieved for its highest 

alcohol strength. High heating value and carbon to hydrogen ratio of 

biochar processed at 400 C for 4 hr has resulted 26.28 MJ/kg and 97.94 

% respectively. 

Keywords: Hydrothermal conversion, taro stalk, bioethanol, biochar 

 

Introduction 

Hydrothermal treatment mainly uses water as the liquid state at 

elevated temperature and pressure for hydrolysis, extraction and structural 

modification of materials (Park et al., 2020). An aqueous fraction obtained 

form hydrothermal conversion of biomass mainly comprises hemicellulose 

that compose of xylo- oligosaccharides and monosaccharides (xylose, 

glucose, arabinose), and its degraded compounds like acetic acid, formic 

acid, furfural, hydroxylmethylfurfural (HMF). The solid fraction from 

hydrothermal process consists of lignin and cellulose. The different 

proportion of constituents fractionated from hydrothermal process can be 

varied by using different operation parameters. It therefore, becomes an 

interesting option to achieve a high organic matter solubilization and 

surface and structural modified solid residue from lignocellulosic substrate 

(Yan et al., 2017).  Taro (Colocasia esculenta Schott.) is one of the 

interesting nonfood biomass for its high energy content of above 4,000 
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kcal/kg based on dry matter. Taro grown in Myanmar is divided into two 

types including cultivated taro (edible taro) and natural or wild taro (non-

edible taro) (Matthews et al., 2005). 

The present research focused on the preparation of bioethanol and 

biochar from nonedible taro stalk through hydrothermal treatment. Based on 

the ash content, volatile matter content, fixed carbon content, high heating 

value of biochar was estimated. 

 

Materials and Methodology 

Materials 

Taro stalks as shown in Figure 1. were harvested near the ULB 
building, campus of University of Yangon. Taro stalks were washed, and 

ground using a blender. The resulting paste was placed in an oven at 70°C 

until the moisture content of 10‒12% was reached. Dried samples were 

again ground to powder of through 40 mesh size and stored in air-tight 

plastic bags until it was used. 

 

 

 

 

  

 

 

         Figure 1. Wild Taro 

 

Methodology 

Analysis of Taro Stalk  

 The composition of taro stalk such as moisture, extractive matter, 

lignin, holocellulose, hemicellulose and cellulose content was analyzed 

according to the laboratory standard methods. Determination of Moisture 

content using moisture analyzer (RADWAG MAC 110), lignin content by 

Klason method, contents of holocellulose, hemicellulose and cellulose by 

TAPPI T9 wd-75 method were conducted. 
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Hydrothermal Treatment of Taro Stalk 

Hydrothermal treatment of dried taro stalk was carried out in a 

autogenous pressurized vessel with a loading of solid to distilled water as 

1:9 (w/v). The reactor was heated to the desired temperatures of 90 ºC, 100 

ºC and 110 ºC for the residence time of 30 min in an oven. After 

hydrothermal treatment, the broth was filtered and separated for liquid 

portion and solid residue. Fermentation of liquid portion was carried out 

using baker’s yeast for further ethanol production. Meanwhile, the solid 

residue was washed with water for several times to remove the unwanted 

matter and dried at 105°C. The dried solid residue was carbonized in a 

muffle furnace at different temperatures of 300 °C, 400 °C and 500 °C for 4 

hr respectively. Biochar was also prepared from untreated biomass. The 

biochar prepared was stored in a sealed plastic bag for proximate analysis 

and energy value.  

 

Evaluation of High Heating Value (HHV) of Biochar 

All biochar samples were ground and sieved to obtain a particle size 

of through 40 mesh. Volatile matter, ash and fixed carbon contents were 

determined by ASTM-D1762-84.  HHV of biochar was then calculated 

using the formula proposed by Stefan et al. (2013).  

 

           Where FC = fixed carbon content, VM = volatile matter    

 

EDXRF, SEM and FTIR Analyses of Biochar 

 Relative abundance of elements in biochar obtained from pyrolysis 

at 400 C  for  4 hr was studied by EDXRF (EDX 720, Shimadzu) at the 

Universities’ Research Center (URC), University of Yangon. Surface 

morphology and functional groups of the same biochar were examined by 

SEM (EVO-18, ZEISS, Germany) and FTIR (IR-Tracer 100 Shimadzu, 

Japan) at the Department of Chemistry, West Yangon University. 

 

 

 

 

HHV = 0.4108FC + 0.1934VM — 0.02111Ash (MJ/kg) 
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Results and Discussion 

Table 1. shows the composition of taro stalk as dry basis. It was 

observed that taro stalk composed of less cellulose content when compared 

to other biomass that contained 40–50% of the biomass by weight; and the 

hemicellulose portion represented 20–40% of the material by weight. On 

the other hand, it comprised of the largest fraction of hemicellulose that 

composed entirely of polysaccharide sugars such as glucose, mannose, 

xylose, arabinose, methylglucuronic and galaturonic acids. Biomass with 

high hemicellulose showed an average molecular weight of < 3000 

(McKendry, 2002). 

            Table 1.Composition of Taro Stalk  

 

 

As shown in Figure 2. and Figure 3, the highest fermentable sugar 

has resulted as 443 mg/g and consequently, the highest strength of ethanol, 

21 % by volume was obtained. Increase in fermentable sugars revealed with 

a substantial increase in the alcohol strength. The influence of fermentation 

time was also observed for the yield of ethanol strength. Fermentation 

period of 24 hr gave the strength of 19% by volume and 72 hr caused a 

decreased strength of 13%.  However, fermentation period of 48 hr was the 

suitable time for the highest alcohol strength of 21%. Probably, longer 

fermentation time may cause the acetic acid formation that can be toxic to 

the yeast growth under anaerobic condition, resulting the lowest alcohol 

strength.   

 

 

 

 

Component Composition (%) Dry basis 

Extractive matter 9.30 

Lignin 25.00 

Holocellulose 51.37 

Hemicellulose 37.24 

Cellulose 14.13 
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Figure 2. Fermentable Sugar Content in Liquid Portion After Hydrothermal 

    Treatment 

 

 

Figure 3. Ethanol Strength Obtained from Fermentation of Liquid Portion  

 

The volatile matter and fixed carbon content are the important 

parameters that significantly affect the combustion process (Parshetti et al., 

2013). As the pyrolysis temperature was increased, ash and fixed carbon 

contents were remarkably increased in all biochars as shown in Figure 4. On 

the other hand, increasing in fixed carbon contents occurred with increasing 

in pyrolysis temperature. Carbonization at 500°C revealed that the ash 
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content distinctly increased leading to loss of yield and high ash content 

primarily due to organic loss (Sun et al., 2016).  Rehrah et al. (2014) also 

stated that the similar behavior was found for biochar obtained from peanut 

shells and cotton gin. This was due to the increased temperature that tended 

to drive off the more volatile matter, resulting decrease in the yield of 

biochar. However, the mineral components were retained at high 

temperature in solid fraction and showed increased ash content. In addition, 

the biomass with high mineral contents such as grass and straw residues 

generally produced ash-rich biochars at high temperature with long duration 

(Stefanko et al., 2020). Therefore, the ash formation was directly related to 

the level of nutrients and minerals in biomass. 

 

Figure 4. Ash Content, Volatile Matter Content and Fixed Carbon Content 

     in Biochars at Different Temperatures 
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            Figure 5. HHV of Biochars at Different Temperatures 

 

High heating value (HHV) is one of the important parameters in the 

fuel properties of biochars and estimates its feasibility for fuel (Qian et al., 

2020). The high pyrolysis temperature accelerates the reaction of 

devolatilisation and produces valuable char with high energy content and of 

smokeless quality (Fan et al., 2018). Figure 5 shows HHV of biochar 

prepared at 300 C, 400 C and 500 C for 4 hr. HHV of prepared biochar at 

400 C for  4 hr was engaged with the fuel values of lignite to bituminous, 

indicating that the resulting biochars have the potential usage as solid fuels.  

Table 2. shows the elements found in biochar obtained by 

carbonization at 400 C for 4 hr.  Calcium (Ca) content was found to be the 

highest and followed by potassium (K). Copper (Cu) content was the least 

amount and carbon to hydrogen ratio was 97.939%. Therefore, it was 

concluded that the biochar from taro stalk was potential not only for solid 

fuel but also for soil amendment due to carbon to hydrogen ratio and its 

various mineral contents. 

      Table 2. Elements in Biochar 

Element Relative abundance (%) 

Calcium 1.305 

Potassium 0.715 
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Element Relative abundance (%) 

Iron 0.013 

Zinc 0.009 

Stronium 0.008 

Manganese 0.007 

Lead 0.003 

Copper 0.001 

C/H 97.939 

 

SEM analysis was carried out to observe the changes in the surface 

of cell walls that was disrupted by hydrothermal treatment and 

carbonization. The surface morphology of raw biomass, hydrothermally 

treated solid residues and biochar are shown in Figure 6. Untreated taro stalk 

was easily recognizable with smooth surface structure and it was evident 

that the effect of hydrothermal treatment on the structure of cell wall was 

found to be damaged cell wall with network of cellulose structure as shown 

in Figure 6,(b). SEM image of biochar prepared at 400 °C for 4 hr showed 

the amorphous structures with high porosity as can be seen in Figure 6,(c). 

Pyrolysis of biomass occurred under high temperature revealed the small 

pore and fragments formed on the biochar surface. The degradation of 

cellulose and lignin left regular pore structures on the surface of chars (Fan 

et al., 2018). 

FTIR analysis of functional groups of biochars was used for 

qualitative determination of the changes in biomass. The FTIR spectra of 

untreated taro stalk, solid residues after hydrothermal treatment and biochar 

are shown in Figure 7. It was observed that the appearance of the wide band 

at 3200‒3400 cm
‒1

 that was attributed the O‒H stretching vibration in 

hydroxyl and carbonyl groups, and the band at around 2910 cm
‒1

 

representing C‒H stretching vibration in aliphatic and aromatic structures 

for the spectra of untreated biomass and solid residue after hydrothermal 

treatment. That was agreed with the statement of Tawatbundit et al., 2022. 
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Figure 6. SEM Images of (a) Taro Stalk (b) Solid Residue after  

               Hydrothermal Treatment (c) Biochar 

 

 

Figure 7. FTIR Spectra of (i) Taro Stalk and (ii) Solid Residue after  

              Hydrothermal Treatment and (iii) Biochar 

However, the spectra for biochar showed the weak band at 

3200‒3400 cm
‒1

 and disappearance of the band at 2910 cm
‒1

. Decreasing in 

hydroxyl and carbonyl contents was due to increase the hydrophobicity of 

biochar that was cited in the work of Fan et al., 2018. The result indicated 

that the demethanation reaction occurred under high pyrolysis temperature 

of 400C. The band at 1633 cm
‒1

 in untreated biomass and solid residue 

after hydrothermal treatment was attributed to aromatic skeletal vibration of 

lignin that was also stated by Tawatbundit et al., (2022). The appearance of 

a band at 1436 cm
‒1

 represented the aromatic skeletal vibration of lignin as 

shown in Figure 7,(iii). 
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Conclusion 

Hydrothermal conversion of biomass was an effective way to 

fractionate the high value organic liquid portion and solid residue. The 

liquid product had the high fermentable reducing sugar for further 

production of bioethanol under anaerobic fermentation. Further 

carbonization of the solid residues derived from hydrothermal conversion of 

biomass resulted biochars with high heating values (HHV). HHV of 

biochars were comparable with that of lignite (16.08 MJ/kg), subbituminous 

coal (21.32 MJ/kg) and bituminous coal (grade C) (25.05 MJ/kg).  
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Abstract    

The shelf-life of foods is affected by several aspects, mainly chemical 

and microbial events, resulting in a considerable decrease in consumer's 

acceptance. In recent years, the consumer demand for natural ingredients 

has resulted in sustained growth in the global market of essential oils. 

However, this application sector has to face many disadvantages related 

to the variability of their composition, and their volatility and storage 

instability. Encapsulation could overcome these advantages. In this 

research work, essential oils from lemon peels were extracted using the 

conventional water distillation (WD) method and yielded 1.24 ±0.07%. 

The extracted essential oil was identified by Gas Chromatography - Mass 

Spectrometry (GC-MS). This oil was characterized   by a composition 

rich in limonene (67.1%) followed by  α-pinene (11.0%) and α-terpinene 

(8.0%). The extracted lemon peels essential oil was encapsulated with 

silicon dioxide powder. The antioxidant activity of the essential oil and 

encapsulated essential oil were determined by antiradical power DPPH. 

Encapsulation of essential oil in silicon dioxide did not modify its 

antioxidant activity. The extracted essential oil, silicon dioxide and 

encapsulated essential oil were characterized by FTIR and it was showed 

that the encapsulation did not alter the composition of the oil. 

Encapsulated essential oil was used as a natural preservative in the 

preparation of mayonnaise and the shelf-life was observed by three 

months. 

 Keywords: lemon essential oil, encapsulation, natural preservative 

 

Introduction 

Essential oils are aromatic and volatile liquids obtained from plant 

material, including flowers, roots, bark, leaves, seeds, peel, fruits and whole 

plants. Because of their volatility, these substances can be isolated using 

steam distillation from an aromatic plant of a single botanical species and 

can be detected by both smell and taste. Essential oils can be extracted by 
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means of water distillation, water and steam distillation, or steam 

distillation alone. These are the most traditional and commonly used 

methods (Chamorro et al., 2012).  

The applications of essential oils for different purposes are varied 

and include not only their use in food to enhance the taste and health 

benefits but also their application in perfumes and cosmetics. 

Essential oils are volatile and unstable compounds that can be easily 

evaporated and decomposed due to environmental conditions such as light, 

oxygen, or temperature. These chemical and physical changes can be 

effectively minimized by an adequate formulation of essential oils.  The 

purpose of encapsulation is to overcome these problems. In the few years, 

essential oils (EOs) have been actively investigated to replace synthetic 

antioxidants. Essential oils consist of a complex mixture of low boiling 

compounds which contain mono and sesqui terpenes, oxygenated terpenes, 

phenols, and other compounds (Foti, 2007). 

Encapsulation has been widely used for protection, target delivery, 

and enhanced biological functions of bioactive compounds. Encapsulation 

consists of two important things such as core (bioactive) and wall 

material/emulsifier (that protects bioactive). Different types of protein, 

polysaccharide and synthetic emulsifiers/wall materials have been used to 

encapsulate the EOs/constituents. Essential oils have certain limitations 

such as low water solubility, high volatility, and strong odor that limit their 

applications in food and pharmaceutical industry. To overcome these 

effects, EOs can be encapsulated to retain their stability, flavor retention, 

and functional properties. Encapsulation protects the EOs from light, air and 

humidity because these interactions lead to oxidation or volatilization and 

reduced biological activities. Moreover, encapsulation increases the 

solubility of oil, provides controlled release and makes it more bioavailable 

(Majeed et al., 2015). 

Autoxidation is the main mechanism of the oxidation of fats and 

oils. This autoxidation is the reaction of oxygen with unsaturated fatty 

acids. This lowers the nutritional value of food products, color, texture, and 

other sensory and physiological properties. The resulting lipid peroxidation 

reaction between the unsaturated fatty acids and molecular oxygen is a 

serious problem for the fat and oil industry. It not only deteriorates the 

quality of fatty foods and fatty acids but also produces free and reactive 

oxygen radicals that are associated with carcinogenesis, mutagenesis, 
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inflammation, aging, and cardiovascular disease. Because of these defects, 

consumers do not accept oxidized foods, causing losses to food producers.     

For the purpose of inhibiting lipid oxidation of fats, oils, and fatty 

foods, chemical compounds known as antioxidants are employed. Citrus 

fruits are important sources of antioxidants such as ascorbic acid, 

flavonoids, and phenolic compounds.  Citrus peels are the sources of 

essential oil and a valuable product (Lopez et al., 2005).  

In this research, essential oil is produced from lemon peel. Lemons 

are the commercial source of citric acid before the development of 

fermentation-based processes. The extraction of lemon oil from the waste 

peels not only saves the environment but also can be used in various 

applications as natural preservatives in foods. 

 

Materials and Methodology 

Materials 

Fresh lemon fruits were collected from Thiri Mingalar Market, 

Hlaing Township, Yangon Region. Ethanol (95%), commercial amorphous 

porous silicon dioxide and sodium sulfate were purchased from Empire 

Chemical Shop, 27
th

 street, Pabedan Township, Yangon.  

 

Methodology 

Preparation of Sample 

The collected lemon fruits were thoroughly washed with tap water 

to remove the dirt. The peels were dried at room temperature for one day 

and cut into small pieces. Then, the small pieces of peels were ground using 

a grinder.  

 

Extraction of Essential Oil from Lemon Peels by Water Distillation 

(WD) 

About 400 g of ground lemon peels was put in a 1 L round bottom 

flask and then 400 mL of distilled water was added and distilled for about 

150 min under the atmospheric pressure. The distillate from the receiver 

was transferred into a separating funnel and kept overnight for layer 

separation. The bottom layer, which is water, was withdrawn and the 



                   Universities Research Journal 2023, Vol. 14, No. 3  400  

extracted essential oil was retained in the upper layer. The residual moisture 

in the extracted oil was removed using anhydrous sodium sulfate stored in 

glass vials covered by aluminum foil at 4°C. Then, the resultant oil was 

placed in an air tight amber glass bottle and stored in a cool and dry place.   

 

Encapsulation of the Extracted Essential Oil  

A sample was prepared by mixing 0.5mL of the essential oil with 

500 mg of silicon dioxide and the whole mass was agitated until a 

homogeneous mixture was obtained. 

 

Analysis of Essential Oil and Encapsulated Essential Oil 

Identification of Extracted Essential Oil from Lemon Peels by Gas 

Chromatography-Mass Spectroscopy (GC-MS) Analysis 

 The constituents in the extracted lemon essential oil were identified 

by GC-MS analysis at the National Analytical Laboratory, Department of 

Research and Innovation, Ministry of Science and Technology, Yangon 

Region. 

 

Determination of Encapsulation Efficiency  

The percentage of encapsulation efficiency was determined 

according to the method mentioned by Keawchaoon and Yok-san, 2019. 

The percentage of encapsulation efficiency was calculated by the following 

equation:  

Encapsulation efficiency (%) = (amount of oil encapsulated / initial  

     amount of oil ) × 100  

 

Evaluation of the Antioxidant Activity of the Essential Oil Before and 

After Encapsulation  

The antioxidant power was estimated by the DPPH (2,2 -diphenyle-

1-picryl hydrazyl, Sigma Aldrich) test following the method described by  

Marinova and Batcvarov, 2011. The absorbance values of samples were 

measured by UV- visible Spectrophotometer (Thermo Scientific Evolution-

201). The antiradical activity was estimated according to the following 

equation:  
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Antiradical activity (%) = [( A0 −At ) / A0] ×100  

Where, At and A0 are the absorbance values of the tested and blank samples, 

respectively. 

 

Characterization of Essential Oil, Silicon Dioxide and Encapsulated 

Essential Oil by Fourier Transform Infrared (FTIR) Spectroscopy 

 Free essential oil, silicon dioxide and encapsulated essential oil were 

analyzed by FTIR spectroscopy. The FTIR analysis of these samples was 

conducted at the National Analytical Laboratory, Department of Research 

and Innovation, Ministry of Science and Technology, Yangon Region. 

  

Observation of Internal Microstructure by Scanning Electron 

Microscope (SEM)  

  SEM images of silicon dioxide and encapsulated lemon essential 

oil in silicon dioxide microstructures were observed through the ZEISS 

Cross Beam Workstation Field Emission Scanning Electron Microscope 

(FE-SEM) at the Chemistry Department, West Yangon University, Yangon 

Region. 

 

Preparation of Mayonnaise 

Mayonnaise was produced from the soybean oil 68 g, whole egg 15 

g, vinegar 8 g, salt 2 g, sugar 6.5 g and mustard paste 0.5 g (all amounts are 

stated as % w/w). The mayonnaise samples were prepared using a standard 

hand mixer (SOKANY, SK-1711-4, 1000W, China). Firstly, eggs, salt, 

sugar and mustard paste were homogenized and then oil was poured slowly 

until a mayonnaise emulsion was obtained. Secondly, vinegar was added to 

the mayonnaise emulsion and was stirred for 4 min continuously to stabilize 

the emulsion. Finally, 0.1g of encapsulated lemon essential oil was added 

and stirred for 1min. After that, the prepared mayonnaise was filled in a 

sterilized glass bottle with cap and pasteurized in water bath at 70 °C for 10 

min and then stored in refrigerator at 4 °C until analysis was conducted. 
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Effect of Amount of Encapsulated Lemon Essential Oil on pH and 

Peroxide Value of Mayonnaise during Storage  

The effect of amount of encapsulated lemon essential oil on pH and 

peroxide value of mayonnaise during storage was determined using various 

amounts of encapsulated lemon essential oil from 0.1 g (%w/w) to 0.5 g 

(%w/w) with fixed amounts of other ingredients in the preparation of 

mayonnaise. 

 

Analysis of Formulated Mayonnaise  

Determination of pH 

 About 2 g of sample was added into 50 mL beaker and dissolved in 

10 mL of distilled water. pH was measured using SM 100 pH meter.  

 

Determination of Peroxide Value 

Peroxide value was determined according to the method described in 

AOAC (2000).  

 

Results and Discussion 

The lemon essential oil was extracted by hydro-distillation and 

yielded 1.2 (%w/w). The freshly extracted essential oil occured fresh aroma 

and pale-yellow color. 

From the results of Table 1, the dominant compounds of the 

essential oil are limonene 67.03% followed by α-pinene 11.17%. In lemon 

essential oil, it is also observed that the main components belong to the 

group of the oxygenated monoterpenes. This finding was in accordance 

with the results of Lota et al., 2002 that represented limonene, a 

hydrocarbon, and the two geometric isomers of citral (neral and geranial) as 

the three major constituents of lemon oil. Limonene has antimicrobial 

properties, exhibiting antibacterial activity against Gram-positive bacteria 

(Colecio-Juarez et al., 2012). Figure 1 shows the GC-MS chromatogram of 

extracted lemon essential oil by water distillation. The calculated 

encapsulation efficiency of silicon dioxide on lemon essential oil was 

93.52%. That meant silicon dioxide effectively absorbed essential oils. 

The antioxidant activity of essential oils is important because they 

may preserve foods from the effects of oxidants. The antioxidant activity of 
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lemon essential oil and encapsulated lemon essential oil were analyzed by 

DPPH essay test.  In Figure 2, the results of the antioxidant activity of pure 

lemon essential oil, encapsulated lemon essential oil and the standard 

(ascorbic acid) are displayed. The antioxidant activity of encapsulated 

lemon essential oil was compared to that of the pure essential oil and the 

encapsulation process did not alter the antioxidant properties of the essential 

oil.  So, encapsulation of lemon essential oil brought to the resulting oil-

silica hybrid important properties such as enhancement of compatibility and 

process ability to produce adequate formulations of industrial interest 

(Paseta, et al., 2016). 

 The SEM observations of the silicon dioxide and the encapsulated 

oil are shown in Figure 3 (a) and (b). The SEM images of the silicon 

dioxide and the encapsulated oil were similar, which means that the 

encapsulated essential oil has no significant effect on the structure of the 

silicon dioxide. 

 

Table 1.  Dominant Compounds in Extracted Essential Oil by  

  Water Distillation  

Sr 

No. 

Compound  

         Name 

Retention 

Time  

(min) 

Molecular 

Weight 

Formula Related 

Amount 

(% w/w) 

1 3- Carene 3.26 136 C
10

H
16

 1.18 

2 Alpha -Pinene 3.77 136 C
10

H
16

 11.17 

3 D-Limonene 4.691 136 C
10

H
16

 67.03 

4 Cylooctene 5.132 150 C
11

H
18

 2.4 

5 Trans-P- Mentha 

2,8- Dienol 

5.711 152 C
10

H
16

O 4.30 

6 Cis-P- Mentha 2,8- 

Dien-1-ol 

5.853 152 C
10

H
16

O 1.98 

7 Citronella 5.911 154 C
10

H
18

O 1.65 

8 Carveol 6.67 152 C
10

H
16

O 5.98 



                   Universities Research Journal 2023, Vol. 14, No. 3  404  

Sr 

No. 

Compound  

         Name 

Retention 

Time  

(min) 

Molecular 

Weight 

Formula Related 

Amount 

(% w/w) 

9 D-Carvone 7.311 150 C
10

H
14

O 6.91 

10 Gernaniol 7.41 154 C
10

H
18

O 0.43 

11 Citral 7.629 152 C
10

H
16

O 0.32 

12 N-Decanoic acid 8.848 172 C
10

H
20

O
2
 0.37 

13 Bicyclo3.1.1H E 

PT-2-ENE,2,6-

Dimethyl-6-(4-

methyl-3-Pentenyl) 

9.65 204 C
15

H
24

  2.86 

14 Beta-Bisabolene 10.567 204 C
15

H
24

 0.19 

15 2,6,9,11Dodecatetra

enal,2,  

6,10-Trimethyl-

EEE 

12.051 218 C
15

H
22

O 0.18 

16 2,6, 10, 

Dodecatrienal,3,  

7,11-Trimethyl 

12.672 220 C
15

H
24

O 0.25 

 

Figure 4 shows FTIR spectrum of essential oil, encapsulated 

essential oil and silicon dioxide. The FTIR result of the encapsulated oil is 

similar the result of the additional effect between the peaks of the pure oil 

and those of silicon dioxide, which suggested that there was no chemical 

interaction between the essential oil and silicon dioxide. 

The emulsification of mayonnaise was dramatically affected by the 

pH. Table 2 shows the pH values of mayonnaise samples for a storage 

period of over 3 months. The pH value of freshly prepared mayonnaise 

sample was 3.65 which indicated that the mayonnaise must be acidic in 

nature and agrees with the pH values stated by Pons et al., 1994. During 

storage the pH values decreased continuously in all mayonnaise samples 
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containing different amount of encapsulated lemon essential oil. The pH 

value of mayonnaise prepared with 0.4 g and 0.5 g of encapsulated lemon 

essential oil was slightly changed than that of other samples. It was noticed 

that increasing of the amount of encapsulated lemon essential oil led to 

reducing bacterial activity and retarding the decreasing in pH values as a 

result of its antibacterial effect. These obtained data were agreed with that 

of El-Bostany et al., 2011. They stated that the pH values decreased 

continuously in mayonnaise samples during the storage period. The initial 

peroxide values of prepared mayonnaise samples with or without 

encapsulated lemon essential oil were the same value of 3.18 meq 

peroxide/kg oil. Similarly, the initial peroxide values of samples were those 

reported for mayonnaise mixed with mango using egg yolk and mustard as 

emulsifiers, which amounted to less than 3.183 meq-peroxide·kg¹ oil (Sethi 

et al., 2017). But the peroxide values of all mayonnaise samples increased 

during storage at 4 °C due to the factors such as physical instability, 

chemical oxidation, hydrolysis and microbiological effect. But it was 

observed that the peroxide values were significantly lower than those of the 

control sample without adding the encapsulated lemon essential oil. 

Moreover, the mayonnaise samples prepared with 0.4 g and 0.5 g of 

encapsulated lemon essential oil were the same peroxide value of 5.28 meq 

peroxide/kg oil but the control one was 9.62 meq peroxide/ kg oil after the 3 

month storage period. So, the prepared mayonnaise was effectively 

preserved with the encapsulated lemon essential oil. The results were the 

similar results with Shaygannia et al., (2021). They indicated that 

encapsulation had potential to improve antioxidant activity of the lemon 

extracts in mayonnaise by prolonging its availability. The presence of 

hydroxyl groups in their phenolic compounds also gave the antioxidant 

effect of essential oil (Shahidi et al.,1992). 
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Figure 2.    Antioxidant Activity of Lemon Essential Oil, Encapsulated 

Lemon essential oil and Standard Ascorbic Acid 

 

 

Figure 1.  GC-MS Chromatogram of Extracted Lemon Essential  

        Oil by Water Distillation 
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Figure 3.   SEM Images of (a) Silicon Dioxide  

                  (b) Encapsulated   Lemon   Essential Oil  

 

 

 

 

              Figure 4.   FTIR Spectrum of Lemon Essential Oil, Silicon Dioxide  

       and Encapsulated Lemon Essential Oil  
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Table 2.     Effect of the Amount of Encapsulated Essential Oil on pH and 

Peroxide Value of Mayonnaise Samples During Storage 

No. Weight of 

Encapsulated 

Lemon Essential Oil 

(g) 

1 Month 

Storage 

2 Month 

Storage 

3 Month     

Storage 

pH PV 

(meq/kg) 

pH PV 

(meq/kg) 

pH PV 

(meq/kg) 

1. 0.0 3.59 5.12 3.28 7.81 3.13 9.62 

2. 0.1 3.69 4.45 3.67 5.43 3.42 5.92 

3. 0.2 3.71 4.31 3.62 5.38 3.55 5.85 

4. 0.3 3.73 4.18 3.69 5.29 3.58 5.74 

5. 0.4 3.75 4.42 3.67 5.24 3.64 5.68 

6. 0.5 3.74 4.41 3.66 5.24 3.64 5.68 

 

Conclusion 

 The antioxidant activity of the essential oil extracted from lemon 

peel was evidenced by means of DPPH antioxidant activity tests. GC-MS 

analysis of the essential oil proved that it composed of bioactive compounds 

such as limonene (67.03%) and α-pinene (11.17%) The antioxidant activity 

of encapsulated lemon essential oil was not significantly different to that of 

the lemon essential oil. SEM micrograms and FT-IR spectrums confirmed 

that no morphological changes and interactions between silicon dioxide and 

lemon essential oil. So, encapsulated lemon essential oil in silicon dioxide 

has potential application as a material to be used as component of active 

packages or even as a food preservative since silicon dioxide has been a 

common food additive. The results of the present study suggest that the 

encapsulated lemon essential oil has a desirable protective effect on 

mayonnaise oxidation and it is used as natural preservative instead of 

chemical preservative in the preparation of mayonnaise.  
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Abstract 

This research was focused on the formulation of herbal gel toothpaste in 

gel type using the extract of tender twigs of neem. The extract was 

prepared by maceration method using ethanol. The highest yield 

percentage (14.7% w/w) of neem extract was obtained at the optimum 

material-to-solvent ratio, extraction time and particle size. The presence 

of various bioactive compounds was determined by the phytochemical 

screening and identified by the Fourier Transform Infrared (FTIR) 

Spectroscopy. The antimicrobial activities of the extract of tender twigs 

of neem against Bacillus subtilis, Candida albicans, Escherichia coli, 

Malassezia furfur, Pseudomonas fluorescens, and Staphylococcus aureus 

were investigated. The herbal gel toothpaste was formulated using D-

Optimum mixture Design to obtain the optimum composition and then 

physico-chemical characteristics and stability studies of herbal gel 

toothpaste were performed. The characteristics of formulated herbal gel 

toothpaste and commercial gel toothpaste were determined. 

Keywords: Tender twigs of neem, phytochemical screening, FTIR 

spectrum, antimicrobial activity, D-optimum mixture design 

    

Introduction 

The neem tree (Azadirachata indica A. Juss) is known as a 

traditional Indian village pharmacy, as it has one of the most promising 

properties having a wide spectrum of biological activity. It can grow 

abundantly and has many antimicrobial activities but there is less local 

cosmetics product that used the effects of herbal plant, neem. The 

chemicals contained in commercial products give the unhealthy effects to 

people or the environment.  So, the medicinal plants such as neem have 

played an important role and are widely used in the health care of about 

80% of the world population. (Sharma et al., 2014). 

Each and every part of the neem tree, i.e., seeds, leaves, roots, bark, 

twigs, trunk and branches containing active substances, is a rich source of 

antimicrobial agents because it contains important bioactive compounds, 
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i.e., alkaloids, flavonoids, phenolic compounds, carotenoids, steroids, 

ketones, and limonoids (Sharama et al., 2014; Sarah et al., 2020). Neem 

twigs are used as oral deodorants, toothache relievers, and chewing sticks 

for cleaning teeth and maintaining oral health in a natural way (Lakshmi et 

al., 2015). 

The extracts of different parts of the neem tree have been well 

documented for their pharmacological or medicinal properties and their 

wide applications in indigenous healthcare practices and cosmetics products 

(Sarah et al., 2020). The ethanol extract of neem twigs has an antibacterial 

effect against microorganisms. Thus, neem stick extracts exhibit broad 

antibacterial activity against both gram negative and gram-positive 

microorganisms (Ravi et al., 2015). 

Oral hygiene is an integral part of the body’s well-being that begins 

with clean teeth. Poor oral hygiene could lead to dental caries, also known 

as tooth decay and periodontal diseases. Dentifrice can be prepared by using 

synthetic and herbal ingredients. Dental care products containing herbal 

extracts offer the advantages of being cost-effective, having minimal side 

effects, and good patient compliance. Neem dental care products offer a 

good remedy for curing mouth ulcers, and tooth decay, and act as a pain 

reliever for toothaches. According to Lakshmi et al. (2015), the various 

kinds of toothpaste containing neem were equally efficacious as fluoride 

toothpaste against caries-producing bacteria. Therefore, herbal formulations 

are in high demand because of their efficiency in avoiding side effects when 

compared with synthetic formulations. 

D-optimal mixture design, one of the multivariate statistical 

techniques, is commonly and widely used in product formulation, especially 

in the food, pharmaceutical, and cosmeceutical industries, to obtain the 

desired characteristics and functional stability. The main advantage of using 

a D-optimal mixture design is reported to be the reduction in the number of 

experimental runs needed to evaluate multiple variables to identify 

interactions statistically and to overcome the shortcomings of the traditional 

formulation method. The D-optimal mixture design has a smaller number of 

runs and thus requires a lower cost of experimentation; additionally, the 

combined mixture and process variables can be used in the same 

experimental design (Borhan et al., 2014). 

The number of research articles about the extraction of neem leaves 

and seeds is greater than that of neem twigs. There is a research article 
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(Jadge et al., 2014) for the formulation of herbal toothpaste (paste type), not 

gel type using the extract of tender twigs of neem. Most of the research 

articles did not report gel toothpaste formulations using neem extract. So, 

the purpose of this research is to study antimicrobial properties of extract of 

tender twigs of neem and to apply it in the formulation of herbal gel 

toothpaste. 

 

Materials and Methods 

Materials 

The tender twigs of neem (Azadirachata indica A. Juss) were 

collected from Shwepyithar Township,Yangon Region. Air – dried neem 

twigs powder were used as raw materials in this research work. For the 

formulation of herbal gel toothpaste, the ingredients were purchased from 

Shwe Ma, Academy and Empire Chemical Centre, Pabedan Township, 

Yangon Region. 

 

Extraction of Neem Twigs by Maceration Method 

The neem twigs were cleaned with tap water and cut into small 

pieces with the length of 2 cm. Then, they were air- dried for nearly 12 days 

until its moisture content reached below 10 (%w/w). After that, the air- 

dried samples were ground and screened     (-80+100 mesh size) for the 

extraction process. About 10 g of neem twigs powder was placed in glass 

bottle and it was macerated with 400 mL of 96 (%v/v), ethanol (1:40 ratio) 

at room temperature (25-32ºC). The bottle was sealed with its glass lid. The 

extraction process was carried out for 25 days at room temperature. After 

that, the mixture was subjected to filtration process to get the crude extract. 

Then the filtrate was concentrated by using rotary evaporator at 70ºC with 

85 rpm. The residual solvent still present in the extract was completely 

removed by drying the extract in the oven at 40ºC until the constant weight 

was obtained. The resulting neem extract was placed in glass bottle and 

sealed with plastic sealer and then stored in refrigerator at 4ºC. 
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Phytochemical Screening of Neem Extract  

 The phytochemical tests such as alkaloid, carbohydrate, flavonoids, 

glycosides, phenols, saponin, steroids, terpenoids, tannins were performed 

according to the methods and procedures expressed in Bargah, 2015. 

 

Analysis of Functional Group of Neem Extract by FTIR Spectroscopy 

 The functional groups of the chemical compounds present in the 

optimum neem extracts were identified by FTIR Spectrometer (IR- Tracer 

100 Shimadzu, Japan) at the Department of Chemistry, West Yangon 

University. 

 

Determination of Antimicrobial Activity of Neem Extract  

 The antimicrobial activity of the optimum neem extract obtained 

after extraction was identified with the agar well diffusion method (Collins, 

1965). Screening test was carried at the Department of Botany, University 

of Yangon. 

 

Formulation of Herbal Gel Toothpaste  

 The basic formulation of herbal gel toothpaste was carried out 

according to the literature study (Shende., 2018) and (Phalke et al., 

2019).The composition of the main ingredients such as carbapol-940, 

sodium carboxylmethyl cellulose, xanthan gum, silicon dioxide, glycerin, 

polyethylene glycol, sorbitol, sodiumlauryl sulfate, methyl paraben, 

menthol, sodium saccharin, triethanolamine, neem extract and distilled 

water were varied according to the D-optimal mixture design. The 

experimental design of fifteen main components system was conducted by 

using Design Expert (version 7.0.0, State Ease Inc., Minneapolis, USA). 

 

Determination of Physico-chemical Characteristics of Formulated Herbal 

Gel Toothpaste 

The physico- chemical characteristics such as pH using the pH 

meter (EUTECH pH 700) , viscosity using Rotating Viscometer (P Selecta, 

STS -2011), transparency and  extrudability(Shende, 2018), spreadability 

and foaming power (Phalke et al., 2019) were analyzed at room 

temperature. 
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Results and Discussion 

The moisture content of the material to be extracted with organic 

solvent should be less than 10 (%w/w) so that the solvent can penetrate 

efficiently into the material. After 12 days of air drying, the neem twigs 

powder had a moisture content of 8.34 (%w/w) thus giving a favorable 

condition for extraction process. The ethanol solvent was used to extract the 

bioactive compounds from neem twigs powder because it is generally 

useful for the extraction of phytochemicals from plant material. The 

extraction method used in this research was the maceration method and the 

particle size of neem twigs was (-80+100) mesh size. The yield percent was 

14.7% (w/w).  

Table 1 shows the phytochemicals compounds present in the neem 

extracts.  The analysis revealed the presence of flavonoids, alkaloids, 

tannins, saponins, polyphenols and steroids. Different phytochemical 

constituents like alkaloids, flavonoids, phenolic compounds, steroids and 

ketones are present in various parts of neem plants that possess biologically 

active properties (Verkerk. and Wright., 1993).  This extract was applied to 

numerous aspects of life which are but not limited to pharmaceutical, food 

preservation and alternative source of natural medicine among others. The 

neem extract includes flavonoids, glycosides, tannins, alkaloids, 

polyphenols, saponins and anthraquinones in this study and several other 

studies (Kubmarawa, D.et al., 2008). 

 

Table 1. Phytochemicals Present in Neem Extract 

Sr. No Phytochemicals Test 
Results 

Ethanol 

1. Alkaloids Mayer’s Test + 

2. Carbohydrate  Molisch’s Test + 

3. Flavonoids General Test + 

4. Glycosides General Test + 

5. Polyphenol Ferric Chloride Test + 

6. Saponins Foam Test + 
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Sr. No Phytochemicals Test 
Results 

Ethanol 

7. Steroids Chloroform Test + 

8. Terpenoids Chloroform Test + 

9. Tannins Ferric Chloride Test - 

 

The results of the FTIR spectrum of the extract are depicted in 

Figure 1 and Table 2. The broad band (3500-3200 cm
-1

) corresponds to 

hydroxyl group (bonded) O-H band and C=O indicating the compound to be 

aliphatic carboxylic acid, phenol and alcohol. So, the broad band around at 

3390.86 cm
−1

 was due to the O-H stretching mode of hydroxyl, phenol and 

alcohol groups. These broad bands show the presence of alkaloids, phenols, 

terpenoids, tannins, oxalates, saponins, and favonoids in the ethanol and 

methanol neem extract according to Guchhait et al.  (2022). The band at 

2939 cm
-1

 was due to double absorption of C-H stretching vibration of an 

aliphatic carbon compounds. Also, the bands at 700 cm
-1

, 780 cm
-1

, 820 cm
-

1
, 875 cm

-1
,925 cm

-1
 can be assigned as C-H alkene and C-H alkane. These 

bands are indicative of terpenoid group of compounds present in neem 

extract reported by Senthilkumar and Sivakumar, (2014). The observed 

band around (1260-1000) cm
-1

can be due to the C= C, C-C stretching and 

O-H band. This can be due to the aromatic ring, alcohol, aliphatic amines, 

represent phenol group. The band around (1500-1600 cm
−1

) and (1260- 

1800 cm
−1

) signify aromatic rings C=C stretching vibration, enhanced by 

polar functional groups. The strong peak appeared at 1401 cm
-1

 that could 

be assigned to stretching vibrations of C= C and C = O bonds .Noh et al 

(2017) reported that the band (1670-1620 cm
-1

) and (1650-1600 cm
-1

) 

correspond to C= C and C = O stretching vibration. The bands at 1624cm
-1 

are represented the presence of flavonoid compounds and polyphenol group 

in the neem extract. The results from FTIR display the presence of the 

groups: O-H, C-H, and C=O C-O, C-N,C=C, C=N and stretching. From 

FTIR analysis, it can be inferred that alcohols, terpenoids, ketones, 

aldehydes, flavonoid and carboxylic acid were presented in extract from 

tender twigs of neem and these groups are responsible for the various 

medicinal properties of neem extract according to MaobeMAG et al (2013). 
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Figure 1. FTIR Spectrum of Extract of Tender Twigs of Neem 

 

Table 2. FTIR Absorption Bands and Band Assignments of Neem Extract  

No. Experimental 

Frequency 

(cm
-1

) 

Literature 

Frequency 

(cm
-1

) 

Band 

Assignments 

Type of Identified 

Compounds 

1 3390.86 3500-3200 O-H and C=O Alcohol , Phenol 

2 2939 3000-2850 
C-H 

 

Alkane, Long 

change aliphatic 

alkanes 

3 1624 
1670-1620 

1650-1600 C=Cstretch, 

C=Ostretch 

Flavonoids 

4 1401 1800-1260 
Aromatic ring, 

alcohol, aliphatic 

amines, Phenol 5 1060 1260-1000 

C=Cstretch,O-H 

bends, C-N 

stretch 

6 

700 

780 

820 

875 

925 

900-675 

-CH2 rock( log 

chain) 

C-H bends 

Terpenoids, long- 

chain aliphatic 

amines , Phenol 
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Figure 2. Antimicrobial Activities of Neem Extract 

 

Antimicrobial activity of neem extract from tender twigs was 

investigated and the results are shown in Table (3) and Figure (2). The 

neem extract showed the antimicrobial activity against all test 

microorganisms except Escherichia coli. The extract showed that the zone 

of weak antimicrobial activity against Malassezia furfur and 

Staphylococcus aureus was 12 mm. The moderate antimicrobial activity 

against Bacillus subtilis and Pseudomonas fluorescens was 13 mm. The 

zone of highest antimicrobial activity against Candida albicans was 16 mm. 

Awache et al., (2017) has been reported that the extract of tender twigs of 

neem shows high activity of Staphylococcus aureus and this extract also 

showed more effect on Bacillus species according to (Yerima et al. 2012). 

So, the prepared herbal gel toothpaste had antibacterial properties against 

the oral microbial flora due to the presence of alkaloids, terpenoids and 

flavonoids present in the extract of tender twigs of neem plant. It was 

evident that the extract of tender twigs neem had a great antimicrobial 

potential against different oral microorganisms. 

 

 

 

 

 

A=prepared neem extract 

B=Control (ethanol) 
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Table 3. Antimicrobial Activity of Neem Extract 

Test Organisms Zone of Inhibition  

(Diameter mm) 

Bacillus subtilis 13 

Candida albicans 16 

Escherichia coli - 

Malassezia furfur 12 

Pseudomonas fluorescens 13 

Staphylococcus aureus 12 

Note: Agar well size=8 mm, 10 -12 mm = weak activity,  

13 - 18 mm = high activity, >18 mm =very high activity 

 

Table 4 displays analysis of variance (ANOVA) with their responses 

such as pH, viscosity and overall acceptability. In order to evaluate the 

contribution of each of these components and the quantitative effects of the 

different proportions of the formulation variables on the responses pH, 

viscosity and overall acceptability, the response surface models were 

calculated with Design-Expert software. Statistical value analyzed by 

ANOVA proved that the assumed mathematical model, was significant and 

valid for the responses such as pH, viscosity and overall acceptability. The 

Model   F-value, P-values, the Lack of Fit F-value for pH, viscosity and 

overall acceptability show model terms are significant.  

Non-significant lack of fit is good, so the model is fit. The Predicted 

R² of 0.6487 for pH is in reasonable agreement with the Adjusted R² of 

0.8104 the Predicted R² of 0.9519 for viscosity is in reasonable agreement 

with the Adjusted R² of 0.9793 and the Predicted R² of 0.7978 is in 

reasonable agreement with the Adjusted R² of 0.9310 i.e. the difference is 

less than 0.2.  

The actual equations for the linear model describing three responds 

such as pH, viscosity and overall acceptability of the herbal gel toothpaste 

can be written as:  

Extract 
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R1 (pH)      = +0.142988A -0.136772C -0.056157D +0.035930E 

+0.057141G       +0.060253H   +0.152732L 

+0.057518P 

R2 (viscosity)   = +85013.26567A +3.01974E +05C -2.91952E+05D 

+21815.32834E     +13896.11794G +57247.00327H -

1.36307E+06L +5448.24087P 

R3 (overall acceptability) = -0.346407A -1.26099C -3.00160D -0.272166E 

+0.265091G +1.09464H +1.67233L 

+0.080682P 

A positive term in the linear regression equation represents an effect 

that favors optimization, owing to positive effects, whereas a negative term 

reveals negative effects between the factors and the response (Wu et al, 

2014).  

Table 5 indicates the comparison of physico-chemical characteristics 

of formulated herbal gel toothpaste and commercial gel toothpaste. From 

this table, the physical appearance of both commercial gel toothpaste and 

formulated herbal gel toothpaste has smooth texture. The pH of formulated 

herbal gel toothpaste is lower than that of commercial gel toothpaste but the 

foaming power, spreadibility. extrudability are not quite different. 

According to these results, the physico-chemical characteristics of 

formulated herbal gel toothpaste are nearly the same with that of the 

commercial gel toothpaste. So, the formulated herbal gel toothpaste is well 

comparable with that of commercial grade gel toothpaste. 

 

Table 4. Analysis of Variance (ANOVA) for pH, Viscosity and Overall 

Acceptability 

Source 
Response1 

pH 

Response 2 

Viscosity (cP) 

Response 3 

Overall 

Acceptability 

R Square 0.8933 0.9884 0.9310 

Adjusted R Square 0.8104 0.9793 0.8774 

Predicted R Square 0.6487 0.9519 0.7978 

Mean Square 5.23 7.594 6.13 

eqn(2) 

eqn(3) 

eqn(1) 
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Source 
Response1 

pH 

Response 2 

Viscosity (cP) 

Response 3 

Overall 

Acceptability 

F Value 11.41 109.11 17. 36 

P Value 0.0008 0.0001 0.0001 

Lack of Fit (F Value) 0.8232 5.32 0.1832 

Lack of Fit (P Value) 0.6475 0.3240 0.9523 

CV (%) 0.5419 1.88 6.04 

Std. Dev. 0.0283 14254.14 0.3701 

 

Table 5. Comparison of Physico-chemical Characteristics of Formulated  

    Herbal Gel Toothpaste and Commercial Gel Toothpaste          

Sr. 

No. 
Characteristics 

Formulated 

Gel 

Toothpaste 

Commercial  

Gel Toothpaste 

Close up Colgate 

1. Physical appearance smooth smooth smooth 

2. pH 5.301 6.54 6.72 

3. Viscosity (cP) 66108.581 173850 51296 

4. Transparency Translucent Translucent Translucent 

5. Extrudability (%w/w) 90.7 90.77 90.53 

6. Spreadability (cm) 6.9 6.5 6.7 

7. Foaming Power (mL) 40 40 38 

(Shende., 2018) and (Phalke et al., 2019) 

 

Conclusion 

The purpose of this study was to extract tender neem twigs and 

determine their potential commercial applications in the cosmetic industry, 

using specific objectives. A maceration method with ethanol was used and 
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the yield of neem extract was 14.7 (% w/w) for 25 days of extraction time, 

and (-80 +100) mesh of particle size of neem powder was obtained. The 

results of phytochemical screening and Fourier transform infrared (FTIR) 

spectra showed that alcohols, terpenoids, ketones, aldehydes, flavonoids, 

and carboxylic acids were found in extract of tender twigs. The 

incorporation of the neem extract obtained from tender twigs of neem in the 

formulation of herbal gel toothpaste prevented the growth of Bacillus 

subtilis, Candida albicans, Malassezia furfur, Pseudomonas fluorescens, 

and Staphylococcus aureus. Afterwards, the formulation of herbal gel 

toothpaste with neem extract was conducted using D-Optimum Mixture 

Design. The present study pointed out that D-optimal mixture design was an 

effective and beneficial tool for carrying out the optimization study 

of herbal gel toothpaste formulation. A linear mathematical model was 

suggested for the pH, viscosity, and overall acceptability of herbal gel 

toothpaste. The research findings also provide a guideline on the effects of 

ingredients on their physico-chemical and sensory properties, especially in 

herbal gel toothpaste products. Therefore, the formulation of herbal gel 

toothpaste using the neem extract is recommended to maintain oral hygiene 

and prevent the bacterial growth. 
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Growth, Mortality and Exploitation Rates of Bengal Silver 

Pomfret, Pampus griseus (Cuvier and Valenciennes, 1833) 

from Asin Landing Center, Southern Mon Coastal Area 

Zarni Ko Ko
*
 

 
Abstract 

The growth parameters; asymptotic length L∞, growth curvature 

parameter K, age at zero length t0 and growth performance index ϕ′ of 

Pampus griseus were found to be 38.33 cm, 0.37 per year, -0.062 years, 

and 2.735. During the present study, the total mortality (Z), the natural 

mortality (M), and the fishing mortality (F) were estimated as to be 5.83 

per year, 0.86 per year, and 4.97 per year of P. griseus. The recruitment 

pattern of the species was found continuous all around the year with two 

peaks in the present investigation. Virtual population analysis estimated 

that the maximum numbers of P. griseus are collected between the mid 

length 8.5 cm and 28.5 cm with the maximum F value (59.21 per year) 

in the mid length of 28.5 cm. The exploitation value of P. griseus 

indicated the overfishing condition (E = 0.85, > 0.50) during the present 

study area. 

Keywords: Growth rate, mortality rate, exploitation rate, Asin landing     

      center, Southern Mon coastal area. 

 

Introduction 

Pomfrets belonging to family Stromateidae is one of the most 

important commercial fish in the Indo-Pacific Region, including Myanmar. 

Genus Stromateus (= Pampus) was established by Bonaparte (1837). This 

genus is highly demanded in the regional trade. Five species of pomfrets 

(Pampus) were described from Bay of Bengal by Cuvier and Valenciennes, 

1833. Pomfret is one of the most important export species from Mon and 

Tanintharyi coastal waters. It is accepted as P. argenteus (silver pomfret) in 

both commercial and technical literature. Based on the molecular genetic 

investigation, Wei et al., (2022) stated that it is not P. argenteus but P. 

cinereus (grey pomfret). The two cryptic species, one from the Arabian Sea 

(Pampus species 1) and another from the Bay of Bengal (Pampus species 2) 

(Wei et al., 2022). 
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All authors, however, agree that the distribution of P. argenteus 

does not extend into the Bay of Bengal. And then it was distributed mainly 

in the northwest Pacific. If Pampus sp. 2 is considered as distinct species, P. 

griseus probably is the valid species according to Wei et al., (2022).  

In the study of fish population dynamics, theoretical mathematical 

models were used to estimate the equilibrium yields, later more commonly 

known as the maximum sustainable yield. However, the models used in fish 

population dynamics require age data that is not easily variable. In 1930, 

Russell stated that the biomass of the fish population is affected by natural 

mortality, fishing mortality, recruitment, and growth, and then published the 

yield equation, S = R+G-M-F, where S = population biomass, R = 

recruitment, G = growth, M = losses due to natural mortality, and F = losses 

due to fishing mortality (Russell, 1931). According to Russell’s model, the 

maximum sustainable yield of the fishery is where (R+G-M) is largest, 

meaning that where the natural rate of increase is maximum.  

The objective of the present study is to estimate the growth, 

mortality, and exploitation rates of Pampus griseus to provide scientific 

data for the management of the Bengal silver pomfret fishery in Mon 

coastal area.  

 

Materials and Methods 

Study area and Sample collection 

The samples of Bengal silver pomfret, Pampus griseus, were 

collected from Asin fish landing centre (15°13′ N and 97°47′ E) of southern 

Mon coastal area during the period from June 2019 to May 2020, with the 

exception of June 2019– August 2019, where no samples were taken due to 

the closing season of fishing in Myanmar coastal area under the regulation 

of Department of Fisheries. The selected landing site was the most available 

area for the collection of the Bengal silver pomfret, P. griseus because the 

present study area was one of the most important landing centers in Mon 

coastal area.  
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Figure 1.   Map showing the collection site of the samples in  Southern Mon 

coastal area 

 

Estimation of Growth Parameters and Growth performance index 

Monthly length frequency distribution of Pampus griseus was 

analyzed using the FiSAT II computer programmed (Gayalino et al., 2005).  

The parameters of the von Bertalanffy Growth Function (VBGF), the 

asymptotic length (L∞) and growth curvature (K) were estimated by means 

of ELEFAN-I. The value of theoretical age at length zero (t0) was estimated 

by using Pauly’s empirical equation (Pauly, 1979): 

Log (-t0) = -0.392 – 0.275 Log L∞ -1.038 K 

The resultant values of growth parameters (L∞, K, t0) were 

substituted in the von Bertalanffy growth equation: Lt = L∞ (1-e 
-K (t-

 
t
0

)
) 

Where Lt is the length at age t, K is the growth coefficient or the rate at 

which L∞ is approached and t0 is the age of the fish at zero length. The 

resultant L∞ and K were used to calculate the growth performance index (øʹ) 

using the Pauly and Munro, 1984’s equation: ϕ′= 2 logL∞ + logK   
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The recruitment pattern was estimated from recruitment curves 

obtained by the reverse projection of the length frequency data onto the 

time axis using the estimated value L∞, K and t0 (Pauly, 1984). 

 

Estimation of Mortality Rates and Exploitation Rate 

The length-converted catch curve was utilized for the calculation of 

instantaneous annual mortality rate (Z) (Pauly, 1984). The natural mortality 

(M) was calculated by Pauly’s empirical equation:  

Log M = - 0.0066 – 0.279 log L∞ + 0.6543 log K + 0.4634 log T 

Where T = the mean annual water temperature °C, which is assumed to 

reflect the sea surface temperature in the survey area (Pauly, 1984). In this 

study, the mean annual temperature of the sea surface was considered as 

27°C (Ebrahimi, 2006) (as cited in Pauly, 1984). The fishing mortality (F) 

was calculated by subtracting the natural mortality from the instantaneous 

annual mortality: F = Z – M (Appeldoom, 1984) (as cited in Pauly, 1984). 

The exploitation rate (E) was calculated using the following formula 

(Gulland, 1985): E = F/Z (as cited in Pauly, 1984). 

 

Estimation of Recruitment Pattern 

Recruitment patterns were obtained by projecting the length 

frequency data on the time axis using the estimated values of the growth 

parameters using the ELEFAN II program. Relative yield per recruit (Y/R) 

and relative biomass per recruit (B/R) were estimated from the model of 

Beverton and Holt (1966) as modified by Pauly and Soriano (1986). 

 

Results                                

The analysis of length frequency data by the ELEFAN I gave 

asymptotic length, L∞ = 38.33 cm and growth coefficient, K = 0.37 year
-1

.  

The estimated t0 value was -0.062 and the growth performance index ϕ′ was 

2.735 (Figure 2 (A)). Therefore, the von Bertalanffy growth equation of 

Pampus griseus can be expressed as: Lt = 38.33 (1- e
-0.37(t+0.062)

) during the 

present study. Moreover, the mortality values of P. griseus were calculated 

to be 0.86 year
-1

, 4.79 year
-1

 and 5.83 year
-1 

for natural mortality (M), 
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fishing mortality (F) and total mortality (Z) and the exploitation rate (E) 

was also calculated as 0.85 in the present study (Figure 2 (B)).  

 

 

 

 

 

 

 

 

Figure 2. (A and B): A) von Bertalanffy growth curve superimposed on the 

restricted length frequency histogram, B) Length converted catch 

curve of P. griseus during the present study. 

 

The length at first capture, Lc or L50 (the length at which 50% of P. 

griseus becomes vulnerable to the gear) was calculated as a component of 

the length converted catch curve analysis. The value obtained was L50% = 

23.34 cm from the analysis of the probability of capture. The length at 

which 25% and 75% of the fish are retained in the gear was estimated as 

L25% = 21.81 cm and L75% = 24.89 cm during the present study (Figure 3 

(A)). Two recruitment peaks of P. griseus were also found in the present 

investigation, one in March- June (the highest in May) and another in 

August- September (the highest in September). The percentage of 

recruitment was ranged from 2.93% (January) to 15.11% (May) (Figure 3 

(B)).  
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Virtual population analysis (VPA) performed on Pampus griseus in 

the present study indicated that the minimum and maximum fishing 

mortalities were recorded as 0.0078year
-1

 and 59.21 year
-1

 for the mid 

lengths of 8.5 cm and 28.5 cm respectively. The fishing mortality (F) was 

higher over the mid lengths at 28.5 cm (Figure 4 (A)). The maximum 

relative yield per recruitment (Y' / R) was equal to 0.053, which achieved at 

Emax = 0.5. The exploitation rate of the population obtained in this study 

exceeded the maximum allowable limit based on Y' / R calculation (Emax) 

which was 0.421 year
-1

 in the present study (Figure 4 (B)). Moreover, the 

value of the natural mortality rate to growth coefficient (M / K) was 2.3.  

 

 

 

 

 

 

 

 

 

 

Figure 3. (A-B): A) Probability of capture of each length class, and B) 

Recruitment pattern of P. griseus during the present study. 

 

 

Figure 4. (A-B): A) Length based virtual population analysis, and B) the 

relative yield and biomass per recruit plot of P. griseus during the 

present study. 
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Discussion 

The present result for growth parameters (L∞ and K) of Pampus 

griseus did not show much difference when compare to L∞ and K values 

estimated by other authors for genus Pampus from different regions. Many 

earlier reports were documented only on the growth parameters of P. 

argenteus from difference regions. However, there were no informations 

about of the growth parameters of P. griseus from difference localities and 

Myanmar coastal regions.  

Moreover, the t0 value of P. griseus in the present study was -0.062 

years. King (1997) reported that the t0 value usually find a small positive or 

more usually a small negative factor. The author stated that juveniles with 

negative t0 values grow faster than the predicted growth curve than the 

adults. Therefore, the fact might be showed that the juveniles of P. griseus 

had the high condition as observed in the present study. Furthermore, the 

present estimation of øʹ value was 2.735. Mandal (2006) showed that the 

growth performance index (øʹ) values in fishes generally vary between 2 

and 4 with the majority of the case around 3. Such variations are associated 

with environmental conditions and differential intensities. The present 

estimation was coincided within the above observation. So, the variations of 

the present findings were also associated with the difference fishing 

activities.    

The values of the natural mortality (M) and fishing mortality (F) 

estimated using the length converted catch curve method during the present 

study were 0.86 per year and 4.97 per year. During the present study, the 

fishing mortality was higher than the natural mortality. In the present study, 

June to August was limited as closing season of fishing in Myanmar by 

Department of fishery. In the later months of September, the fishing effort 

was increased immediately so the fishing mortality rate was comparatively 

high in study period. Moreover, the exploitation rate (E) of Pampus griseus 

was found to be 0.85 in the present study area. Therefore, the stock of P. 

griseus pointed out the overfishing condition in this study. Howevere, there 

were no previous informations about the exploitation rate of Pampus 

griseus in the present study area and the other regions.  

The present study showed the two major recruitment events per year 

indicating two cohorts were produced in a year. The length at first capture 

Lc from selection pattern was found to be 23.34 cm in the period present 

study. The length structure VPA is a powerful tool for the stock assessment 
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by which the size of each cohort is estimated along with annual maturity 

caused by fishing (Nurul Amin and Zafar, 2004). In the present 

investigation, the F-at-length array showed that the high fishing mortality is 

occurring in length between 8.5 cm and 28.5 cm respectively. The 

estimation in present study was found that the fishing mortality was high 

the mid lengths 26.5 cm, 24.5 cm and 32.5 cm which was similar to the 

above result.  

During the present study period. Emax was a level of exploitation that 

leads to maximum sustainable yield (MSY). Beverton and Holt (1957) 

mentioned that the value of the natural mortality rate to growth coefficient 

(M/K) ranging from 1.5 to 2.5 and the ideal value of this equivalent 2.0 and 

any excess of this value exposure the vulnerability of fish to the natural 

mortality considerably before it reached the stage aging. The current results 

showed that the value of M/K was 2.3, higher than the ideal value, but 

within an acceptable range. Therefore, the present investigation showed that 

the natural mortality of fish was considerable before it reached the stage 

aging. 

 

Conclusion 

In the present research, higher fishing mortality of Pampus griseus 

opposed to the natural mortality observed from the present study indicated 

the unbalance position in the stock. Two major recruitment peaks per year 

were observed in P. griseus in this study. The exploitation level of P. 

griseus was significantly higher than the optimum level of exploitation (E > 

0.50). The present work offered that the basic information can be useful in 

the stock assessment of P. griseus fishery in Mon coastal area. Thus, from 

the present study, it is evident that the fishing of P. griseus stock was over 

fished in the present study area and hence, there is an urgent need to reduce 

the current effort for the sustainable yield. 
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Abstract 

Morphometric study of common orient clam, Meretrix lusoria was 

undertaken for the period of three seasons from December 2021 to 

November 2022 at the Bay of Hunters, Northern Rakhine State. 

Relationships between shell length (L), shell height (Ht), shell width 

(Wd), shell hinge (Hg), total weight (Twt), wet weight (Wwt), and dry 

weight (Dwt) were analysed in total 300 hard clams. The shell length of 

M. lusoria collected from clam beds of Bay of Hunters ranged between 

2.6 to 4.8 cm and the mean shell length was 3.12 cm. Linear regressions 

in M. lusoria were Ht= -0.3355+1.0552L, Wd= -0.9889+1.2470L, Hg= -

0.31834+0.8016L, Twt= -0.9657+2.9864L, Wwt= -1.7821+2.7846L, 

and Dwt= -0.1998+0.8035Wwt respectively. The exponent b value lied 

between 0.802-2.986 in the present study. 

Keywords: Morphometric study, Common orient clam, Bay of Hunters, 

     Linear regression, Exponent value. 

 

Introduction 

Veneridae, is a very large family of saltwater clams, marine bivalve 

molluscs. Over 500 living species of venerid bivalves are known, most of 

which are edible, and many of which are exploited as food sources. Marine 

bivalve molluscs have two valves or shells and bilaterally symmetry. Shells 

jointed by hinge ligament and held closed by adductor muscles. One of the 

species that belongs to Veneridae is Meretrix lusoria of the genus Meretrix, 

which is commonly known as the common orient clam. M. lusoria is 

usually found on soft bottoms in the mangrove ecosystem and estuary.  

M. lusoria supports fisheries and aquaculture industries in Rakhine 

State. They are commercially important for Myanmar People including 

local people living in Rakhine Region. They occur naturally all along the 

Rakhine Coast. Soft parts of M. lusoria are eaten raw or steamed. The shells 

can be found in beaches and collected to make souvenirs. Bivalve shell 

handicrafts are very common souvenirs at the beach tourism in Myanmar 
                                                   
*
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coast. M. lusoria are also primary source of income for local people around 

Rakhine coast. The estimated area of Bay of Hunters is 1000 ha, which is 

also composed of mangrove and estuarine ecosystems that are potential as 

the habitat of Meretrix clams. 

In Myanmar, Soe Thu (1970) recorded the diversity of seashells 

from Ngapali. Consequently, Kyaw Myint (1971) published a checklist 

comprising of 248 species of marine gastropods, bivalves and cephalopods 

in Moscos Islands. The list includes 72 families which however is not yet a 

complete checklist for Myanmar. Naung Naung Oo (2020) identified a total 

of 28 taxa belonging to 18 genera, 16 families and 6 orders under the class 

Bivalvia of the Phylum Mollusca in Mon Coastal Area. According to 

previous records, Naung Naung Oo (2021) also recorded 95 species of 

brackish water and marine molluscs in Nantha Island, Sittway Point and 

Hnget Gaung Taung in northern Rakhine State.  

The objectives of this study are to analyze the morphological 

variation of M. lusoria, and to study morphometric characteristics of M. 

lusoria in the Bay of Hunters Areas. 

 

Materials and Methods 

Specimens of the M. lusoria were collected from sandy shore and 

mud flat areas in upper intertidal to subtidal zones along the Bay of Hunters 

(Lat. 20º 0´ 7" N, Long. 93º 16´ 34" E) during December 2021 to November 

2022. M. lusoria burrow down in the mud and sand using their foot to 

protect themselves. The samples of M. lusoria were collected applying two 

methods; (1) hand picking by using spoon in sandy bed during low tide and 

(2) a scoop net (Yet -Theat) about 60 cm mouth diameter and 3cm mesh 

size about 3-5 m water depth during high tide. Specimens were preserved in 

5% formaldehyde solution for identification and morphometric 

measurement. The taxonomic aspect of this study followed the 

classification system of the World Register of Marine Species (WoRMS 

2022). 

Morphometric measurements of clams were noted using a Vernier 

caliper, and the weight measurement by an electric digital balance. The total 

300 hard clams were studied in relationships between length, width, height, 

hinge length, total body weight, and wet weight during February 2022 to 

February 2023. All morphological measurements such as shell length, 
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height, width, total weight, wet weight and dry weight were calculated 

following the method adopted by Abraham (1953). Regressions of height, 

width, hinge length, total weight, wet weight and dry weight on shell length 

were analysed by the simple equation for linear regression;  

Y=a Xb, 

where Y was taken as height (Ht.), width (Wd.), hinge length (Hg), total 

weight (Wt.), wet weight (WWt.) and dry weight (dWt), respectively. X 

was taken as shell length (Lt). ‘a’ and ‘b’ are constants to be determined 

empirically. 

 

 

 

 

 

 

 

 

 

 

 

Figure.1. Map showing the sample collection site of the study area 
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Figure 2. Vernier caliper for morphometric measurements (cm) and 3).    

     Digital balance for   weight measurements (g). 

 

Results 

Morphometric relationship in M. lusoria 

Allometric relationships between whole body weight, length, width, 

height, hinge, wet weight and dry weight were studied. The constants were 

determined from the morphological collected data. The relationships 

between length and height, length and width, length and hinge, length and 

total weight, length and wet weight, and dry weight and wet weight were 

studied for the M. lusoria clams. The relationships were determined using 

simple linear equations, where L is length, Ht is height, Wd is width, Hg is 

hinge, Twt is total weight, Wwt is wet weight, and dry weight. The 

regression analysis of the allometric data was described in Table 1 and Fig. 

4. A-F. 

In M. lusoria, the length of the shell ranged from 2.6-4.8 cm, the 

height of the shell ranged from 2-4 cm, the width of the shell ranged from 

1.1-2.6 cm, as well as the hinge of the shell ranged from 1.5-2.8 cm, the 

total weight of the shell ranged from 6.87-49.55 g, the wet weight of the 

shell ranged from 2.87-14.87 g, and the dry weight ranged from 4-34.68 g. 

 

 

 

2 
3 
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Table 1. Allometric relationship between morphometric characters of M. lusoria 

Sr 

No 

 

Parameters 

 

Range(X) 

 

Range(Y) 

 

Mean±SD 

M
ed

ia
n
 

V
ar

ia
n

ce
  

Linear equation 

 

Regression coefficient 

 

n 

X Y Max Min Max Min a b r 

1 Length(L) Height(Ht) 4.8 2.6 4 2 3.115±0.358 3.1 0.128 Ht= -0.3355 + 

1.0552 L 

-0.336 1.055 

 

0.825* 300 

2 Length(L) Width(Wd) 4.8 2.6 2.6 1.1 2.658±0.301 2.65 0.093 Wd= -0.9889 + 

1.2470 L 

-0.989 1.247 0.891* 

 

300 

3 Length(L) Hinge(Hg) 4.8 2.6 2.8 1.5 2.764±0.314 2.75 0.101 Hg= - 0.3183 + 

0.8016 L 

-0.318 0.802 0.596* 

 

300 

4 Length(L) Total 

Weight(Twt) 

4.8 2.6 49.55 6.87 10.298±3.528 9.39 22.50 Twt= - 0.9657 + 

2.9864 L 

-0.966 2.986 0.911* 300 

5 Length(L) Wet 

Weight(Wwt) 

4.8 2.6 14.87 2.87 4.657±1.159 4.46 1.985 Wwt= - 1.7821 

+ 2.7847L 

-1.782 2.785 0.940* 

 

300 

6 Dry Weight 

(Dwt) 

Wet 

Weight(Wwt) 

34.68 4 14.87 2.87 8.654±3.382 7.81 13.457 Dwt= - 0.1998 + 

0.8035 Wwt 

-0.199 0.804 0.963* 300 

 

 

 

5 
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(A) 

(C) 

(B) 

Figure 4. A-C. Linear relationship between length and height, length   

                and width, and length and hinge in M. lusoria 
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(D) 

(F) 

(E) 

Figure 4. D-F. Linear relationship between length and total weight, length and 

     wet weight, and wet weight and dry weight in M. lusoria 
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Discussion 

In the present study, the shell length of M. lusoria collected from 

clam beds of Bay of Hunters ranged between 2.6 to 4.8 cm and the mean 

shell length was 3.12 cm. Rimelahas et al. (2022) mentioned that the length 

of the shell of M. meretrix ranges from 2.60-4.90 cm, the width of the shell 

ranges from 2.10-4.20 cm, as well as the thickness of the shell, ranges from 

1.10-3.00 cm and the wet weight ranges from 5.80-18.86 g in Karang 

Gading estuary, Deli Serdang District, Indonesia.  

In this study, the morphometric equations for M. lusoria were Ht= -

0.3355+1.0552L, Wd= -0.9889+1.2470L, Hg= -0.3183+0.8016L, Twt= -

0.9657+2.9864L, Wwt=-1.7821+2.7847L, and Dwt=-0.1998+0.8035Wwt. 

George et al. (1986) observed on the height- length and whole- meat weight 

relations of mussel (Perna viridis) by the equation y (height)= 0.360+0.988 

x(length) for wild and y (height)= 0.334+1.011 x(length) for cultured. 

Moreover, they also studied the length- height relationship of clams 

(Villorita cyprinoides) by the equation y= 0.485+1.005 x. Torii et al. (2010) 

established the method to identify M. lusoria and M. petechialis from shell 

morphology in Japan and Korea.  

Niamaimandi (2012) calculated the relationship of total length and 

weight of Solen brevis from the Bushehr area of the Persian Gulf 

determined by exponential regression was: W=0.6912 L 2:96. Meshram and 

Mohite (2016) studied the relationships between shell length (L), shell 

height (Ht.), shell width (Wd), hinge length (Hg), total weight (Wt.), wet 

weight (WWt) and dry weight (dWt) in total 1200 blood clams. In that 

study, the linear regressions calculated were Ht=6.068+0.7106 L, 

Wd=2.938+0.9041 L, Hg=-0.7707+0.6649 L, Log Wt=Log (-2.795) +2.67 

Log L, Log Wwt= Log(-1.0834)+1.2395 Log L, Log Dw=Log (-2.16)+1.30 

Log L. Su Thawdar Hnin (2021) calculated the morphometric relarionship 

of M. meretrix at Ye River estuary in Southern Mon Coast. She mentioned 

the linear regressions as Ht= 2.713+ 0.054 L, Wd= - 0.9034+ 0.8963 L, 

Hg= - 1.3926+ 0.2972 L, Twt= -0.4024+ 2.93 L, Wwt= - 0.9597+ 2.45 L, 

and Wwt= 1.4199+ 3.38 Dwt. 

In M. lusoria, the exponent b value lied between 0.802-2.986 in the 

present study. Therefore, the length of the shell was larger than the other 

parts of the body because of b value. Matsumasa et al. (1999) referred to the 

morphometric characteristics of the mussels namely Mytilus edulis 

Linnaeus and M. galloprovincialis in the Asamushi Area, Northern Japan. 
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Yuewen et al. (2008) studied the significant differences in three shell 

dimensions (length, width and height), shell weight and total wet weight 

among three populations of M. meretrix (P < 0.05), indicating large 

differences in growth pattern of the populations studied.  

Gasper et al. (2002) reported the shell morphometric relationships of 

the total of 7497 bivalves (Mollusca: Bivalvia) of the Algarve coast 

(Southern Portugal). Almost all regressions were significant (P<0.05= 52%) 

or highly significant (P<0.01= 44%), the only exceptions being the W/L 

relationships for two bivalve species. The results revealed that both for 

height/ length and width/ length morphometric relationships most species 

presented positive allometric growth (H/L= 11 species; W/L= 15 species), 

followed by isometric growth (H/L= 7 species; W/L= 6 species) and by 

negative allometric growth (H/L= 7 species; W/L= 4 species). 

Bura et al. (2011) measured the morphometric studies on Anodonta 

anatine from the Dognecea Lake. In that study, the shell’s height at umbone 

had an average of 62.42±0.58 mm and the individual extreme limits varied 

from 58 mm and 70 mm. Correlation among most economically important 

characters such as wet mass and visceral mass or wet mass and mass after 

water draining had very strong positive values r=0.83 and 0.92 respectively 

indicating the positive correlation. Positive correlations but with distinct 

significant values were identified for shell’s width and visceral mass 

(r=0.69) and shell’s length and visceral mass (r=0.79). Positive weak 

correlations were determined also between height at umbone and ligament’s 

length (r=0.27) and between height at umbone and shell’s width (r=0.18). 

Hamli et al. (2015) examined the morphometric variations of three 

common species (Polymesoda erosa, P. bengalensis and P. expansa) based 

on 15 morphometric characters. Analysis of variance had revealed 

significant differences (P<0.05) for cardinal tooth length (LCT)/ standard 

length (SL) and ventral posterior margin length (VPM)/ standard length 

(SL) for proportion ration on morphometric variables among species. 

Ghobashy et al. (2017) studied the linear models of the bivalve Callista 

chione for length-length and weight-weight relationships and power models 

for length-weight relationships in Timsah Lake, Suez Canal, Egypt. All the 

relationships showed a positive significant relationship (P<0.001). The 

correlation coefficient (R
2
) showed a good fitted data and the exponent b 

vale indicated a negative allometry. Haumahu and Uneputty (2018) 

researched the morphometric ratio from ten species of Nerita found in 
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intertidal zone of Oma Village, Central Moluccas, Eastern Indonesia based 

on one way ANOVA. They showed that all shell dimensions were 

significantly different. 

In Morocco, Amane et al. (2019) reported the comparison of 

variance of four morphometric index (elongation index (height/lenght), 

compactness index (width/length), convexity index (width/height) and 

weight linear ratio (weight/length) using Fisher test revealed a significant 

morphometric difference between the six populations of Ruditapes 

decussatus (p<0.05). For the 240 individuals, the length, the height, the 

width and the weight were, (25.86–49.36) (min-max), (20.29–33.94), 

(14.18–24.23) and (5.30–22.01) respectively in that study. Then the median 

of length, height, width and weight also seemed to be different among all 

populations. 

 

Conclusion 

In the present study, the length of M. lusoria ranged from 2.6 to 4.8 

cm was found throughout the year. M. lusoria was occurred a stable 

condition in all the seasons. In this study, the exponent (b) value indicated a 

negative allometry. As a result, they grow faster in length of the shell than 

in the other parts of body. Allometric relationships in all combinations 

showed that these all factors are significantly related to each other.  
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Abstract 

Phytoplankton species composition, abundance, and diversity were 

analyzed based on the monthly water samples collected from the 

nearshore water of Panataung from November 2019 to October 2020. 

One hundred and fifty-six taxa of phytoplankton belonging to 41 families 

and 69 genera were listed. Phytoplankton community of Panataung was 

dominated by diatom with 81% of the total sample (127 species), 

followed by dinoflagellate (24 species, 15%) and blue-green algae (3 

species, 2%). Silicoflagellate and green algae were found very scarce 

with 1 species (1%) for each. The monthly species composition ranged 

from 25 species (August) to 82 species (February). The total cell density 

of phytoplankton varied from 796.7 no/m
3
 (December) to 6987 no/m

3
 

(May). Thallassionema nitzschioides, Chaetoceros curvisetus, T. 

frauenfeldii, Dictylum brightwelli, Rhizosolenia shrubsolei and C. 

lorenzianus were the most abundant species. Diversity index values 

resulting from the study area ranged from 2.07-3.19 for species diversity 

index (H'), 0.50-0.93 for evenness index (E'), and 3.34-9.40 for species 

richness index (D'). 

Keywords: Blue green algae, diatom, dinoflagellate, green algae, 

silicoflagellate 

  

Introduction 

Phytoplankton are tiny free-floating plant components that occur in 

any aquatic environment. They comprise diverse groups based on the cell 

wall arrangement and cell structure such as diatoms, dinoflagellates, 

silicoflagellates, and blue-green algae. 

Being primary producers of aquatic ecosystems, phytoplankton 

initiate the marine food chain by serving directly or indirectly as food to all 

consumers such as zooplankton, invertebrate and fish. Thus, the 
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composition and dynamics of phytoplankton are very important for 

estimating the abundance of fisheries resources and for sustaining the 

aquaculture of filter-feeding organisms. Phytoplankton abundance and 

composition of an aquatic ecosystem are in turn governed by various 

physico-chemical factors (Sin et al.1999). 

The phytoplankton communities are also sensitive to changes in 

their environment, thereby, can be used as an effective bio-indicator for 

assessing water quality including eutrophication and pollution (Reynolds et 

al. 2002). In addition, phytoplankton can sequester carbon dioxide by the 

process of photosynthesis. Thus, they are responsible for climate mitigation 

(Mario et al. 2005). Shannon-Weiner diversity index can be used to 

measure the status and health of any water area by knowing the species 

abundance, richness, and evenness of the species (Shannon and Weiner 

1949). 

Some phytoplankton species can be harmful to fish, shellfish, 

mammals, and even humans by releasing toxic substances (paralytic 

shellfish toxin, hepatotoxin, neurotoxin) under their favorable conditions. 

Thus, long-term monitoring studies on the distribution, composition, and 

abundance of phytoplankton are essential. Although studies on species 

composition, occurrence, and abundance of phytoplankton in nearshore and 

offshore surface water of Tanintharyi coastal areas were available from the 

literature including those of Si Thu Hein 2010, Khin Yu Nwe 2011, Nyo 

Nyo Tun and Si Thu Hein 2014, Khin May Chit Maung et al. 2020, 

seasonal variation of phytoplankton community in Panataung water area has 

not been reported yet. Thus, the objectives of the study were to record the 

list of phytoplankton species, observe the abundance, and composition of 

phytoplankton species, and analyze the diversity status of phytoplankton in 

the present study area. 

 

Materials and methods 

Monthly phytoplankton samplings were conducted in the nearshore 

water of Panataung (Lat 12° 63´ N and Long 98° 66´ E), the northern part of 

Myeik, Taninthayi Region (Figure 1) from November 2019 to October 

2020. Water samples were collected by horizontal haul using the 

phytoplankton net with 60cm in length, 25cm in mouth diameter, and 25 μm 

in mesh size. Triplicate phytoplankton samples were collected during the 

sampling time. The concentrated samples within the net bucket were 
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transferred and preserved with a 2% formaldehyde solution. Phytoplankton 

samples were identified under the light microscope based on their specific 

morphological characteristics. Species identification followed the systems 

used by Tomas (1997) and Han Shein and Kyi Win (2012).  

The species belonging to each group were recorded and the numbers 

of individuals in each species were counted. The density of phytoplankton 

species was expressed as the number of individuals per m
3
 of water filtered 

through the net. The filtered volume of water entering the phytoplankton net 

can be estimated and calculated as follow: 

V =πr
2
l 

where ‘V’ is the volume filtered, ‘r’ is the radius of the hoop at the front of 

net and ‘l’ is the distance through which the net is hauled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Species diversity indices for each sample were calculated by using 

the formula of Shannon and Weaver (1963), Pielou (1966), 

H'=-∑ PiIn Pi,   

E'=H'/InS,   

D'=S-1/InN (Ludwig and Renylods, 1998) 

Figure 1. Map showing the study area 
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where H' is species diversity index, Pi is the population abundance of i
th

 

species calculated by ni/N, ni is the number of the i
th

 species, N is the total 

number of individuals in a station, E' is species evenness index, S is the 

total species number and D' is species richness index.  

The resulted ecological indices were evaluated according to Lestari 

et al. (2021): low diversity H’≤ 2; moderate diversity 2 < H’≤ 3; and high 

diversity H’ > 3 for diversity index, and community under pressure: 0 < E ≤ 

0.5; unstable community 0.5 < E ≤ 0.75; stable community 0.75 < E ≤ 1 for 

evenness index. Seawater temperature and salinity were measured by using 

thermometer and refractometer. 

 

Results 

Monthly water samplings were conducted in the waters off 

Panataung to assess the species composition, abundance, and diversity of 

phytoplankton and their environmental parameters: temperature and 

salinity. Temperature values fluctuated from 26.52ºC (October) to 32.5ºC 

(March) with a mean 30.4±2.6 during the study period. Surface salinity 

value varied between 24.38 ‰ (September) to 33 ‰ (May) with 30.5±3.8 

as shown in Figure 2. 

 

Seasonal composition and density 

A total of one hundred and fifty-six phytoplankton species 

comprising 127 species of diatom (Bacillariophyceae), 24 species of 

dinoflagellate (Dinophyceae), 3 species of blue green algae 

(Cyanophyceae), 1 species of silicoflagellates (Chrysophyceae) and 1 

species of green algae (Chlorophyceae) were listed in Table 1. The most 

diverse and dominant group of phytoplankton community was diatoms that 

composed of 81% of all phytoplankton species, followed by dinoflagellates 

(15%) and blue green algae (2%). Silicoflagellates (1%) and green algae 

(1%) were found very scare with 1 species for each (Fig .2). 
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Table 1. List of phytoplankton groups observed in the study area 

Sr no. Group/Species 

 Diatoms 

1 Cyclotella striata, C. stylonum, Detonula pumila, Lauderia annulata, 

Planktoniella sol, Thalassiosira eccentrica, T. oestrupii, T. decipiens, Lyrella sp., 

Asterionellopsis glacialis, Stephanophyxis palmeriana, Paralia sulcata, 

Schroderella sp., Corethron criophilum, Coscinodiscus asteromphalus, C. 

centralis, C. granii, C. lineatus, C. marginatus, C. oculus-iridis, C. radiatus, C. 

perforates, C. janesianus, C. nitidus, Coscinodiscus sp., C. wailesii, , Palmeria 

hardmaniana, Asteromphalus flabellatus, A. cleveanus, A. hookeri, Rhizosolenia 

bergonii, R. cochlea, R. imbricata , R. robusta,  R. setigera, R. styliformis, R. 

calcar-avis, R. cylindricus, R. fragillissima, R. hebetata  f. semispina, R. 

stolterfothii, R. shrubsolei, Rhizosolenia sp, Pseudosolenia calcar-avis, Probosia 

alata, P. indica, Guinardia flaccida, G. striata, Dactyliosolen fragilissimus, 

Cerataulina dentate, C. pelagica, Climacodium frauenfeldianum, Eucampia 

cornuta, E. zodiacus, E. cylindricornis,  Hemiaulus hauckii,  H. membranaceus, 

H. sinensis, Bacteriastrum delicatulum, B. elegans, B. furcatum, B. hyalinum, B. 

varians, Chaetoceros affinis, C. attanticus, C. coarctatus, C. compressus, C. 

curvisetus, C. decipiens, C. denticulatus, C. didymus var anglica, C. diversus, C. 

extensum, C. laciniosus, C. lorenzianus,  C. paradoxus,  C. peruvianus, C. 

pseudo curvisetus, C. tortissimum, Bellerochea horologicalis, B. malleus, 

Ditylum brightwelli, Ditylum sol, Helicotheca tamesis, Odontella mobiliensis, O. 

sinensis, O. aurita, Triceratium favus, Lamprisus shadbolttanum, Amphora 

turgida, Amphora sp., Thalassionema frauenfeldii, T. nitzschioides, Diploneis 

carbo, Meuniera membranacea, Navicula sp,  Trachyneis antillarum, Haslea sp, 

Grammatophora oceanica, Pleurosigma angulatum, P. diverse-striatum, P. 

elongatum, P. formosum,  P. nicobaricum,  P. normanii, Bacillaria paradoxa, B. 

paxillifera, Cylindrotheca  sp,  Pseudonitzschia seriata, P. pungens,  Nitzschia 

sp, Nitzschia longissima, N. lorenziana, N. closterium, Entomoneis sulcata, 

Surirella fastuosa, S. cuneata, Surirella sp, Campylodiscus clypeus, Fragilaria 

sp., Synedra sp, Asterionella japonica, Rhabdonema sp., Plagiotropis 

lepidoptera, Mastogloia erythraea, Hemidiscus cuneiformis, Striatella 

unipunctata 

 Dinoflagellate 

2 Prorocentrum compresum, P. micans, P.  sigmoides, Prorocentrum sp, 

Dinophysis caudata, Ceratium breve, C. carriense, C. furca, C. fusus, C. 

massiliense, , C. trichoceros, C. extensum, C. tripos, Notiluca scintillans, 

Pyrophacus horologium, Pyrocystis elegans, Podolampus palmipes, 

Protoperidinium cerasus, P. conicum, P. depressum, P. oblongum,  P. 

oceanicum, P. pentagonum, P. pedunculatum 

 Silicoflagellate 

3 Dictyocha fibula 
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Sr no. Group/Species 

 Blue green algae 

4 Oscillatoria sp., Anabaena sp., Nodularia sp 

 Green algae 

5 Dunaliella salina 

 

 

 

 

 

 

 

Figure 2. A) Boxplot showing the variables of temperature and salinity;        

    B)  Percentage composition of phytoplankton group 

The occurrence numbers of phytoplankton species were variable 

among the season. Monthly species composition ranged from 25 species 

(August) to 82 species (February) as shown in Figure 3. The composition of 

dominant diatom group ranged from 20 species (September) to 66 species 

(February). The most abundant genera occurring in the study area were 

Chaetoceros (16 species), Rhizosolenia (13 species), Coscinodiscus (12 

species), Ceratium (8 species) and Protoperidinium (7 species). 

 

 

 

 

 

 

 

Figure 3. Monthly wise dynamics in the number of phytoplankton group 

         from November 2019 to October 2020 

A B 
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Total phytoplankton cell density showed fluctuation ranging from a 

minimum value of 796.7 no/m
3
 (December) to a maximum value of 6987 

no/m
3
 (May) as seen in Figure 4. High abundance of phytoplankton species 

occurring in the study period were Thallassionema nitzschioides (3023.33 

no/m
3
), Chaetoceros curvisetus (1722.67 no/m

3
), T. frauenfeldii (1510 

no/m
3
), Dictylum brightwelli (1123.33 no/m

3
), Rhizosolenia shrubsolei (918 

no/m
3
), Chaetoceros lorenzianus (893.33 no/m

3
) and Ceratium furca 

(823.33 no/m
3
). The total density of silicoflagellate, Dictyocha fibula was 

45.67 no/m
3
 and only occurred in January, February, April, and July. The 

abundance of blue green algae comprising Anabena sp., Nodularia sp., and 

Oscillatoria sp were recorded with a density of 223.33 no/m
3
 for all 

months. Green algae, Dunaliella salina (5no/m
3
) was only found in 

February. 

Cluster analysis was determined based on the abundance of 

phytoplankton species. Except for the month of February, the similarity 

level of the month was not too different between the month at the range of 

28.9%-46.5% similarity level and showed two distant groups composed of 

February and the rest of all months (Figure 5). 

 

 

 

 

 

 

 

Figure 4. Seasonal variation of phytoplankton cell density (no/m
3
)  
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Figure 5. Dendrogram of phytoplankton species similarity produced by     

    clustering of the month 

 

Species diversity, evenness, and richness  

Diversity index including species diversity, evenness, and richness 

calculated from the species composition and abundance were presented in 

Figure 6. The diversity index H´ values ranged from 2.07 (January) to 3.19 

(November) with a mean of 2.71±0.4. The value of evenness index E´ 

ranged from 0.50 (January) to 0.93 (November) with 0.75±0.1. For richness 

index value D´, it varied from 3.34 (September) to 9.40 (February) with 

5.5±1.8. 

 

 

 

 

 

 

 

Figure 6. Boxplot showing the diversity index values of phytoplankton:     

       H'=species diversity index, E'=Evenness index, D'= Richness  

       index 
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Discussion 

The number of species occurring in the study area were higher than 

the report of Zin Lin Khine and Htay Aung 2009 in the waters of 

Ayeyarwady, Mon and Taninthayi coastlines surveyed by the cruise ‘MV 

SEAFDEC 2’ and Si Thu Hein and Lett Wai Nwe 2016, Nyo Nyo Tun et al. 

2015 from the nearshore water of Myeik Archipelago and lower than those 

of Khin May Chit Maung et al. 2020 in Taninthayi coastal water surveyed 

by R/V DR. FRIDTJOF NANSEN and Nyo Nyo Tun et al. 2020 from some 

potential areas for culturing pearl oyster in Myeik Archipelago. 

Zin Lin Khine and Htay Aung (2009) stated that dinoflagellates 

were more dominant than diatoms both in terms of species and abundance 

in the waters of Ayeyarwady, Mon and Taninthayi coastlines. From the 

present result, it was obvious that the species numbers of diatom were more 

than those of dinoflagellates in all stations. Similarly, higher species 

numbers of diatoms than dinoflagellates were observed in Bay of Bengal 

(Boonyapiwat et al. 2008), R/V Dr. Fridtjof Nansen survey in Taninthayi 

coastal waters (Nyo Nyo Tun and Si Thu Hein, 2014, Khin May Chit 

Maung et al. 2020) and nearshore surface water of Taninthayi coastal 

regions (Si Thu Hein 2010, Khin Yu Nwe 2011, Zarni Ko Ko 2018).  

The maximum and minimum cell densities of phytoplankton varied 

seasonally. High phytoplankton density occurred in May, April, June, 

September and October during the study period. Nyo Nyo Tun et al. 2015 

reported that higher phytoplankton densities were recorded in post-monsoon 

season than pre- monsoon from Metaw waters near Kanmaw Island. But 

high cell density of phytoplankton in the rainy season (July) from the water 

off Kyun Su Island was reported by Si Thu Hein and Lett Wai Nwe 2016. 

The occurrence of higher cell density may be related to the difference in the 

locality and the supply of nutrients discharged from the land. Babu et al. 

2013 described the distribution and abundance of phytoplankton in tropical 

water varied remarkably due to seasonal environmental fluctuation. 

Moreover, Cebrian and Valiela 1999 stated that coastal waters are 

influenced by the influx of dissolved nutrients through rivers in terms of 

high productivity. 

The species diversity index of plankton communities can indicate 

that the ecosystem is under the influence of pollution or eutrophication. An 

increase in diversity values means the water quality is recovered. Lower 

species diversity indicated the influence of pollution (Nassar and Gharib 
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2014). According to the resulting ecological index values, phytoplankton 

community of Panataung water area showed moderately distributed species 

diversity and a stable community. 

 

Conclusion 

There were 156 species including 127 diatoms, 24 dinoflagellates, 1 

silicoflagellate, 3 blue-green algae, and 1 green algae composed in the 

phytoplankton community of Panataung water area. With regard to the 

monthly percentage composition of the phytoplankton group, diatoms 

contributed the maximum percentage. The contribution of phytoplankton 

abundance and diversity is the most important for the potential biomass 

production of the coastal and offshore waters. The density of phytoplankton 

species is sufficient for supporting a rich fisheries resource and maintenance 

of aquaculture in this area. Further studies on the structure and organization 

of the phytoplankton community including dynamics of harmful algae will 

be effective for aquatic fisheries resources. 
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Abstract 

Morphometric analysis of Asian green mussel Perna viridis (Linnaeus, 

1758) inhabiting a subtidal rocky shore of Ye estuary was studied from 

March 2016 to February 2017. The calculated values of length-height 

relationship for the study period were SH = 0.7379 SL + 0.1919 for 

males, SH = 0.8195 SL + 0.0356 for females and SH = 0.7639 SL + 

0.1397 for combined sexes while length-width relationships were          

SW = 0.8656 SL - 0.2502 for males, SW = 0.9197 SL - 0.3614 for 

females and SW = 0.8835 SL - 0.2875 for combined sex. All 

morphometric relationships except height-tissue wet weight for female 

mussel established showed negative allometric growth with 'b' values 

ranging from 2.30 - 2.71. The coefficient of correlation 'r' values 

obtained for all morphometric relationships of P. viridis is closed to one 

which indicates that a significant and high degree of positive correlation 

is between the morphometric relationships of this species. Most of the 

highest correlation values were observed in the relationships deal with 

total length. The relationships between length-height and length-width 

are seen to be of the linear type and those between length-weights, 

height-weights and width-weights follow the non-linear pattern for the 

study period of 12 months. The positive allometric relationship in 

length-tissue wet weight might be due to the difference in the growth 

rate between male and female mussels. The result of this study will 

provide baseline information for fisheries researchers and for the further 

assessment and management of mussels in the estuary ecosystem of Ye 

River. 

Keywords: Asian green mussel, Ye estuary, morphometric 

relationships, linear and non-linear pattern 

 

Introduction 

The study area, Ye River, is situated in the southern Mon coastal 

area of Myanmar and its mouth is facing the waters of Andaman Sea. This 

area often becomes the Asian green mussel Perna viridis capturing area and 

it is one of the important bivalve species for daily income of local people. 

Rich mussel beds are located in subtidal rocky stretches up to Ye River. In 
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recent years, however, the fishermen exploit mollusks from the natural beds 

even before they reach the harvestable size. According to the local 

fishermen, the reducing number and size of mussels are being collected 

from the rocky shore of this area. Studying mollusk's growth and 

establishing allometric relationships are, therefore, necessary for successful 

fishery resource management and understanding environmental conditions 

and pollution (Palmer, 1990). 

 Like most organisms, mollusks also exhibit progressive changes in 

their relative proportions with increasing body size. The allometric equation 

has also revealed extensive use in physiological investigation and in studies 

of mussel production for estimating flesh weight relative to the 

measurement of shell length (Gosling, 1992). The comparative study of 

length-weight relationship of bivalves is important as it describes 

mathematical relationship between length and weight changed according to 

their habitat and life cycle (Le-Cren, 1951).   

 Information on shell dimensions and weights of Perna viridis is 

essential for its proper fisheries assessment and management. Thus, this 

study was embarked on aiming at providing useful information on the 

morphometric relationships of Asian green mussel caught in subtidal waters 

of estuarine portion of Ye River where such study was lacking. Hence, 

researchers will be able to make reasonable predictions on P. viridis in the 

estuarine ecosystem for better management and sustainability of mussel 

fishery. 

  

Materials and Methods 

Sample Collection: For the study of morphometric relationships, data 

collection of this research was conducted from March 2016 to February 

2017. Fifty samples were monthly collected from the subtidal rocky natural 

mussel beds under about 10 meters during low tide in Ye estuary (Lat. 15º 

11' N, Long. 97º 48' E) by the local mussel collector (Fig. 1).  

Sample Measuring: Shell length (maximum distance between the anterior 

and posterior end of the shell), height (maximum dorso-ventral distance) 

and width (maximum distance between the lateral axis) of P. viridis were 

accurately measured to the nearest 1 mm using vernier calipers for their 

dimensions. Total weight of individual was weighed to the nearest 1 g by 

using electronic compact scale (SF-400 A). Mussels were then opened; 
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tissue was removed from the shell and blotted to remove excess water in 

order to ensure accuracy before weighing the tissue. The individual weight 

of tissue and shell was then determined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Map showing the collection site of the P. viridis from Ye estuary, 

Mon State. 

 

Data Analysis: The allometry of combined sex, male and female Perna 

viridis was examined for morphometry length-height, length-width and 

length-weights relationships. In addition, the morphometry of height-

weights and width-weights was also analyzed. Morphometric relationships 

were estimated using the linear equation Y=bx+a, where 'a' (intercept) and 

'b' (slope) are constant. The allometric relationships W=aL
b 

was calculated, 

where 'a' and 'b' are constants (Le-Cren, 1951; Park and Oh, 2002). The 

correlation coefficient (r) was estimated for the relationship. The equation 

W = aL
b 

can be expressed in linear form using natural logarithm as        Log 

W = log a + b log L. It can be concluded as increase in weight is isometric 

when 'b' = 3, as weight increase is allometric when the value of b is other 

than 3. If the value of b is greater than 3, there is positive allometric and if 

sampling station 
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that is less than 3, it is negative allometric relationship (Sokal and Rohlf, 

1987; Zar, 1999; Thomas, 2013). Microsoft Excel 2010 was used to encode 

and transform morphometry of the mussel. 

 

Results and Discussion 

Analysis of its length against weight has become a standard practice 

in fishery studies (Ricker, 1973). During the study period, the dimensional 

length-height and length-width relationship of the shells was analyzed and it 

was found that the shell length, height and width increased in a linear 

pattern (Fig. 2). However, a few individuals of the same length showed 

different heights and widths. The calculated values of length-height 

relationship for the study period were SH = 0.7379SL + 0.1919 for males, 

SH = 0.8195SL + 0.0356 for females and SH = 0.7639SL +0.1397 for 

combined sexes while those of length-width relationship were                  

SW = 0.8656SL - 0.2502 for males, SW = 0.9197SL-0.3614 for females and 

SW = 0.8835SL - 0.2875 for combined sex. The 'b' values of the length-

height and length-width relationship of Perna viridis were 0.7379 and 

0.8656 for male, 0.8195 and 0.9197 for female, and 0.7639 and 0.8835 for 

combined sex. These values are significantly different from the theoretical 

slope of 1.0 showing negative allometry. The results showed that 'b' values 

are higher in female than male. 

 

 

 

 

 

Figure 2. Length-height and Length-width relationships for male, female 

and combined sex of Asian green mussel, P.  viridis. 

 

  In the present study, the 'b' values for length-height and length-

width relationships were greater than those of P. viridis reported from other 

Asian countries (Amin and Thippeswamy (2008); Thejasvi et al., (2013); 

Thejasvi et al., (2014). Their results of 'b' values ranged from 0.39 to 0.51 

for length-height relationship and from 0.30 to 0.33 for length-width 

relationship. The coefficient of correlation 'r' values obtained from 
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morphometric relationship between length-height were 0.9314 for male, 

0.9196 for female, 0.9256 for combined sex and those between length-width 

were 0.9424 for male, 0.9592 for female, 0.9451 for combined sex in the 

present study. These values are close to 1 and it indicates that there is a 

strong relationship between length-height and length-width relationships of 

Perna viridis from the estuarine portion of Ye River.Therefor the rate of 

increase in shell length is more proportional to the rate of increase in height 

and width of P. viridis form the present study than that of from other Asian 

countries.  

  Morphometric relationships of 600 mussels during the study period 

were represented in Tables 1-3 and Figures 3-5. From the data analysis, the 

results of morphometric relationships between length and weights of 

specimens showed non-linear pattern and did not show any significant 

difference between males and females (Fig. 3). The allometric relationship 

between shell length and total weight can be used for monitoring the growth 

of their species in the natural population and some individuals of the same 

length show different width and height and these differences constitute 

shape variations (Soumady, 2012). The fluctuations of 'b' value in length-

weight relationship is directly related to the weight affected by ecological 

factors such as temperature, food supply, spawning conditions and other 

factors such as sex, age, sampling time and area (Shafee, 1978). 

 The exponential value 'b' of shell length-total weight for P. viridis 

collected from the study area was calculated as 2.3594 males, 2.6228 for 

females and 2.4139 for combined sex respectively which is indicating that 

there is a significant variation in the growth rate (Table 1). The exponential 

values 'b' of shell length-total weight of P. viridis collected from other 

Asian countries were 2. 26245 for P. viridis from Mumbai waters, India 

(Sharma et al., 2005), 2.60 from the intertidal of Malacca, Malaysia (Al-

Barwani et al., 2007), 2.95 from the intertidal habitat of Coconut Island, St. 

Mary's group of Islands, India (Amin and Thippeswamy 2008), 2.52 from 

the estuary portion of Naf river coast, Bangladesh (Khan et al., 2010), 2.67 

from estuary  Versova Creek, India (Sundaram et al., 2011), 2.7411 from 

intertidal habitat of Mukka, India (Thejasvi et al., 2013), 2.7745 from 

subtidal habitat of Mudga, Madalli, Karwar, India (Thejasvi et al., 2014),  

2.6704 from Versova creek, India (Sushant and Sujit 2014) and  2.299 from 

the mussel farmers and gatherers in Bolinao Bay, Pangasinan, Northern 

Philippines (Aban et al., 2017). Soumady (2012) also reported that the 
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exponential value 'b' of shell length-total weight of matured males and 

females of P. viridis were calculated as 2.333 and 2.470 respectively. 

 During the present study, the 'b' values of length-tissue wet weight 

relationship were 2.4544 for male, 2.8239 for female, 2.5453 for combined 

sex (Table 1).  The 'b' values of length-tissue wet weight relationship 

reported from other Asian countries were 2.72 (Amin and Thippeswamy 

2008), 2.6711 (Thejasvi et al., 2013), 2.8040 (Thejasvi et al., 2014), 2.308 

and (Aban et al., 2017).  The 'b' values of length-shell wet weight 

relationship in the present study were 2.2460 for male, 2.3110 for female 

and 2.2328 for combined sex respectively. These values were lesser than the 

value reported for Perna viridis from other Asian countries. 

  

Table 1. Descriptive statistics and estimated parameters of length-weights 

relationship of P. viridis. (n=sample size, TW=total weight, 

TWW=tissue wet weight, SWW=shell wet weight, SL=shell 

length, a=intercept, b=slope; r
2
=coefficient of determination, 

r=coefficient of correlation and GT=growth type (–A=negative, 

+A= positive and             I= isometric growth)) 

Sex Equations  a b r
2 

r GT 

Male 

(n = 385) 

TW = a SL
b
 -2.8472 2.3594 0.9175 0.9597 - A 

TWW = a SL
b
 -3.5222 2.4544 0.8909 0.9439 - A 

SWW= a SL
b
 -2.9272 2.2460 0.9218 0.9601 - A 

Female 

(n = 215) 

TW = a SL
b
 -3.3712 2.6228 0.9311 0.9649 - A 

TWW = a SL
b
 -4.2666 2.8239 0.8948 0.9460 - A 

SWW = a SL
b
 -3.0746 2.3110 0.9280 0.9633 - A 

Combined 

Sex 

(n = 600) 

TW = a SL
b
 -2.9574 2.4139 0.9045 0.9510 - A 

TWW= a SL
b
 -3.7080 2.5453 0.8735 0.9346 - A 

SWW = a SL
b
 -2.9189 2.2328 0.9067 0.9522 - A 
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Figure 3. Length-weights relationships for male, female and combined sex 

of P. viridis. 

 

 From the data analysis, the results of morphometric relationships 

between height and weights specimens also showed non-linear pattern (Fig. 

4). The 'b' value for height-tissue wet weight for female mussel was 3.0637 

(Table 2). This result showed that the relationship between certain shell 

height and tissue wet weight of Perna viridis was positive allometric in 

females. All the other combinations analyzed were recorded as a negative 

allometric character, which might be due to the difference in the growth rate 

between male and female mussels. The present results of height-weights 

relationship are comparable with the finding of Aban et al., 2017. They 

reported 'b' value for both height-total weight and height-soft tissue weight 

relationships was 2.111 from Bolinao Bay, Pangasinan, Northern 

Philippines.  
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Table 2. Descriptive statistics and estimated parameters of height-weights 

relationship of P. viridis. (n=sample size, TW=total weight, 

TWW=tissue wet weight, SWW=shell wet weight, SH=shell 

height, a=intercept, b=slope; r
2
=coefficient of determination, 

r=coefficient of correlation and GT=growth type (–A=negative 

+A= positive and I=isometric growth)) 

Sex Equations a b r
2 

r GT 

Male  

(n = 385) 

TW = a SH
b
 -2.9763 2.9011 0.8708 0.9332 - A 

TWW = a SH
b
 -3.5395 2.9464 0.8059 0.8977 - A 

SWW= a SH
b
 -3.0125 2.7388 0.8604 0.9276  - A 

Female 

(n = 215) 

TW = a SH
b
 -2.8982 2.8533 0.8676 0.9315  - A 

TWW= a SH
b
 -3.7437 3.0637 0.8293 0.9106 + A 

SWW = a SH
b
 -2.6108 2.4851 0.8450 0.9192 - A 

Combined 

Sex 

(n =600) 

TW = a SH
b
 -2.9451 2.8817 0.8691 0.9323 - A 

TWW= a SH
b
 -3.6208 2.9930 0.8144 0.9024 - A 

SWW = a SH
b
 -2.8619 2.6438 0.8531 0.9236 - A 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Height-weights relationships for male, female and combined sex 

of P. viridis. 
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  The results of morphometric relationships between width and 

weights of specimens also howed non-linear pattern and did not show any 

significant difference between males and females (Fig. 5). The 'b' values of 

width-weights relationship for Perna viridis in the present study ranged 

from 2.3942 to 2.8767 (Table 3). The exponential value 'b' of shell width-

total weight for P. viridis collected from Bolinao Bay, Pangasinan, Northern 

Philippines was 2.705 and that of width-soft tissue weight was 2.678 (Aban 

et al., 2017).  

 

Table 3. Descriptive statistics and estimated parameters of width-weights 

relationship of P. viridis. (n=sample size, TW=total weight, 

TWW=tissue wet weight, SWW=shell wet weight, SW=shell 

width, a=intercept, b=slope; r
2
=coefficient of determination, 

r=coefficient of correlation and GT=growth type (–A=negative, 

+A=positive and I=isometric growth)) 

Sex Equations  a b r
2 

r GT 

Male 

(n = 385) 

TW = a SW
b
 -1.8252 2.4899 0.8621 0.9285 - A 

TWW = a SW
b
 -2.3809 2.5361 0.8024 0.8957 - A 

SWW= a SW
b
 -2.0029 2.4040 0.8909 0.9439 - A 

Female 

(n = 215) 

TW = a SW
b
 -2.0917 2.6780 0.8924 0.9447 -  A 

TWW= a SW
b
 -2.8794 2.8767 0.8537 0.9240 - A 

SWW = a SW
b
 -2.0141 2.4063 0.9251 0.9618 - A 

Combined 

Sex 

(n = 600) 

TW = a SW
b
 -1.9014 2.5438 0.8690 0.9322 - A 

TWW= a SW
b
 -2.5464 2.6487 0.8184 0.9047 - A 

SWW = a SW
b
 -1.9911 2.3942 0.8977 0.9475 - A 
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Figure 5. Width-weights relationships for male, female and combined sex of 

P. viridis. 

. The coefficient of correlation 'r' values obtained from all cases of 

morphometric analysis are more than 0.80 (Tables 1-3). These values 

indicate that a significant and high degree of positive correlation is between 

the morphometric relationships of this species. Similar high degree of 

positive correlation was reported in the earlier study in Perna viridis 

(Sharma et al., 2005; Soumady, 2012; Thejasvi et al., 2013; Thejasvi et al., 

2014; Aban et al., 2017). 

 In the present study, 'b' value for all the allometric relationships for 

length-weights, height-weights and width-weights were found to be less 

than '3', except for the 'b' values for height-tissue wet weight for female 

mussels. This result indicated that there is a significant variation in the 

growth rate and negative allometric. However, Park and Oh (2002) reported 

that the length-weight relationship was isometric in most of the species.  

 

Conclusions 

The relationships between length-height and length-width 

represented as linear patterns while the relationship between length-weights, 

height-weights and width-weights followed the non-linear patterns during 

this study period. The exponential 'b' values calculated for shell dimensional 

relationships during the present study were greater than that of other 

countries which is indicating that shell length of the Asian green mussel 

from Ye estuary is more proportional to the length of this species from other 
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geographical areas. The 'b' values for length-breadth and length-width 

relationships for the entire study period revealed that long individuals were 

wider with more thickness and inversely short individuals were narrow and 

having less thickness.  

 There is no isometric relation in this study. The negative allometric 

growth in the present study might be linked to the environmental characters, 

food availability and the reproductive strategy of P. viridis. The positive 

allometric of certain height and weight of females might be due to the 

difference in the growth rate between male and female mussels. The high 'b' 

values between morphometric relationships in female mussels revealed that 

growth of female mussels is greater than that of male mussels. 
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Study on Fecundity, Gonadosomatic Index (GSI) and Sex 

Ratio of White Sardine, Sardinella albella (Valenciennes, 

1847) in Nga Yoke Kaung Coastal Area 
Soe Thaw Thaw Tun


 

 

Abstract 

This study was conducted on some reproductive parameters such as 

fecundity, gonadosomatic index (GSI) and sex ratio of Sardinella albella 

collected from Nga Yoke Kaung area, Southern Rakhine coast in 

Myanmar. The fecundity of this species ranged between 14,147 and 

31,824 with an average of 20,531±5544.  The relative fecundity of S. 

albella was 975 to 1917 eggs per unit length of fish and 456 to 837 eggs 

per unit weight of fish. The average GSI value of females was high from 

December to February with a peak in January (2.95±0.3). In males, the 

maximum GSI value was observed in January (2.48±0.3). The GSI 

analysis indicated that this species started to spawn in January. The 

overall sex ratio of S. albella was observed as 1:1.1 and the chi-square 

test (χ
 2

) was 1.8 which indicated that there was no significant deviation 

from the expected ratio, 1:1 (significant at 5% level). 

Keywords: fecundity, sex ratio, gonadosomatic index, Sardinella  

        albella 

 

Introduction 

Nga Yoke Kaung Bay is a coastal area situated on the southern 

Rakhine coast of Myanmar. The primary economic sector of Nga Yoke 

Kaung Bay is fisheries. White Sardine (Sardinella albella) is one example 

of a commercially important fish that caught in Nga Yoke Kaung coastal 

area. The genus Sardinella contains small-sized, coastal, and pelagic 

species and is abundant in warmer waters of tropical and subtropical water. 

Some of which can be found even up to a depth of 300 m. They can be 

distinguished from other members of the Family Clupeidae in having a 

combination of characters such as the hind border of gill-opening with two 

distinct fleshy outgrowths, 7 to 14 frontoparietal striae, symmetrical paddle-

shaped second supra-maxilla, and the last two anal fin rays distinctly 

enlarged (Whitehead, 1985).  

Sardinella albella was first described and reported in the literature 

by the French ichthyologist Achilles Valenciennes in 1847. They constitute 
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one of the large parts of the commercial marine catch in the Myeik 

Archipelago and also the Rakhine Coastal region. The local name of 

Sardinella was famous as ‘Nga Kone Nyo’ in the Rakhine Coastal Region. 

The reproductive potential of the species and its life span plays an important 

role in the success or failure of fishery production. Detailed knowledge of 

the fecundity of fish is essential for evaluating the commercial 

potentialities, stock study, life history study, a particular culture, and actual 

management of the fishery (Rheman et al., 2002). Fecundity is also an 

important parameter in fishes for determining the reproductive potential of 

species. 

Gonadosomatic index (GSI) is an indicator of the sexual cycle of 

fish species, by which we can determine the time of spawning (El-Sayed, 

1996). A reliable indicator of fish reproductive seasonality is monthly 

variations in the GSI. The seasonal timing of reproduction and spawning 

time is often identified by changes in the gonadosomatic index which 

determines reproductive season (Arruda et al., 1993). The sex ratio can be 

used to study the total population of spawning fish. Furthermore, data on 

sex ratio and sexual maturity are critical for estimating population 

fecundity. The present study thus attempted to obtain current information on 

the reproductive biology of Sardinella in Nga Yoke Kaung for comparison 

with previously reported information on the species in the country. 

 

Materials and Methods 

Study areas and study period  

  The study was carried out at two stations: Sin Ma (Lat 16º 43′N and 

Long 94º 22′ E) and Nga Yoke Kaung (Lat 16º 31′ N and Long 94º 17′ E) 

(Fig 1) from June 2021 to February 2022. 

 

Sample collection, identification and preservation 

Fresh fish samples were collected monthly by random sampling 

method from fish landing centers in Sin Ma and Nga Yoke Kaung. A total 

of 605 fish samples (286 males and 319 females) ranging in size from 11.5 

cm to 17 cm total length and 18 to 38 g body weight were examined. The 

collected fish were preserved in an ice box and brought to the laboratory. 

Identification followed the classification and nomenclature systems used by 

Whitehead (1985), Munroe et al. (1999) and Psomadakis et al. (2019). The 
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total length of fish was measured from the tip of the snout to the tip of the 

tail to the nearest mm and body weight of the fish was also measured to the 

nearest 0.01gm. Fecundity was studied by examining the ovaries of twenty-

one specimens ranging from 14.1 to 16.2 cm in total length. For fecundity 

estimation, mature and ripe stages were used. After removing the ovaries 

from the 5% formalin solution, they were washed and excess moisture was 

blotted out by using blotting paper. The gravimetric method (Mac Gregor, 

1957) was used for the determination of fecundity. An amount of 0.05 g 

weighed portion from the anterior, middle, and posterior regions of each 

ovary was taken by using a digital electronic balance. The numbers of ova 

were counted and average numbers of ova from three portions were 

determined. 

 

 

 

 

 

 

 

 

 

Figure 1. Map showing the study area. 

Fecundity 

Fecundity was calculated according to the formula (Abraham et al., 

2011): 

× No. of ova in the sub-sample 

Relative fecundity in terms of the number of eggs per unit of fish 

length or fish weight was also estimated. Fecundity with fish total length, 

fish weight, and gonad weight were calculated based on the equation:  

Total weight of ovaryFecundity = 
Sub-sample weight of ovary
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Log F= Log a+ b Log X 

where F= Fecundity, a= constant, b= exponent, and X= fish length (or) fish 

weight (or) gonad weight. 

 

Gonadosomatic index (GSI) 

Gonadosomatic index (GSI)  helps information about the spawning 

period. GSI was calculated by using the formula given by Qasim (1973) 

GSI = 
       o   on  

        o      
     

 

Sex ratio 

Sex was determined by examination of the gonad. The sex ratio was 

calculated for different months using the formula: 

Sex ratio = 
Numb r o  m l 

 numb r o    m l 
 

 It is tested for the expected ratio of 1: 1 by chi-square (χ
2
) analysis 

according to the formula (Banerjee, 2004): 

   22chi square =
O-E

χ
E


 

where O = observed frequency, E = expected frequency 

 

Results  

Fecundity 

The estimated fecundity of Sardinella albella ranged from 14,147 to 

31,824 with an average of 20,531±5544 (Table. 2). The resultant r values 

from the regression equations listed in Table 1 indicated that there were 

positive relationships between fecundity and total length as well as between 

body weight and ovary weight. The number of ova increased at a rate of 

5.31 times the fish length, 2.63 times the fish weight, and 1.53 times the 

ovary weight (Fig 2). This means that fecundity generally increases with an 

increase in the total length of fish, body weight of fish, and ovary weight of 

fish. The relative fecundity (number of eggs per unit length of fish) of S. 

albella was 975 to 1917. The relative fecundity (number of eggs per unit 

weight of fish) in this species ranged from 456 to 837. 
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Table. 1. Fecundity in relation to different parameters 

 

Table.2 Fecundity of S. albella in matured ovaries. 

Sample No. Total Length Total Weight Ovary Weight Fecundity 

1 14.1 29 0.8 16192 

2 14.3 29 0.79 15595 

3 14.4 30 0.78 15304 

4 14.4 31 0.76 14638 

5 14.5 31 0.73 14147 

6 14.6 29 0.72 14486 

7 14.6 30 0.81 17366 

8 14.7 32 0.88 19571 

9 14.8 33 0.81 17059 

10 14.8 32 0.8 16832 

11 14.9 32 1.04 25667 

12 15.0 33 1.1 27214 

13 15.1 30 0.87 17591 

14 15.2 34 0.85 18734 

15 15.3 35 0.81 18290 

16 15.4 34 0.89 23087 

17 15.6 37 1.04 27165 

18 16.0 34 1.06 29235 

19 16.2 35 1.16 26750 

20 16.4 33 0.96 24403 

21 16.6 38 1.3 31824 

Average 
   

20531 ± 5544 

 

 

 

 

 

Relationships Regression equation r 

Fecundity (F) and total length (TL) Log F = -1.966 + 5.31 Log L  0.89 

Fecundity (F)and body weight (W) Log F = 0.3227 + 2.63 Log W  0.85 

Fecundity (F)  and ovary weight (OW) Log F = 4.3748+ 1.53 Log OW 0.96 
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Figure 2.Relationship between fecundity and (a) total length, (b) body weight, 

and (c) ovary weight of Sardinella albella 
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Gonadosomatic index (GSI) 

Changes in the weight of gonads and fish are reported in terms of 

GSI. Gonad weight is expressed as the percent of the total body weight of 

the fish. The index had been calculated per male and female of S. albella at 

a size ranging from 11.5 cm to 17.2 cm in total length. The average GSI of 

S. albella was estimated from June 2021 to February 2022. The average 

GSI of females was recorded as 0.8±0.2 in June, 1.41±0.2 in July, 1.7±0.1in 

August, 1.81±0.2 in September, 2.4±0.2 in October, 2.4±0.2 in November, 

2.73±0.3 in December, 2.95±0.3 in January, and 2.86±0.3 in February. The 

values of male GSI were 0.45±0.1 in June, 0.48±0.1 in July, 0.79±0.1 in 

August, 0.76±0.1 in September, 1.09±0.3 in October, 1.29±0.3 in 

November, 1.73±0.3 in December, 2.48±0.3 in January, and 1.93±0.2 in 

February respectively. 

  

Figure.3 Monthly average GSI values of males and females of Sardinella albella 

 

Figure 3 illustrates the outcome of the monthly trend of the 

gonadosomatic index for both sexes. An increase in GSI values indicates 

the development of gonads. The values gradually increased from June to 

February and reached their peak in January. It is observed that the lowest 

average GSI values were obtained in June and July. The monthly average 

GSI values of females were always higher than those of males in all 

months. 
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