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Abstract. Vincent M, Johnny Q, Adeni DSA, Suhaili N. 2021. Potential of Candida glabrata from ragi as a bioethanol producer using 
selected carbohydrate substrates. Nusantara Bioscience 13: 1-10. The flexibility and efficiency of fermenting microorganisms to convert 
substrates to ethanol are important factors in achieving high bioethanol yields during ethanolic fermentation. In this study, Candida 
glabrata, a common yeast found in fermented food, was evaluated in terms of its capability to produce ethanol using different types of 
carbohydrates, which included simple saccharides (glucose, maltose, sucrose), polysaccharides (starch and cellulose) and complex 
carbohydrates (total sago effluent, TSE). Our results indicated that C. glabrata was able to efficiently produce ethanol from glucose at 
79.84% TEY (Theoretical Ethanol Yield). The ethanol production from sucrose was low, which was only 6.44% TEY, while no ethanol was 
produced from maltose. Meanwhile, for complex carbohydrate substrates such as starch and cellulose, ethanol was produced only when 

supplementary enzymes were introduced. Simultaneous Saccharification and Fermentation (SSF) of starch dosed with amylases resulted in 
an ethanol yield of 55.08% TEY, whilst SSF of cellulose dosed with cellulases yielded a TEY of 31.41%. When SSF was performed on 
TSE dosed with amylases and cellulases, the highest ethanol production was recorded within 24 h, with a yield of 23.36% TEY. Lactic acid 
and acetic acid were found to be at minimal levels throughout the fermentation period, indicating an efficient ethanol conversion. A notable 
increase in C. glabrata biomass was observed in cultures fed with glucose, starch (with supplementary amylases), and TSE (with 
supplementary amylases and cellulases). The current study indicates that C. glabrata can be used for bioethanol production from glucose, 
polysaccharides, and complex starchy lignocellulosic substrates such as TSE via SSF. 

Keywords: Bioethanol, Candida glabrata, Metroxylon sagu, simultaneous saccharification and fermentation, total sago effluent  

INTRODUCTION 

The interest in producing renewable fuels has increased 

tremendously over recent years due to the instabilities of 

fossil fuel supplies and increasing global demands (Wei et 

al. 2015; Wong and Vincent 2019; Mohammad et al. 2020). 

Alternative liquid biofuel, such as bioethanol, is seen as the 

current choice of such renewable fuel to supplement and 

substitute petroleum-based fuel, due to its sustainability 

and carbon dioxide neutrality (Vincent et al. 2015; Hung et 

al. 2018). Compared to conventional gasoline, bioethanol is 

highly attractive as it offers cleaner combustion that is 
friendlier towards the environment. Economically, the 

bioethanol production and supply chain are also desirable 

as it creates many jobs and financial opportunities for both 

urban and rural areas (Ştefănescu-Mihăilă 2016). 

In mass bioethanol production, substrate selection plays 

a major role. It is one of the main cost factors for the 

ethanol industry (Vincent et al. 2015). There are currently 

many feedstock sources that are used as substrates for 

bioethanol production (Techaparin et al. 2017; Ahorsu et 

al. 2018; Mohammad et al. 2020). When substrates such as 

lignocellulosic biomass are used to produce bioethanol, this 
type of bioethanol is termed as second-generation 

bioethanol (Zhang et al. 2016). It is projected that in the 

future, second-generation bioethanol will replace first-

generation bioethanol, which is mostly produced from 

food-based materials, because of its low cost and feedstock 

abundance (Vincent et al. 2015; Ştefănescu-Mihăilă 2016). 

In bioethanol production, the typical bioprocess engaged is 

Simultaneous Saccharification and Fermentation (SSF) as 

this procedure offers higher reaction rates, higher yields, 

and greater ethanol concentrations compared to its closest 

counterparts such as Separate Hydrolysis and 

Fermentation. 

The efficiency of ethanol production is also influenced 

by the species of microorganisms used. The desired 

microorganism should be robust and capable of converting 

substrates to ethanol effectively. The most common 
examples of ethanol producers are Saccharomyces 

cerevisiae, Zymomonas mobilis and Fusarium oxysporum 

(Ali et al. 2016; Vincent et al. 2018; Mohammad et al. 

2020). Among these, S. cerevisiae has been mostly used in 

alcoholic fermentation due to its ethanol productivity. 

However, this particular species has several limitations. For 

example, poor stress tolerance and incapability to ferment 

xylose and arabinose, the main sugars released from 

hemicelluloses. Therefore, several genetic engineering 

studies to improve sugar utilization, ethanol production, 

and other applications have been explored (Carrasco et al. 
2013; Pagliardini et al. 2013; Wong and Vincent 2019). 

Another approach is to search for new fermenting yeasts 

that may perform better or are more flexible than S. 

cerevisiae (Vincent et al. 2018). 

Another yeast species that has similar characteristics to 

S. cerevisiae is Candida glabrata, which can be commonly 
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found in fermented foods (Tsuyoshi et al. 2005) and 

starters, such as ragi, a traditional fermented food starter 

(Kofli and Davaon 2010; Hajar et al. 2012; Vincent et al. 

2018). In this study, C. glabrata was isolated from the 

samples of ragi in Sarawak and was identified by using 

PCR and commercial identification kit. According to 

Kwon-Chung and Bennett (1992), C. glabrata was firstly 

classified under the genus Torulopsis due to its lack of 

pseudohypha production but in 1978, it was confirmed that 

the ability to produce pseudohyphae was not a reliable 
distinguishing factor for members of the genus Candida; 

and thus it was classified as a member of Candida genus, 

along with over 200 species. The C. glabrata cell size was 

reported to be small compared to other Candida species 

and is in the range of 1 to 4 µm (Fidel et al. 1999). In terms 

of ethanol production, C. glabrata is reported to be suitable 

for bioethanol fermentation as it possesses higher stress 

tolerance to acid and high temperatures in addition to 

impressive ethanol conversion capabilities (Watanabe et al. 

2010). According to Merico et al. (2007), C. glabrata was 

reported to yield high ethanol percentages when grown 
under anaerobic conditions. Furthermore, C. glabrata is 

suitable for SSF since the optimum temperature for 

amylolytic and cellulolytic activities is above 40 °C.  

Presently, limited information is available in the 

systematic studies of the ethanolic fermentation involving 

C. glabrata, especially when biomass is used as substrates. 

Biomass such as total sago effluent (TSE) can be found 

abundantly in Sarawak, Malaysia. TSE is a waste or 

residue from sago (Metroxylon sagu) industries that are 

usually disposed of into nearby rivers. According to 

Vincent et al. (2020), about 7 tons of TSE is discharged 

into the rivers per day from typical sago starch factories. 

This waste needs to be handled properly to avoid water 

pollution (Mohammad et al. 2020). TSE consists of sago 

hydrolysate, which is the liquid part while the solid 

component is called sago hampas. It is reported to contain 

high amount of lignocellulosic materials, which can be 

found in the solid sago hampas, making it suitable to be 

used as a substrate for bioethanol production (Hung et al. 

2018). The hydrolysate can also contribute to bioethanol 

production as it contains starch that can be converted into 
fermentable sugars (Vincent et al. 2015). Therefore, the 

main objective of this study is to investigate the abilities of 

C. glabrata in producing ethanol from a variety of 

carbohydrates, ranging from common simple carbohydrates 

(glucose – monosaccharide, sucrose, and maltose – 

disaccharides) to polymeric carbohydrates (starch and 

cellulose) and a complex carbohydrate mixture (total sago 

effluent). 

MATERIALS AND METHODS 

Experimental setup 

Figure 1 shows an overview of the experimental 
procedures in this study. 

Collection of total sago effluent 

TSE was collected from Herdsen Sago Mill Sdn Bhd in 

Pusa, Sarawak (Figure 2). The TSE samples were stored at 

-20 °C prior to its usage. 

 
 

 
 

Figure 1. Overall experimental setup 
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Figure 2. Total sago effluent (TSE) released from the sago mill in Pusa, Sarawak, Malaysia 
 
 
 

Characterization of sago hampas 

The moisture content of TSE sample was determined by 

measuring the weight loss from the initial weight after 

oven-drying (Shel Lab, USA) at 105°C for 3 days. Prior to 

the characterization process, the TSE was oven-dried 

before it was ground to fine powder. The powdered 
samples were subjected to starch and fiber analysis by 

using the Phenol-Sulphuric Acid assay (PSA), Acid 

detergent Fiber (ADF), Neutral Detergent Fiber (NDF), and 

Klason Lignin Determination (Goering and van Soest 

1970). The ash content was determined using furnace 

incineration, where the sample was subjected to dry ashing 

at 550°C for 6 hours in an ashing muffle furnace (KC, 

40/13. ThermConcept, Germany). 

Glycerol stock preparation 

The C. glabrata strain used in this study was isolated 

from samples of ragi, collected from Kuching, Sarawak 

(Malaysia) (Vincent et al. 2018). Isolation of yeast single 
colonies was carried out on Rose Bengal Chloramphenicol 

Agar (RBDC) (Hi Media, India) and the single colonies 

obtained were grown in YM broth (Sigma, USA) by 

shaking at 150 rpm (NB-101MT Multi Shaker, N-Biotek, 

Korea) at ambient temperature. For long-term storage, the 

stock culture was prepared by mixing culture medium with 

20% (v/v) glycerol (R&M Marketing, UK) and were stored 

at -20°C for preservation. 

Candida glabrata inoculum preparation 

For C. glabrata inoculum preparation, the cultures were 

taken from the glycerol stocks. The cultures were grown 
overnight in YM broth at ambient temperature with constant 

shaking at 150 rpm. The cultures were then centrifuged (BK-

1032J Low-Speed Centrifuge, Biobase, China) for 6 min at 

4500 rpm. The resulting C. glabrata cell pellets were used as 

inocula for fermentations in this work. 

Fermentation –using glucose, maltose and sucrose 

Fermentation medium was prepared in 500 mL Schott 

bottles containing 150 mL of mixed solution of 1.5 g/L of 

yeast extract (Bacto, USA), 3.0 g/L of bacteriological 

peptone (Bendosen Laboratory Chemicals, Malaysia) and 

5% (w/v) of either glucose (R&M Chemical, United 

Kingdom), maltose (R&M Chemical, United Kingdom) or 

sucrose (Bendosen Laboratory Chemicals, Malaysia) in 

0.05 M citrate buffer, pH 5.0. The pH of the media was 
adjusted to the optimum pH level for fermentation at 4.8, 

before it was autoclaved (Model No. 25X Electric Pressure 

Steam Sterilizer, All American, United State) for 15 min at 

121°C. Prior to the fermentation, the harvested cells, which 

were in the range of 1.29 x 108 cells/mL to 2.86 x 108 

cells/mL were added aseptically into the sterilized 

fermentation media. Fermentations were carried out, 

anaerobically for 5 days, at ambient temperature with a 

constant shaking of 150 rpm. For each type of sugar, the 

fermentations were done in triplicates (n=3). 

Fermentation –using starch and cellulose 

The two sets of media consisting of polysaccharides 
namely 5% (w/v) starch (Bendosen Laboratory Chemicals, 

Malaysia) and 5% (w/v) cellulose (Nacalai Tesque, Japan) 

were prepared separately. After the pH adjustment to 4.8, 

the media were autoclaved in order to sterilize and also to 

gelatinize the starch. Next, the harvested C. glabrata cells 

and 75 µL of each amylase (Sunson, China), α-amylase 

(EC.3.2.1.1) and glucoamylase (EC.3.2.1.3) were added 

into the sterile starch solution, while 2.0 mL of cellulase 

(50 FPU) (Sunson, China) was added into the sterile 

cellulose solution. Cellulase enzymes used consisted of 

acid cellulase, beta-glucosidase, and xylanase. Another set 
of sterile starch and cellulose solution was prepared but no 

enzyme was added to those media. The fermentations were 

conducted under the same conditions of the fermentation 

with simple sugars. 

Fermentation – using total sago effluent (TSE) 

TSE fermentation medium was prepared by mixing 1.5 

g/L yeast extract, 3.0 g/L peptone, and 0.05 M citrate buffer, 

with pH of 5, in a 500 mL Schott bottle and the solution was 

topped up to 150 mL with TSE. Following the pH adjustment 
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to 4.8 and sterilization, about 75 µL of each amylase (α-

amylase and glucoamylase) and 2.0 mL of cellulase were 

added in order to start the SSF of TSE. SSF was done in 

triplicates (n=3) according to the same conditions as the 

fermentation described earlier. 

Sample collection and Candida glabrata cell count 

About 1.5 mL of culture broth was pipetted out at 0, 6, 

12, 24, 36, 48, 72, 96 and 120 h during the fermentation. 

Prior to HPLC analyses, cell counting was performed using 

hemocytometer (Optik Labor, United Kingdom) and the 
viable cells were observed under a light microscope after 

methylene blue staining. The remaining supernatant was 

centrifuged (WiseSpin CF-10 High-Performance 

Microcentrifuge Set, Daihan Scientific, Korea) at 13,500 

rpm for 3 min and was filtered through a 0.45 µm nylon 

membrane filter (Whatman, NJ, USA) to eliminate any 

solid residues. The filtrate was used for phenol-sulfuric 

acid assay (PSA) and High-Performance Liquid 

Chromatography (HPLC) analyses. 

Phenol-sulfuric acid assay (PSA) 

Total carbohydrate content of the samples was 
determined based on PSA assay. The assay was performed 

by measuring the optical density of the samples at 490 nm 

using a spectrophotometer (SP-880 Metertech, Taiwan). 

The amount of total carbohydrate present in the samples 

was determined based on a standard curve, which was 

plotted prior to the assay. 

Analytical analysis 

Quantification of ethanol, sugars, lactic acid and acetic 

acid was performed using High-Performance Liquid 

Chromatography (HPLC) (Waters 2695 Separations 

Module, Alliance HPLC System, United States) The HPLC 
system was equipped with a column heater, refractive 

index detector (2414 RI Detector) and computer controller. 

The protocols for separation and analyses of ethanol and 

other fermentation constituents were according to Vincent 

et al. (2015). Theoretical Ethanol Yield (TEY) of each 

substrate was determined based on ethanol produced and 

was calculated as follows: 
 

TEY = (Ethanol produced (g/L) / conversion factor x initial 
concentration of sugar) x 100 

 

Where, 

Conversion factor for sugar to ethanol = 0.511 

Conversion factor for biomass to sugar =1.1 
 

Statistical analysis 

Error bars were determined based on the standard 

deviation from the mean value of triplicate experiments. 

The data was statistically analyzed using One-way 

Analysis of Variance (ANOVA) and Tukey's Post Hoc test 

(SPSS Statistics Software version 22), and the differences 

were considered significant if p < 0.05. 

RESULTS AND DISCUSSION 

Candida glabrata cell growth using different 

carbohydrate feedstock 

In the current study, the ability of C. glabrata, isolated 

from local wine starter (ragi), in utilizing and fermenting 

different carbohydrates (mono-, di-, polysaccharides and 

complex mixture), represented by glucose, sucrose, 

maltose, starch, cellulose, and total sago effluent (TSE), to 

bioethanol and other byproducts were examined. Similar to 

other common yeasts, C. glabrata utilizes these different 
classes of carbohydrates differently, either for primary cell 

growth or for conversion to other secondary metabolites, 

alcohols, or organic acids. 

A rapid and good specific growth rate is crucial for 

efficient fermentation and high yield of ethanol (Chang et 

al. 2018). For this reason, the cell population growth of C. 

glabrata in all substrates was monitored in order to gauge 

its growth profile. Based on the results from Figure 3, C. 

glabrata cells were propagating rapidly in the first 12 h in 

all fermentations. However, a notable increase in the first 6 

h was only observed in fermentations employing glucose, 
starch with enzyme and TSE while the growth in other 

fermentations was relatively slower. After 48 h, a gradual 

decline in cell concentration was observed in all 

fermentations, due to substrate limitation and/or ethanol 

toxicity. The same observations were reported in studies 

elsewhere (Jönsson et al. 2013). Throughout the 

fermentation period, the trend of change of sugar uptake 

and alcohol production profiles was found to coincide with 

the logarithmic phase of the growth profile. 

Ethanol production from glucose, maltose and sucrose 

Figure 4 shows the time course of ethanol production 
during the fermentation by C. glabrata using different 

carbon sources. The ethanol production in fermentations 

using glucose increased sharply from 0 to 48 h, with the 

maximum production of 20.40 g/L (79.84% TEY) achieved 

at 72 h. After 72 h, the production of ethanol decreased 

slowly over time. At the later stage of fermentation, the 

ethanol concentration decreased in most of the 

fermentation because the yeast required energy to maintain 

growth. According to Li et al. (2017), the yeast consumed 

some ethanol to obtain energy due to the small amount of 

residual sugars in the media. From Figure 4, low ethanol 

yield was observed in the fermentation using sucrose, with 
the peak production of only 1.64 g/L at 6 h. On the other 

hand, no ethanol was detected in fermentations using 

maltose throughout the 5 days of incubation. This showed 

that C. glabrata does not produce particular enzyme to 

break down maltose. In the meantime, only low ethanol 

produced in fermentations using sucrose, which was 

probably caused by certain conditions such as 

concentration of starting materials, pH, or temperature 

during the fermentation. 
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Figure 3. Time course of cell concentration during bioethanol 
fermentation by C. glabrata using different carbon sources. The 
data points represent the average of three independent 
experiments (n=3) 

 
 
 

 
 
Figure 4. Time course of ethanol concentration during bioethanol 
fermentation by C. glabrata using different carbon sources. The 
data points represent the average of three independent 
experiments (n=3) 
 
 
 

 
 

Figure 5. Time course of sugar concentration during bioethanol 
fermentation by C. glabrata using different carbon sources 

(simple sugars and complex sugars). The data points represent the 
average of three independent experiments (n=3) 
 

The high efficiency of conversion of glucose to ethanol 

by C. glabrata was also documented previously by Barnett 

et al. (2000). Our study has shown that C. glabrata was 

capable of fermenting glucose efficiently. According to 

Mosier (2005), hexoses such as glucose can be fermented 

by most microorganisms species, especially yeasts. 

Glucose is also considered the best substrate for growing 

yeast cells and also ethanol fermentation (Ruriani et al. 

2012). Conversion of glucose to ethanol at 79.84% of the 

theoretical value obtained in this work is considered high 
yield. The maximum yield is usually lower than 90% 

because it is usually limited by nutrients or substrates used 

to synthesize biomass and maintain the reactions. Another 

similar study conducted by Techaparin et al. (2017) on 

ethanol production from glucose by C. glabrata reported 

only a 42% conversion. By comparison, the C. glabrata 

strain used in this work showed higher efficiency of 

ethanol production, which renders its practicality for 

industrial applications. 

Figure 5 shows the profile of sugar consumption during 

fermentation by C. glabrata using different substrates. The 
profile depicts a steady decrease of glucose concentration 

during the 48-hour incubation. However, the concentration 

of maltose and sucrose remained unchanged at 

approximately 48.0 g/L throughout the fermentation period. 

This observation is in agreement with the reports on the 

extremely narrow carbon utilization range of C. glabrata 

when compared to other yeasts (Turner and Butler 2014). 

Simultaneous saccharification and fermentation (SSF) 

of starch, cellulose, and total sago effluent (TSE) 

The ability of C. glabrata to saccharify starch, 

cellulose, and TSE for ethanol production was also 
evaluated in this work. Both starch and cellulose are 

classified as glucose-based polymers, with the latter more 

abundant in nature. However, these two carbohydrates 

differ in the orientation of the linkages between the glucose 

subunits (Jacques et al. 2003). As shown in Figure 5, the 

initial glucose concentration in fermentation medium 

containing starch was completely depleted after 12 h of 

fermentation, which was in line with the increase of ethanol 

starting at 6 h. The maximum concentration of ethanol 

(15.23 g/L) was achieved at 24 h. On the other hand, no 

glucose was detected in the fermentation medium 

containing starch when the supplementary enzymes were 
not added.  

The results indicated that supplementary amylases are 

important in the alcoholic fermentation of C. glabrata as no 

ethanol was produced in the absence of the enzymes. These 

results can also be correlated with the sugar consumption 

profile (Figure 5) where glucose was only detected in 

media that was dosed with amylases. The conversion of 

starch to glucose occurred most efficiently on the first day 

of SSF as the maximum production of ethanol was 

recorded at 24 h, along with the depletion of glucose in the 

fermentation media. Our findings suggest that C. glabrata 
does not produce amylolytic enzymes to breakdown starch 

in the fermentation broth.  

When cellulose powder was used as a carbon source, 

ethanol was only detected in the medium containing 



N U S A N T A R A  B IOS C IE N C E  13 (1): 1-10, May 2021 

 

6 

supplementary cellulases. The ethanol concentration 

increased gradually over the 36 h of fermentation, peaking 

at about 8.83 g/L, as shown in Figure 4. After that, the 

ethanol yield started to remain constant until the end of the 

SSF period. On the contrary, in the absence of 

supplementary enzymes, no ethanol yield was recorded 

throughout the SSF period, as shown in Figure 4. This 

outcome indicates that cellulases are crucial for the 

conversion of cellulose to ethanol, as supported by the 

findings by Fox et al. (2012) where the cellulase action on 
the insoluble cellulosic substrates is modeled as a 

heterogenous biocatalytic reaction. The reaction involves 

endo- and exocellulases that either interact directly with 

soluble cello-oligosaccharides or form complexes with 

insoluble cellulose chains. Cello-oligosaccharides are 

saccharides that consist of 2 to 6 glucose by β-1-4-linkages, 

containing mainly cellobiose (Zhao et al. 2009). This study 

further confirms the inability of C. glabrata to breakdown 

cellulose and requires extracellular cellulases to convert 

cellulose into fermentable sugar. 

SSF was also performed on TSE. The compositional 
analyses of TSE prior to SSF are presented in Table 1 and 

Table 2. The TSE used in the current study consisted of 

sago effluent hydrolysate (water component) and sago 

hampas (solid component), with 97.14% was the water 

component as shown in Table 1. Approximately 2.23% of 

the hydrolysate was starch, which can be converted to 

fermentable sugar through enzymatic hydrolysis. Further 

analysis of sago hampas was carried out to determine the 

exact amount of lignocellulosic contents. As outlined in 

Table 2, dried sago hampas used in this study contained 

52.03% starch, 27.82% cellulose, 5.32% hemicellulose and 
3% lignin. The results obtained in this work are comparable 

to a previous report by Hung et al. (2018), where sago 

hampas were reported to contain 55.4% starch, 23.6% 

cellulose, 9.1% hemicellulose, and 4.0% lignin. 

Furthermore, the starch content recorded in this study, 

which was in the range of 30% - 50% was comparable with 

that reported by Awg-Adeni et al. (2010). The variation of 

lignocellulosic composition can be associated with the 

difference in the sago species, growth conditions and 

maturity (Kim et al. 2010; Tye et al. 2011). The amount of 

cellulose and hemicellulose in biomass is the key in biofuel 

production, as they are convertible into bioethanol 
(Malherbe and Cloete 2003). 

Figure 6 shows the profile of total soluble 

carbohydrates and sugars released during SSF of TSE. The 

initial total carbohydrate concentration was recorded at 

20.57 g/L. At 6 h, the total carbohydrate content declined 

steeply to 4.98 g/L, giving a total reduction of 

approximately 75%. At 12 h, the concentration decreased 

further to 4.02 g/L and remained relatively constant until 

the end of the SSF period. The initial glucose concentration 

was 16.47 g/L at 0 h, before it decreased to 0.56 g/L at 6 h 

and became completely depleted after 12 h. For cellobiose, 
the initial concentration was 4.32 g/L and it decreased to 

1.62 g/L and became plateau until the end of the 

incubation. Another wood sugar, arabinose was also 

detected in the TSE samples with the concentrations 

fluctuated slightly between 0.8 and 0.9 g/L, before peaking 

at 1.10 g/L at 120 h. There was no xylose detected at the 

initial stage of SSF until at 12 h when a concentration of 

0.19 g/L was detected. The xylose concentration remained 

between 0.25 and 0.27 g/L throughout the remaining SSF 

period. A trace amount of arabinose with a concentration of 

0.40 g/L was detected and the amount was found to remain 

constant throughout the incubation. Xylose and arabinose 

are the most abundant pentose sugars in hemicellulose 

(Bettiga et al. 2009). These sugars are released from 

xyloglucan, xylan, arabinan and arabinogalactan 
(substructures of pectin) from polysaccharides in plant cell 

(Battaglia et al. 2011). 
 
 

Table 1. Compositional analysis of total sago effluent TSE 
comprising of sago hydrolysate and dried sago hampas. 
 

Compositions Amount (%) 

Sago hydrolysate 
(water component) 

Water 94.91 ± 0.09 
Free Starch 2.23 ± 0.86 

    

 
 
Dried sago hampas 
(solid component) 

Starch 1.49 ± 1.11 
Cellulose 0.79 ± 1.23 
Hemicellulose 0.15 ± 2.00 
Lignin 0.09 ± 0.09 
Ash 0.06 ± 0.06 
Others 0.28 ± 0.00 

 

 

 
Table 2. Compositional analysis of dried sago hampas The 
percentages was based on dry weight, n=3. 
 

Compositions % w/w 

Starch 52.03 ± 1.11 

Cellulose 27.82 ± 0.62 
Hemicellulose 5.32 ± 0.96 
Lignin 3.00 ± 0.05 
Ash 1.95 ± 0.03 
Others 9.88 ± 0.07 

 

 

 

 
 
Figure 6. Time course of total carbohydrate content and sugar 
concentration (glucose, cellobiose, xylose, arabinose) during SSF 
of TSE. The data points represent the average of three 
independent experiments (n=3). 
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As shown in Figure 6, xylose was only detected at 12 h 

and the peak was found at 24 h. This showed that the 

breakdown of hemicellulose only started to occur at 12 h 

and onwards. In contrast, a trace amount of arabinose was 

detected from the beginning until the end of SSF. The 

degradation of pectin during the autoclaving process of 

media preparation may have resulted in the accumulation 

of arabinose at this stage. The concentration of arabinose 

was found to increase during the first 12 h, indicating the 

active breakdown of hemicellulose by xylanase into xylose 
and arabinose. After 24 h, the concentration of xylose and 

arabinose remained constant until the end of SSF implying 

the inability of C. glabrata to utilize both sugars. This is in 

parallel with a study by Barnett et al. (2000) and Ruriani et 

al. (2012) that reported the selective fermentation of C. 

glabrata. The same studies further reported that yeast cells 

basically use monosaccharides for their growth, but only a 

few of the monosaccharide compounds such as glucose, 

galactose and mannose can be converted into ethanol. 

Pentose sugars (five-carbon sugars) such as xylose and 

arabinose, can only be fermented by a small number of 
wild microorganisms, often with a low ethanol yield 

(Mosier 2005). 

A complete breakdown of cellulose into glucose 

involves extracellular cellulases. Cellobiose, a 

disaccharide, is usually the intermediate product. Based on 

our results, the highest concentration of cellobiose was 

found in the beginning of SSF indicating the enzymatic 

hydrolysis of cellulose into cellobiose. Subsequently, β-

glucosidases, a part of cellulase enzymes will cleave 

cellobiose into 2 glucose units (Lynd et al. 2002). The 

depletion of cellobiose denotes the effective enzymatic 
activity in the fermentation broth. However, cellobiose was 

only detected in low concentrations, and this in turn 

resulted in a low yield of glucose.  

Based on Figure 6, a steep decrease of total sugar 

content during the first 6 h indicated that the substrates 

present in the fermentation broth were rapidly fermented 

into ethanol by C. glabrata. The same observations were 

also reported by Hung et al. (2018) who stated that not all 

sugars can be converted to ethanol. In addition, the results 

obtained in this study showed the presence of other 

unknown hexose sugars in the fermentation broth besides 

glucose.  
Ethanol was produced at the early stage of SSF, with a 

concentration of 2.22 g/L recorded at 6 h, as shown in 

Figure 4. The increase in ethanol yield is highly correlated 

with the steep decrease in glucose concentration. After the 

depletion of glucose at 6 h, the ethanol concentration 

continued to increase until its maximum production at 24 h. 

The highest ethanol concentration was 5.44 g/L. This 

corresponds to an estimated 21.25% TEY, which is 

significantly lower than that reported by Hung et al. (2018) 

(79.65% TEY). The author reported a higher TEY because 

they used only sago hampas as substrate, while in this 
study, the mixture of sago effluent and sago hampas was 

used. Compared to sago hampas, TSE contains less 

lignocellulosic materials and thus produced less ethanol. 

Analyses of fermentation by-products – Lactic acid and 

acetic acid 

Figure 7 depicts the profile of lactic acid during 

fermentation by C. glabrata using different carbon sources. 

Lactic acid commonly comes from lactic acid bacteria 

(LAB). A sharp increase of lactic acid was observed in 

fermentations using glucose as a substrate with a peak of 

3.71 g/L at 24 h, which was caused by the presence of LAB 

in the media throughout the fermentation. On the other 

hand, the lactic acid concentration was relatively low in 
fermentations that use other carbon sources. 

Figure 8 illustrates the concentration of acetic acid 

during the fermentation by C. glabrata using different 

carbon sources. Overall, the level of acetic acid in all 

fermentations was recorded to be less than 0.5 g/L. Similar 

to lactic acid, acetic acid also comes from bacteria, acetic 

acid bacteria (AAB). A previous study stated that acetic 

acid also can be found in hydrolysates and it basically 

comes from acetyl side-chains in hemicellulose. According 

to Vincent et al. (2015), acetic acid is an important 

indicator of the efficiency of biomass hydrolysis where an 
increase in acetic acid concentration in the fermentation 

broth denotes a continuous degradation of the 

lignocellulosic components of TSE throughout the SSF 

period. 

Although the presence of organic acids is common in 

typical fermentation systems, the concentrations of lactic 

acid and acetic acid must, however, be closely monitored to 

avoid a reduction in the ethanol production due to the 

changes in the pH of the fermentation media (Lin et al. 

2012). According to Narendranath (2003), the presence of 

these acids in high concentrations can also be indicator of 
contamination, which could be caused by Lactobacilli. In 

this study, the overall concentrations of both lactic acid and 

acetic acid in the cultures were relatively low (<0.5 g/L). 

This indicated that the fermentations were free from 

contaminations caused by bacteria, except for the media 

containing glucose.  

 
 
 

 
 

Figure 7. Time course of lactic acid concentration during 
bioethanol fermentation by C. glabrata using different carbon 
sources. The data points represent the average values of three 
independent experiments (n=3). 
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Figure 8. Time course of acetic acid concentration during 
bioethanol fermentation by C. glabrata using different carbon 
sources. The data points represent the average of three 
independent experiments (n=3) 
 
 
Table 3. Maximum ethanol production and yield achieved in 

fermentation by C. glabrata using different substrates. 

 

Substrate 
Maximum production 

of ethanol (g/L) 

Experimental theoretical yield (%) 

Glucose 20.40 ± 0.30 79.84 ± 1.18a 
Maltose 0.00 ± 0.00 0.00 ± 0.00b 
Sucrose 1.64 ± 0.08 6.44 ± 0.30b 
Starch with enzyme 15.23 ± 2.11 55.08 ± 7.50d 
Starch without enzyme 0.00 ± 0.00 0.00 ± 0.00b 

Cellulose with enzyme 8.83 ± 0.76 31.41 ± 3.31e 
Cellulose without enzyme 0.00 ± 0.09 0.00 ± 0.00b 
Total sago effluent 5.54 ± 0.09 21.25 ± 0.36e 

Note: *Data are mean of triplicates ± S.D (Different superscript 
letters in the same column show significant differences, p-value < 
0.05) 

 

 

 

Table 3 outlines the overall maximum ethanol 

production and yield achieved in fermentation by C. 

glabrata using different substrates. The highest ethanol 

production was recorded in fermentations using glucose as 

a substrate. A maximum ethanol concentration of 20.4 g/L 

was produced, which corresponded to a theoretical yield of 

79.84%. This clearly showed that in comparison to other 
carbon sources examined in this study, glucose is the best 

substrate for ethanol production by C. glabrata. The second 

best substrate was found to be starch when it was 

supplemented with enzymes. The maximum ethanol 

concentration achieved was 15.23 g/L and with a 

theoretical yield of 55.08%. In contrast, there was no 

ethanol yielded in fermentations using maltose, starch, and 

cellulose. Among all substrates tested in this work, only 

glucose and sucrose were consumed by C. glabrata to 

produce ethanol. Meanwhile, it is observed that soluble 

starch and cellulose were consumed only with the aids of 
the supplementary enzymes, with the former gave a higher 

yield. As for the SSF of TSE, the maximum ethanol 

production was 5.44 g/L (21.25% TEY). Although the 

ethanol concentration was relatively low compared to that 

achieved using other carbon sources, the results do reflect 

the ability of C. glabrata to grow on TSE. It is expected 

that higher yield of ethanol can be achieved upon further 

optimization of the SSF process. 

In conclusion, the results from this study indicated that 

C. glabrata was capable to ferment glucose efficiently 

(79.84% of theoretical yield), making it as compared to 

other common fermenting yeasts such as S. cerevisiae, 

which was reported to yield TEY of 40 to 49% when 

fermenting 4 to 5% (w/v) glucose (Govindaswamy and 
Sane 2010; Kumar et al. 2011). Although C. glabrata is 

incapable of fermenting other sugars such as xylose and 

arabinose as well as polysaccharides like starch and 

cellulose without the aid of supplementary amylases and 

cellulases, the strain does show a promising potential to be 

used for fermenting starchy industrial waste such as TSE. 
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Abstract. Amiri ZS, Akbarzadeh K, Douraghi M, Abdi KM, Afshar AA, Ghaffari J, Kordshouli RS, Akbari M, Rafinejad J. 2021. 
Effectiveness of maggot extractions and secretion (E/S) of Lucilia sericata in reducing wound surface in an experimental scalding burn 
injury. Nusantara Bioscience 13: 11-15. Lucilia sericata larvae have been successfully used as medicinal larvae for wound healing. This 

study was performed to evaluate the therapeutic effects of the primary ointment made from excretory-secretory substances of L.sericata 
larvae on experimental burn wounds on rabbits under laboratory conditions. Extraction of ES from the third stage of L.sericata larvae 
and antibiogram testing was done. Four rabbits were randomly divided into four groups; three standard third-grade burn wounds were 
created on the back of each rabbit for intervention groups (B, D) of wounds were used respectively from the original ointment made 
from ES and ES without accompanying material. Nitrofurazone ointment was used for the positive (C) and placebo ointment was used 
for the negative (A). On the 21st day, all scars of wounds in groups B and D were separated and the wound was free of infectious tissue, 
whereas in groups A and C that the scars were clinging to the base. The level of the ulcer was significantly lower in the E/S intervention 
group and the infectious tissue was not observed during the treatment of group B and D wounds. Methicillin-resistant Staphylococcus 

aureus (MRSA) did not show resistance to excretory-secretory substances of L. sericata larvae. The debridement and recovery process 
was faster in the ES-treated group and the initial ointment than in the control group. The results showed that maggot extractions and 
secretion (E/S) of L. sericata in reducing wound healing is appropriate for treatment. 

Keywords: Burn, Lucilia sericata, ointment, secretion-excretion, wounds 

INTRODUCTION 

A Necrophagous maggot is the larva of some flies 

(Order Diptera) that have a beneficial property. They have 

increasingly being applied to clean wounds by destroying, 

liquefying, and ingesting only devitalize / necrotic tissue 
for centuries which is known as maggot therapy (Yan et al. 

2018). In this method, larvae of flies Calliphoridae family, 

including Lucilia sericata (Greenbottle fly) and Calliphora 

vicina using for wound healing (Yan et al. 2018).  

Many people around the world suffer from burn injuries 

(Mogoşanu and Grumezescu 2014). Burn ulcer is a type of 

skin injury that often long-term treatment with high 

economic costs. Moreover, may become infected during 

treatment and become more painful, instead of gradually 

improving (Sterling et al. 2010). Burn ulcers are caused 

mainly by exposure to extra heat, electricity, light, 

radiation as well as chemical elements. It mostly occurs 
only on the skin (Murphy and Evans 2012; Sterling et al. 

2010). In addition to the local effect on the skin, heat has 

many general effects on the body. These complications are 

specific to burn injuries and are not generally seen in 

wounds caused by other injuries (Tiwari 2012).  

Maggots were first used to treat wounds during the 

American Civil War. However, in 2004 the Food and Drug 

Administration (FDA) authorized the use of maggots for 
medical use (Sherman 2005). L. sericata larvae are 

successfully used as medicinal larvae in wound healing and 

help the healing process by proteolytic digestion, 

disinfection of necrotic tissue, and stimulation of active 

promotion of granulation tissue formation (Steenvoorde et 

al. 2007). Regardless of the preference of the mode of 

action, larvae of L. sericata initiate their activities in the 

wound by chemical secretions and excretions (Nigam et al. 

2006; Sherman 2014). Maggot extractions and secretion 

(ES) treatment have been shown to aid the healing process 

by stimulates the regeneration of blood vessels and also has 

a proliferative effect on the growth of human endothelial 
cells (Elshehaby et al. 2017). Many studies have shown 

evidence that larvae have antimicrobial activity in two 

ways, including antimicrobial action by ingestion larvae of 

wound bacteria, which are killed when they enter the larval 
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digestive tract also through the antimicrobial activity of 

secretions and larval excretions, including salivary gland 

secretions and fecal wastes (Valachova et al. 2013). 

However, the main mechanisms in wound healing with ES 

treatment are not yet completely understood, This method 

became popular around the world for the treatment of 

chronic and infectious wounds (Hou et al. 2007).  

Today, despite advances in technology and healthcare, 

chronic wound management remains a major challenge and 

therefore requires alternative methods. This study has been 
conducted to study excretion/secretions (E/S) of larvae of 

L. sericata on the healing of experimental burn wounds in 

rabbits. 

MATERIALS AND METHODS 

Rearing of flies 

Lucilia sericata was rearing continuously in the fly 

insectary of Tehran University of Medical Sciences from 

2013. The temperature and relative humidity in the 

insectary were 27±2°C and 50±10% respectively. The 

light/dark regimen was 16/8 hours. The adult flies were fed 

by sugar, milk powder, palm dates, and water but their 
larvae fed on the chicken liver for rearing.  

Ethical approval 

The ethical committee of Tehran University of Medical 

Sciences, Iran performed ethical approval using rabbits. 

(Ethics code: IR.TUMS.SPH.REC.1397.4977) 

Extracting of E/S 

As much as 300 (in three equal replicates) of third 

instar larvae of L. sericata with 12-14 millimeters in length 

were selected to find the average weight of 100 larvae. This 

weight was used as a standard for selecting larvae for 

extraction. For extracting 3.7 grams of larvae were selected 
and washed with normal detergent as the first step. 

Washing with ddH2O, submerging in EtOH 70% for 30 

seconds, and again washing with ddH2O were the next 

steps for cleaning the larvae before the extraction process. 

Extracting of E/S was started with the put of these larvae 

into a disinfected laboratory beaker and adding 1000 

microliter of PBS (Phosphate Buffered Saline). The beaker 

was covered with a sterile mosquito net and put in the dark 

area at room temperature for 5 hours. After this time 

duration, the liquid in the beaker was centrifuged at 10000 

g for 10 minutes. The supernatant, which has been 

mentioned as pure E/S, was stored at-20°C for future use.  

Protein assay 

Three replicates of extracted E/S of the larvae were 

assayed with a BCA kit (cat.T9300A) according to 

manufacturer construction.   

Microbial examination of E/S  

The Antimicrobial activity of E/S was tested in vitro 

using the agar well diffusion method (Scott 1989) and 

Mueller Hinton Agar medium.  Bacterial inoculums that 

were used for antimicrobial activity were a sensitive strain 

of Staphylococcus aureus and MRSA (methicillin-resistant 

S. aureus ). A dilution of 0.5 McFarland of this bacteria 

was spread on Mueller Hinton agar using a sterile swab, 

which has moistened in the solution. Wells of 6 mm were 

punched in the inoculated plate, which was filled with six 

dilutions of E/S (1, ½, ¼, 1/8, and 1/16). Also, PBS and 

Cefoxitin Antibiotic were used for negative and positive 

control, respectively. PBS was used for making dilutions of 

E/S as well as filling of at least one of the wells in each 
plate as the negative control. As much as 80 microliters of 

each dilution were pipetted in the wells as treatment. Three 

replicates of each dilution were tested. The growth 

inhibition zone around each well was measured after 24 

hours of incubation at 37°C. This test was performed out in 

triplicate and zones of inhibition were measured in mm. 

scale.  

Experimental ointment 
For better stability and permeability of E/S, an 

experimental ointment has prepared by mixing 1gr of urea 

and 10gr of Eucerine with the E/S extract.  

Producing experimental burn injury 

Male rabbits (n=4; age, 16-18 months; weight, 2.5±2 

kg) were selected in the Laboratory of Experimental 

Animals in the School of Public Health of Tehran 

University of Medical Sciences. The lab had controlled 

conditions at 25±2°C and a 12/12 dark/light regimen. The 

animal models had free access to food and water. The 

Ethical Committee of the School of Public Health of 

Tehran University of Medical Sciences approved all steps 

of the project. Ketamine and Xylazine were used for 

anesthetizing rabbits via intraperitoneal injection with 
doses of 100 and 50 mg/kg respectively. Three wounds 

with about 20 mm in diameter were produced on the back 

of the rabbits using hot water after complete anesthetizing, 

disinfecting by EtOH70%, and local shaving. Ten seconds 

were enough to produce each of the 3rd degrees of burn 

wounds. Treating was started after 24 hours from the time 

of burning. Each of four rabbits was selected randomly to 

allocate to one of four testing groups including A, B, C, 

and D. Groups D and B were treatment groups for treating 

with pure E/S and experimental ointment respectively. 

Groups C and A were control groups for treating with 

Nitrfurazone ointment (as positive control) and placebo (as 
negative control) respectively. The wounds were left 

uncovered after each treatment. 

Data collecting 

The inspection was done at 24 hours intervals to 

photographing the wound surfaces and repeating of 

treatments. Each photo was used for the measurement of 

the necrotic and granulated tissues by Matlab software. 

Observations were recorded due to the appearance of the 

wounds, bad odors as well as any infectious discharge. On 

the last day of the study untreated rabbit’s unconsciousness 

and disappeared. 
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RESULTS AND DISCUSSION 

The average weight of 300 individuals of third larvae 

with 12-14 mm in body length was 3.7±0.2 g. This weight 

was used for future tests instead of counting 100 larvae for 

each replicate.  

Results of protein assay showed that the average of 

whole proteins in E/S of 100 individuals of third larvae was 

1159.7±44.7 µg/mL.  

Results of agar well diffusion tests showed that the pure 

E/S is the most effective for removing both sensitive and 
resistant strains of S. aureus. Mean zone inhibition of pure 

E/S were 19.3±0.58 mm and 17.6 ±0.58mm in diameter for 

sensitive and resistant strains of S. aureus respectively 

(Table 1). 

Repeated measure analysis was used for evaluating the 

trend of reducing the wound surface over time, which can 

be mentioned as a trend of improvement in all wounds. The 

analysis showed that the reduction of the wound surface in 

each group was significant from the first day of starting 

(P≤0.001). Due to the LSD analysis and comparison of 

mean wound size in groups over time, wound size changes 
in the E/S group with the negative control group have a 

significant difference (P≤0.011). (Figure 1). 

Pure E/S (purple line), experimental ointment (green 

line), positive control with nitrofurazone (yellowish line), 

negative control (blue line).  

The covariance Test showed a significant difference in 

reducing wound surfaces between negative control and 

each of pure E/S and experimental ointment as well as 

between positive control and pure E/S (Table 2, Figure 2). 

Numerous research has been focused on the 

antibacterial activity of maggots ES against gram-positive 
and gram-negative bacteria but the results have been 

different. The most important effect of burning is the loss 

of protective function of skin against dangerous pathogenic 

microorganisms (Murphy and Evans 2012) such as S. 

aureus, Pseudomonas aeruginosa, and some other 

microorganisms (Van Duin et al. 2016). Therefore the risk 

of infection is high for burn patients (Coban 2012). The 

results of this study showed that pure E/S is the most 

effective for removing both sensitive and resistant strains 

of S. aureus (MRSA). Regarding the antibacterial effect of 

maggots, it was found that the maggot ingests and kill E. 

coli when it passes through the midgut (Mumcuoglu et al. 

2001). Thomas et al. (1999) confirmed the antibacterial 

activity of secretions against a range of bacteria, including 

S. aureus and methicillin-resistant S. aureus (MRSA) in a 

preliminary laboratory study (Thomas et al. 1999).  

Long-time hospitalization will increase the risk of 

infection (Shupp et al. 2010) with special attention to drug-

resistant infections (Branski et al. 2009). However, in 

maggot therapy, there is no need for surgery and 

hospitalization, and compared to other treatment methods 
has a lower cost.  

The results of this study showed that the reduction of 

the wound surface in each group was significant from the 

first day (P≤0.001) and wound size changes in the E/S 

group with the negative control group have a significant 

difference (P≤0.011). In another study, It was found 

L.sericata larval secretions could modulate the mRNA 

expression of some wound healing-related genes and 

contains components that are effective in wound healing 

(Akbas et al. 2020). 

 
 

 

 
 

Figure 1. Comparing of average reducing trends in wound 
surfaces among control groups 

 
 

 
Table 1. Zone inhibition of various dilutions of E/S of 100 larvae of L. sericata in agar well diffusion test.  

 

Type of 

Staphylococcus aureus 
Replicates 

Dilutions of E/S 

1 ½ ¼ 1/8 1/16 

Sensitive S. aureus 
 

1 19 17 13 9 7 
2 19 14 13 10 - 
3 20 14 10 10 - 

Average 19.33 15 12 9.66  

SD 0.58 1.73 1.73 0.58  
Resistant S. aureus 
 

1 17 15 11 9 - 
2 18 12 12 8 - 
3 18 14 10 8 - 

Average 17.67 13.67 11.00 8.33  
SD 0.58 1.53 1.00 0.58  
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The most important aid for healing burn wounds is 

wound bed preparation, which has different methods .The 

standard method for dealing with such wounds is fast and 

wide debridement with a graft (Madihally et al. 2003). 

Whatever the method, debridement is an integral part of it; 

this is possible in both mechanical and chemical 

(enzymatic) forms. The history of wound enzymatic 

treatments using plant or bacterial-derived enzymes dates 

back to about 60 years before World War II (Hafezi et al. 
2009). The enzymes trypsin, leucine, aminopeptidase, and 

carboxypeptidases A and B have been isolated from the 

secretions of L. sericata larvae (Vistnes et al. 1981). 

Schmidtchen et al. (2003) used animal models to show the 

secretory properties of maggot E/S in resolving necrotic 

tissue, they also identified several proteases (Schmidtchen 

et al. 2003).  

Debridement should be done in almost all of the burn 

ulcers for treatment (Mann and Heimbach 1996). Non-

selective debridement, which is usual for the treatment of 

wounds, may damage basement tissues other than necrotic. 
One of the best selective methods for debridement is 

maggot therapy (Colin et al. 1996) which has a good 

background in the healing ulcers caused by burning, 

chronic infection, diabetes complications, and post-surgical 

wounds (Wu et al. 2017). In addition to healing wounds, 

maggot disinfects wounds and stimulates the regenerative 

process by proteolytic digestion (Nigam et al. 2006). 

Managing pain in the treatment of burn wounds is 

crucial (Mann and Heimbach 1996) which may limit the 

use of free larvae in maggot therapy by L.sericata 

(Mumcuoglu et al. 2012) especially for use in burn 
wounds. Elimination of physical contact can be a solution 

for solving the painful use of larvae in burn wounds 

without reducing their effects in debridement and 

subsequent wound healing. 

Larval secretions using deoxyribonuclease (DNAse) 

can destroy microbial DNA as well as human DNA in 

necrotic tissues (Brown et al. 2012). Biofilms and 

biological materials in wounds have become increasingly 

known as a problem. Therefore, focus on new strategies for 

the eradication of severe infections associated with biofilm 

is very important. The presence of small antibacterial 

agents (1 kDa) in E/S showed that against a range of 

bacteria including S. aureus is active (Elshehaby et al. 

2017). E/S enzymes can dissolve biofilms and inhibit 

biofilm growth (Elshehaby et al. 2017; Harris et al. 2009). 

The E/S extract from L. sericata larvae with its 

proteolytic properties can be effective in the chemical 
debridement of burn wounds, the process of debridement, 

preparation of the wound bed, and treatment. According to 

the results of this study, we can see a significant change in 

the treatment of such wounds. The application of the results 

of this research, due to its experimental and fundamental 

nature, can be a basis for further research on volunteers or 

drug manufacturing. The use of proteolytic enzymes is very 

extensive and can be used in all wounds that have necrotic 

tissue and require debridement, including compression, 

diabetic, and other chronic wounds. It is recommended that 

further research be continued in this area. 
 

 

 

 
 
Figure 2. Comparisons of average reduction in wound size at last 

day of treatment (day 21). : pure E/S, : experimental 

ointment, : positive control, : negative control 

 

 

 

 
Table 2. Comparisons of average reduction in wound size at last day of treatment (Day 21) 
 

Name groups (A) Name group contrastable (B) Dispute mean Sig.b 

Placebo Ointment 132.2* .026 

Ointment Nitrofurazone 75.9 .238 

Excretion-Secretion 196.9* .005 

Pomade Placebo -132.2* .026 

Ointment Nitrofurazone -56.2 .282 

Excretion-Secretion 64.6 .179 

Pomade Nitrofurazone Placebo -75.9 .238 

Ointment 56.2 .282 

Excretion-Secretion 120.9* .035 

Excretion-Secretion Placebo -196.9* .005 

Ointment -64.6 .179 

Ointment Nitrofurazone -120.9* .035 
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Abstract. Enyiukwu DN, Amadioha AC, Ononuju CC. 2021. Histological aberrations and mode of damage of cowpea (Vigna 

unguiculata) by Colletotrichum destructivum. Nusantara Bioscience 13: 16-23. Leaf and stem of healthy 2-week old cowpea (Vigna 
unguiculata L. Walp.) seedlings were inoculated with spore suspension of the Colletotrichum destructivum O’Gara. Sections of the 

infection courts were prepared and examined under digital microscope. The results showed that the infection process began 12 hours 

after inoculation (hai) with the germination of spores of the fungus. Large multi-lobed primary hypha (somewhat spherical in shape) 

developed from the infection peg and remained inside a single epithelial cell for about 3 days. Towards the end of this time,  the primary 
hyphae developed thin filamentous tentacles that punctured and branched into adjoining cells, initiating necrotrophic phase of the 

disease. During this period, typical anthracnose symptoms began to develop on the infected organs of the crop. The entire infection 

process lasted a maximum of 96 h, at the end of which acervulus that bore a single seta emerged on infected crop lesions. The 

mechanism of damage of the pathogen involved intra-cellular and inter-cellular colonization of the host tissues early and late in the 
disease cycle. The integrity of the affected tissues' cells was compromised by passage and colonization of Colletotrichum destructivum 

O’Gara evidenced by lack of clear-cut middle lamella and cell boundaries. Anthracnose affected cells dispossessed of vital nutrients 

became turbid, devoid of turgidity and vigor. Thus, these results have strong implications for plant health management in that effective 

environment-compliant control of the fungus should be initiated on or before the third day following arrival of the conidia of the  
pathogen on the crop. Seeds are major agents of introduction of Colletotrichum spp. to disease-free locations. Findings from this study 

also support that strong trans-border control of seeds of the crop should be maintained since the pathogen is known to be seed-borne and 

demonstrates sufficient cross-infection of crop plants.  

Keywords: Anthracnose, Colletotrichum destructivum, cowpea, hemibiotrophy, hyphal colonization 

INTRODUCTION 

The place of legumes especially cowpea (sometimes 

called southern pea) (Vigna unguiculata L. Walp.) (Figure 

1.A) in the nutrition of the third world cannot be 

overemphasized. The crop serves as both vegetable and 
pulse crop. It remains a major provider of proteins, amino 

acids, essential vitamins, and minerals in many meat-scarce 

locations of tropical third worlds (Enyiukwu et al. 2018; 

Falade et al. 2018). Though the crop is important as bio-

fertilizer in farming systems and a source of valuable 

amino acids in human nutrition, however, economic 

production of this important legume is deeply constrained 

by arthropod pests and pathogenic diseases; amongst which 

anthracnose (Figure 1.B) is major (Adegbite and Amusa 

2008; Akinbode and Ikotun 2008a,b).  

Colletotrichum species are underscored as causal agents 

of anthracnose which are commonly associated with 

various tropical and sub-tropical legumes in both field and 

storage (Begum et al. 2007; 2013). Colletotrichum spp. are 

ranked amongst the top 10 most damaging plant pathogens 

on a world scale; causing large scale economic losses in the 

production, shelf life and marketing chains of agro-produce 
including solanum and legumes (Sharma et al. 2017; 

Coates et al. 2019; Guarnaccia et al. 2019; Xie et al. 2019) 

In China, India, Brazil, Uganda, South Africa, Ethiopia, 

Nigeria and various parts of Asia C. gloeosporioides, C. 

fragerie, C. dermatium, C. lindemuthianum and C. 

destructivum have been reported to be associated with 

anthracnose in cowpea (Enyiukwu 2017). In Nigeria, C. 

lindemuthianum and C. destructivum have been advanced 

as cause of anthracnose of the crop in the country; 

however, extensive molecular evaluations of many 

accessions of both pathogens have conclusively upheld the 

later as solely responsible for the disease in the crop 

(Latunde-Dada et al. 1996; 1997; Adegbite and Amusa 

2008; Akinbode and Ikotun 2008a,b; ASHC 2015). Besides 

cowpea, curly dock, angula (Eruca sativa), tobacco, 

lucerne, alfalfa, Arabidopsis thaliana, and dodder are 

affected by anthracnose due to members of Colletotrichum 

destructivum sensu lato (Lee and Kim 2001; Patel et al. 

2014; Enyiukwu et al. 2014; Da Silva 2017). Though 

Colletotrichum spp are host-specific, cross-infection of 
hosts has been reported in the genera (Coates et al. 2019).  

During no crop seasons, C. destructivum overwinters in 

the seed coats, cotyledons, crop thrash, or related crop 

debris until the next cropping season (Enyiukwu and 

Awurum 2013a; Enyiukwu et al. 2014; Guarnaccia et al. 

2019). Under warm temperatures (27-28oC especially at 

night), prolonged moist conditions or free moisture on 

susceptible host surfaces or soils (lasting 24-48 h); spores 

of the fungus germinate to initiate the disease on the crop 
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(Miles et al. 2013; Enyiukwu and Awurum 2013b; Falade 

et al. 2018). Dark, depressed, irregularly shaped, water-

soaked lesions develop on affected host stems, branches, 

petioles, and lamina (Figure 1.B) which coalesce rapidly to 

girdle plant (Coates et al. 2019). In Nigeria, incidence and 

yield losses as high as 83 % and 50-100 % respectively 

have been ascribed to moderate to severe attacks of 

anthracnose disease on cowpea accessions grown in 

different agro-ecological zones of the country (Awurum 

2013; Enyiukwu et al. 2014).   

In their relationships with host crops, Colletotrichum 

species exhibit endophytic, latent, necrotrophic, and 
hemibiotrophic lifestyles; however, hemibiotrophy is the 

most common life-strategy (Smith et al. 1999; Da Silva et 

al. 2017). Hemibiotrophy is sub-categorized into sub-

cuticular intramural strategy which is common in C. 

capsici and amongst some pathogens in C. gloeosporioides 

clade; and intracellular hemibiotrophic lifestyle which 

characterizes C. destructivum sensu lato (Enyiukwu et al. 

2014; Da Silva et al. 2017). C. destructivum and related 

species live intracellular hemibiotrophic lifestyle (Latunde-

Dada et al. 1996; 1997; 1999). The successes of 

Colletotrichum spp. in the colonization of susceptible hosts 

and initiating anthracnose disease is reported to depend 

among other variables on their ability to elaborate 

specialized infection structures from their conidia such as 

appressoria and infection pegs on target tissues (Amadioha 

1994; Tucker and Talbot 2001; Damm et al. 2009; 2014). 

In the case of Colletotrichum destructivum sensu lato; the 

infection peg penetrates the host cuticle mechanically, 
forms the primary hypha by which it establishes short-lived 

biotrophic lifestyle in a single epidermal cell which lasts 

between 48-72 h post-inoculation (Shen et al. 2001; Da 

Silva et al. 2017). After this time, the pathogen graduates to 

a damaging enzymes-assisted necrotrophic relationship 

characterized by extensive development of thin secondary 

h\yphae into adjoining cells, and emergence of anthracnose 

symptoms (depressed dark tan lesion with black acervuli) 

on the crop (Latunde-Dada et al. 1996; 1999). The lesions 

of the disease on the crop (Figure 1.B) stems from 

anatomical aberrations as the fungus wades through and 

breaks down host’s tissues; causing reduction in 

photosynthetic area, lowering photosynthetic rate; 

reduction of total chlorophyll occasioned by toxic 

metabolites from the fungus; and depletion of essential 

nutrients and vital electrolytes (Meyer et al. 2001; Lobato 

et al. 2014; Markson et al. 2014). Besides, in stem 

infections, the fungus compromises interlocking cross 
walls responsible for strength and rigidity of stems and 

branches leading to tipping over and collapse of seedlings 

(Amadioha and Enyiukwu 2019a,b). 

In affected cowpeas, substantial leakage of electrolytes, 

loss of vital nutrients such as proteins, carbohydrates lipids, 

crude fiber, calcium, and phosphorus from the crop; and a 

general reduction of quality of their products have been 

reported (Begum et al. 2008; 2013). In several field and 

storage evaluations, average loss of proximate and 

elemental nutrients ranging between 20 to 30 % attend the 

interaction of susceptible varieties of cowpea with the 

pathogen within 1 month period (Amadioha and Enyiukwu 

2019a,b). Parallel evaluations of the effects of related fungi 

on yams, sweet and Irish potatoes revealed a nutrient loss 

profile of 30-60 % during the 3-6 months storage period 

(Markson et al. 2014). C. destructivum and other crop 

decimating fungi utilize host-derived proteins, electrolytes, 

and metabolites to support their own growth, accumulate 
biomass and generate energy (Strivastava et al. 2013; 

Amadioha and Enyiukwu 2019a, b). Smith et al. (1999) and 

Latunde-Dada et al. (1999) noted that infection process of 

Colletotrichum species is attended by distortions in the 

anatomy and physiology of the susceptible crop cultivar.  

  

 

 

 

  
 
Figure 1. Cowpea (Var. IAR-48) growing in the field. A. Healthy (uninfected) cowpea. B. Anthracnose infected cowpea showing dark-

tan irregular lesions on leaf of the crop 
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Though the identity and infection process of cowpea 

anthracnose pathogens have been studied in South Africa 

on one hand and Southwestern Nigeria on the other; 

however, no similar studies have been conducted on the 

crop in Southeast region of Nigeria. So far, therefore, 

information on the infection process and extent of damage 

to cowpea tissues by C. destructivum and its synonyms 

during infection and colonization in the area is to the best 
of our knowledge non-existent. Against the backdrop of the 

huge loss profile on the biological and economic yields of 

the crop due to the disease; therefore, this work was 

undertaken to study the infection process and determine the 

extent of anatomical damage done to stem and leaf tissues 

of cowpea by C. destructivum during infection and 

colonization of the crop in the humid Umudike, Southeast, 

Nigeria. 

MATERIALS AND METHODS 

Experimental site 
The experiment was conducted at the Crop Science 

Laboratory and greenhouse of the Department of Plant 

Health Management, College of Crop and Soil Sciences as 

well as the Microbiology Laboratory of the College of 

Veterinary Medicine; all of the Michael Okpara University 

of Agriculture, Umudike, Abia State. The University is 

located at latitude 5o291N, longitude 7o331E, and an altitude 
of 121.08 meters above sea level (GPS Coordinates 2017). 

In vitro experiment 

Isolation and identification of the causal agent  

Pods of infected cowpea (Vigna unguiculata (L.) Walp) 

with typical symptoms of anthracnose were collected from 

the University Research Farm. The pods were cut in bits 
using a surgical blade, sterilized in 70 % ethanol and 

finally washed in several changes of 200 ml of sterile 

distilled water. The tissues were placed in Petri dishes 

containing moistened Whatman No 1 filter paper, and 

incubated for 7 days at 270C. Then 39.50 g of dehydrated 

potato dextrose agar (PDA) (Oxoid® ThermoScientific 

Product, England, UK) was dissolved in 1000 ml of sterile 

distilled water in a 2L flask, stirred thoroughly with a glass 

stirrer, then stoppered and autoclaved at 15 Psi for 30 

minutes. The mycelial growth from the plated tissues was 

repeatedly sub-cultured to obtain the pure culture of the 

organism maintained on PDA as prepared above. The 

isolate was subjected to pathogenicity tests by re-

inoculating it into 2-week old cowpea seedlings. About 4 

days after inoculation of the seedlings, typical anthracnose 

symptoms resembling those observed on the diseased pods 

were observed on the leaf blades and petioles of the 
seedlings (Ogu and Owoeye 2013; Markson et al. 2014). 

Thus, confirming that the organism is pathogenic. 

Slides of the organism were then prepared, mounted 

and examined under a microscope. The organism’s identity 

was confirmed to be C. destructivum by the aid of fungi 

identification manual by Barnett and Hunter (1995), 

annotated genera of Colletotrichum species by Damn et al. 

(2009; 2014) and monographs of the International 

Mycological Institute IMI (1995). 

Preparation of spore suspension 

The spores of the pathogen C. destructivum were 

collected from 8-day old culture-agar stock in Petri dish by 

lifting 60 cm2 piece into a beaker containing 200ml of 

sterile distilled water. This was sieved through 4-folds of 

sterile cheesecloth to remove agar and mycelial mesh; and 

the filtrate was then centrifuged for 10 minutes. Thereafter 

the spores suspension was standardized using a 

hemocytometer counting slide to 105 spores/ml (Awurum 

and Enyiukwu 2013b; Alberto 2019). 

Preparation of seedlings for the study  

Cowpea (Var. IAR: 48) seeds obtained from the 

Research and Training Unit of the College of Crop and Soil 

Sciences, were surface-sterilized in a 0.5 % sodium 

hypochlorite solution for 1 minute, and rinsed in 3 changes 

of 200 ml of sterile water. The seeds were sown 3 per 20 

cm diameter plastic pot containing 4 kg heat-sterilized 

topsoil; and kept moist by light watering twice daily. At 8 

days after sprouting, the seedlings were thinned to two per 

pot and remained so till 2 weeks after planting (WAP) 

when they were used for histological studies (Enyiukwu et 

al. 2018).  

Histological studies  

The method according to Latunde-Dada and Lucas 

(2007) was adopted for this study. Fresh uninfected leaves 

and stems were excised from the 2-week-old seedlings of 

cowpea (Var. IAR-48) as raised above; and inoculated on 

the surface (abaxial surface for the leaves) with four 3 µl 

droplets of conidial suspension (1.0 x 105 spores/ml of 

distilled water) (Vasic et al. 2014; Xie et al. 2019) of C. 
destructivum. The inoculated leaves and stems were 

incubated at 25°C in the dark chamber under humid 

conditions (Latunde-Dada et al. 1997). In the control 

experiment leaves and stems were treated with sterile de-

ionized water in place of the conidial suspension of the 

fungus.  

Pieces of the infected and healthy cowpea leaves and 

stems were cut after 72 h (1-4 day) intervals from the 

infection courts and de-colorized in a 0·15% (w/v) solution 

of trichloroacetic acid in a 3:1 (v/v) mixture of ethanol and 

chloroform for 12 h. They were then stained in a 0·025% 

(w/v) solution of aniline blue in lactophenol for 2 h (Xie et 

al 2019). Light microscopic examinations were made on 

sections of the stained tissues with Olympus digital 

compound microscopic fitted with the software 

Scopevision (Version 9.0) camera and photographed. The 

photograph was taken of both healthy (uninfected) and 
diseased leaves and stems of cowpea infected with C. 

destructivum. 
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RESULTS AND DISCUSSION 

Penetration and anatomical damage of cowpea leaf 

tissues by Colletotrichum destructivum 
The process of colonization and damage of cowpea leaf 

tissues by the C. destructivum is captured in Figures 2-5. 

The conidium of the test fungus which is hyaline, non-

septate, smooth-walled, ovoid, straight or slightly curved 

with more or less tapered ends (Figure 3), came in contact 

with and stuck on the cuticle of the leaf and germinated at 

12 hai to produce germ tube, at the end of which it 

developed appressorium (Figure 3). Under this structure, it 

produced penetration peg which penetrated through the 

cuticle into a single epithelial cell; to form a multi-lobed 

somewhat spherical vesicle at about 48 hai (Figure 4.A-B). 

From this large primary structure thin multilateral hyphae 

developed at about 72 hai and initiated the tissue 

colonization (Figure 4.C-D) ramifying within the host 

tissue and subsequent production of the lesions ensued 
which was seen as the symptom of anthracnose disease of 

cowpea from 96 hai (Figure 4.E-F). The colonization of the 

tissues by the hyphae of the test fungus was both inter-

cellular (Figure 5.A) and intra-cellular (Figure 5.B-C). 

Anatomical aberrations of cowpea stem tissues due to 

the test fungus 
The photomicrograph presented in Figure 6 shows 

comparative anatomical structures of healthy (uninfected) 

and infected cowpea stem with C. destructivum. The 

histological studies results indicated that the fungus strongly 

affected the integrity of stem tissues of the crop. All the 

cells of the healthy stem of the test cowpea (epithelial, cortical, 

vascular, and pith) were intact and well defined; they 

remained turgid and full of vitality, with the cementing 

middle lamella at the boundaries of the cells being clearly 

visible (Figure 6.A). In contrast, however, the activity of C. 

destructivum damaged the stem tissues of infected cowpea 

(Figure 6.B). The infected tissue cells were turbid and 

dispossessed of their vital nutrients during colonization of 

the pathogen, resulting in their distorted cell boundaries 

and lack of turgidity and vigor (Figure 6.B). 

Discussion  
Results of this study showed that conidia of the test 

fungus were hyaline, non-septate, smooth-walled, ovoid-

shaped, straight structures (Figure 3.A). This description 

tallies with those given by other workers who reported the 

same features for the fungus conidia with average 

dimension of 15 x 4 µm isolated from lucerne, alfalfa, and 

cowpea (Latunde-Dada et al. 1996; 1997; 1999. O'Connell 
et al. 2004). The results also showed that conidia upon 

contact with the host began to germinate at 12 hai and 

developed septum (Figure 3 B.a). This strongly agrees with 

the report of Latunde-Dada et al. (1996; 1997) who noted 

that the conidia of the fungus conidia took 12 h to 

germinate and develop septum on cowpea and lucerne 

inoculated with the disease in Southwest, Nigeria. It also 

agrees with Shen et al. (2001) who reported that the conidia 

of the organism germinated on tobacco at about the same 

time. This, however, was earlier than 16 and 18 hai 

reported for C. capsici and C. lindemuthianum on pea and 

common bean respectively; but later than 4 and 6 hai for C. 

truncatum and C. dermatium on cowpea leaf and stem 

specimens (Smith et al. 1999). Similarly, that the 

germination time recorded for the conidia of the test 

pathogen in this study is at par with 12 hai reported for C. 

lindemuthianum on cowpea by Bailey et al. (1990) may 

suggest that both organisms might be the same fungus 

since C. lindemuthianum has been proven incapable of 

infecting cowpea (Latunde Dada et al. 1996; Adegbite and 

Amusa 2008; Akinbode and Amusa 2008 a,b; Enyiukwu et 

al. 2014; ASHC 2015). 
 

 
 

 
 

  
 

Figure 2. Photomicrograph of healthy (uninfected) and infected 

cowpea leaf tissues. (A) Healthy (uninfected) leaf inoculated with 

a drop (0.05 ml) of inoculum at 0 h, (B) Appearance of necrotic 
spots on leaf 72 hai, (C) Mature lesion on leaf 96 hai, (D) 

Acervuli on lesion at ≥ 96 hai. Magnification: 1x 

 

  
 

Figure 3. Conidium of Colletotrichum destructivum O’Gara, (A) 
Conidium at 0 h after inoculation on leaves (arrow = no septum 

observed), (B) Conidium at 12 Hai on cowpea leaf showing 
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formation of germ tube and appressorium (arrow = septum 

observed). Magnification: 400x 

At the pre-penetration stage, conidia (Figure 3A) and 

other propagules of plant pathogenic fungi secrete surface 

acting proteins (hydrophobins and integrins) with which 

they attach to the host and resist agitation (Tucker and 
Talbot 2001). The successful attachment of the test 

conidium in this study may have been due to these 

compounds. The germination of C. destructivum spores 

observed in this study was followed by the formation of 

germ tube, development of appressorium at the tip of the 

germ tube (Figure 3.Bc) from where penetration peg 

developed. This structure compromised and penetrated the 

host cuticle-epidermal layer directly within 24 h. This is 

consistent with the report of many workers who reported 

direct penetration of the target hosts by Colletotrichum 

species (Da Silva et al. 2017; Xie et al. 2019). For instance, 

C. dermatium has been reported to penetrate cowpea 

(Smith et al. 1999) and C. destructivum also penetrated 

tobacco, lucerne and cowpea directly (Latunde-Dada et al. 

1996; 1997; Shen et al. 2001). Many workers believe that 

this direct penetration was achieved through melanin-

generated turgor pressure (Liao et al. 2012) assisted by 
hydrolyzing fungal cutinases (Pandey et al. 2012; Adelene 

et al. 2015) mustered to compromise certain phytoalexins 

(kievetone and phaseolidin of the plant defense system 

(Latunde-Dada and Lucas 2001). The tip of the infection 

peg remained and gradually enlarged inside the lumen of a 

single epidermal cell, forming large somewhat spherical 

vesicle which became multi-lobed and multi-septate at 

about 48 hai and gradually elongated to form the primary 

hyphae (Figure 4.A-B). The organism remained in this state 

till mid or late in the third day (about 72 hai). That the large 

primary hyphae remained inside a single epidermal cell for 

this length of time (72 hai) agrees with the characteristic 

transient localized biotrophy characteristic commonly 

demonstrated by members of C. destructivum sensu lato 

such as C. higginsianum, C. linicola, C. lentis, C. tabacum, 

and C. taneceti and C. horri on a variety of crops as 

reported by other workers (Shen et al. 2001; Barimani et al. 
2013; O’Connell et al. 2014; Da Silva et al. 2017; Xie et al. 

2019). However, it sharply contrasted with non-localized 

infection strategy of C. graminicola, C. falcatum and C. 

lindemuthianum on susceptible crop varieties where in the 

initial biotrophic phase many epidermal cells were invaded 

at once by their primary hyphae (Da Silva et al. 2017). 

Throughout this stage of biotrophy, the crop remained 

symptomless.  

The primary hyphae that had formed and successfully 

established inside the epidermal cell at penetration, 

expanded to develop narrow filamentous secondary hyphae 

in all directions (Figure 4.C). The pathogen invaded 

adjacent epidermal and mesophyll cells late into the third 

day after inoculation. In a parallel study of C. obiculare 

causal agent of cucumber anthracnose; Qi et al. (2013) also 

noted formation of secondary hyphae from large 

constricted primary hyphae at this time on leaves of the 
crop. This leads to the appearance of chlorotic water-

soaked necrotic spots on the test leaf surface at about 96 

hai (Figure 4.C-D). Shen et al observed that the organism 

incited typical symptoms of the disease on tobacco at 96 

hai. This is congruent with our observation in this study 

where the pathogen caused appearance of anthracnose 

lesions on the leaves of cowpea (Var. IAR-48) at 4 days 

after inoculation. However, our observation slightly 

deviated from the report of Latunde-Dada et al. (1996; 

1997) who in a related study on lucerne and cowpea in 

Southwest Nigeria found typical symptoms of anthracnose 

to begin to emerge on the crops at 120 hai. The differences 

in the time of appearance of the symptoms of the disease 

may have been occasioned by differences in inoculum 

potentials of the strains of the pathogen in the regions, or 

differences in variety, stage of maturity of host plant, or 
prevailing environmental factors during the experiments. 

The ability of the fungus to switch nutrition strategy 

from latent symptomless biotrophy to a damaging 

necrotrophy is triggered (or influenced) by changes in the 

synthesis and activity of cell wall degrading enzymes and 

secondary metabolites at the host plant-pathogen interface 

(Smith et al. 1999; Da Silva et al. 2017). The secondary 

hyphae is reported to secrete a diversity of cell-wall-

macerating enzymes [polygalacturonase (PG), pectin lyase 

(PL), pectin methylesterase (PME), pectin methyl 

galacturonase (PMG), pectin transeliminase (PTE), 

carboxymethyl cellulose (CMC), etc.] which inactivate host 

anti-stressor peroxidases [superoxide dismutase (SOD), 

ascorbate peroxidase (APX), catalase (CAT), gluthatione 

peroxidase (GPX) in advance of their spread (Kumaran et 

al. 2013; Oliveira et al. 2014). With this army of enzymes, 

the fungal secondary hyphae rapidly attack, de-cement 

neighboring cell walls, and create expanding necrotic 
lesions (Figure 4.D) as they digest the tissues (Figure 4.E) 

(Qi et al. 2012; Plant Symbiosis 2015). Acervulus having a 

single-celled seta (a characteristic diagnostic feature of C. 

destructivum as against C. lindemuthianum that has 

multiple setae) developed on the surface of leaf lesion at 96 

hai (Figure 2.C-D; Figure 4.F), thus completing the asexual 

cycle of the fungus. The production of only one seta on its 

acervulus by the test fungus in this study strongly conforms 

to submissions of production of only a single seta on the 

lesion of anthracnose-affected tobacco, lucerne and cowpea 

by C. destructivum (Latunde-Dada et al. 1996; 1997; Shen 

et al. 2001). Thus, the result of this study clearly showed a 

two-stage infection process − symptomless biotrophic 

nutrition (12-72 hai) and voraciously damaging 

necrotrophic nutrition (72-≥96 hai) – and as such the 

pathogen demonstrated a hemibiotrophic lifestyle. 

Inemibiotrophy is reported as a common lifestyle with 
some other members of the genera Colletotrichum such as 

C. trifolii, C. lindemuthianum as well as C. destructivum 

(Damm et al. 2009; 2014; Da Silva et al. 2017). 

Results of the study presented in Figure 5 showed that 

the hyphae of C. destructivum macerated the affected cells 

both intra-cellularly and inter-cellularly; beginning first 

with degradation of the lumen of the initial single 

epidermal cell (Figure 5.A-B). Late in the infection 

process, the pathogenic hyphae compromised the cell walls 

and the cementing middle lamella as they enlongated and 

infected other epidermal and mesophyll tissues (Figure 

5.C).  
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Figure 4. Infection process of Colletotrichum destructivum on 
cowpea. A-B. Fungal vesicle develops into multi-lobed structure 

48 hai. C-D. Multi-lobed primary structure elongates into thinner 

secondary hyphae and ramifies neighboring epidermal cells with 

appearance of necrotic lesion on leaf 72 hai. E. Intercellular 
network of hyphae inside the cell at 96 hai. F. Acervulus on leaf 

lesion 96 hai. Magnification: 400x 

 

 

   
 

Figure 5. Photomicrograph of infected cowpea leaf tissue 

showing Intra-cellular and inter-cellular colonization by 

Colletotrichum destructivum. A. Intra-cellular hyphae in a cell 
during early infection by the pathogen. B. Infected and colonized 

cell with mass of intracellular hyphae of C. Destructivum. C.  

Intercellular hypha during late infection degrading along middle 
lamella of leaf tissues by the pathogen. Magnification: 400x 

 

 
 

   
 

Figure 6. Photomicrograph of healthy (uninfected) and infected 
cowpea stem. A. Healthy (uninfected) cowpea stem tissue, a-d 

intact (undisrupted) cells, and 1 uncompromised cell boundaries. 

B. Infected cowpea stem tissue, e-i disrupted cells and 2 

compromised cell boundaries of infected cells due to activities of 
C. Destructivum. Magnification: 400x 

 

 

This feature is consistent with the report of other 

workers such as Latunde-Dada et al. (1996; 1997), Shen et 

al. (2001) and Da Silva et al. (2017) who noted localized 

hemibiotrophy characterized by intra- and intercellular 

colonization as a prominent attribute of C. higginsianum, 

C. linicola, C. fuscum C. tabacum and C. destructivum 

which distinguishes them from C. graminicola, C. 

Sublineola, C. lindemuthianum and C. falcatum whose 

biotrophic strategy is non-localized. It was also non-

congruent with the reported biotrophic phase of C. 

truncatum causal agent of anthracnose and brown blotch 

diseases of chilli pepper and cowpea respectively whose 

lifestyles are characterized by sub-cuticular intramural 

hemibiotrophy in both ferns and higher plants (Reboledo et 
al. 2015). 

The study showed that the fungus as it ramified and 

colonized cowpea, depleted the crop of valuable growth 

factors of the crop as observed in the disparity in growth 

between the uninfected (control) stem (Figure 6.A) and the 

infected stem tissues (Figure 6.B). Unlike the uninfected 

control experiment (Figure 6.A), the infected tissues were 

turbid, and devoid of vitality, turgidity and vigor; and had 

weak and loose middle lamella compromised by fungal 

passage; and cleared, open spaces representing points of 

nutrient extraction, depletion, and degradation by the test 

fungus (C. destructivum) (Figure 6.B). This observation is 

in agreement with the findings of Amadioha (1994; 2012) 

and Markson et al. (2014) who also noted such points of 

nutrient degradation between tomato and potato tissues 

infected and colonized both inter- and intra-cellularly by 
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Rhizopus stolonifer, Botrydiplodia theobromae, and 

Penicillium expansium than the control experiment.  

In conclusion, this study clearly showed that the 

pathogen's infection process lasted ≥96 hours hai; and 

demonstrated that the organism lives intra-cellular 

hemibiotrophic lifestyle. The first biotrophic phase lasted 

about 72 hai whereas it switched to a damaging 

necrotrophy in the later phase (72-≥96 hai). This later 

phase was attended by massive loss of tissue integrity and 

vitality. This complex lifestyle of Colletotrichum 

destructivum amongst other variables contributes to make 

managing cowpea anthracnose difficult. It is generally 
known that seeds remain a popular means of propagating 

cowpea. As such, they remain also a viable means of 

distributing seed-associated pathogen far and wide into 

disease-free locations. And given that Colletotrichum 

destructivum can potentially cross-infect hosts, all these, 

therefore, have far reaching implications for bio-security 

since C. destructivum can survive saprophytically on crop 

thrash and as spores on seed coats or endophytically as 

dormant mycelia on cotyledons. Again, being that the 

pathogen is very highly variable, available resistant 

varieties against the disease are not long-lasting. 

Understanding the lifestyle of the pathogen could 

contribute enormously towards developing proper 

diagnostics and tailoring appropriate control measures for 

the disease. Quarantining and strict control of trans-border 

trade in bean seeds is thus necessary and strongly 

recommended. Also, since the pathogen takes 3 days after 

infection to initiate and maintain biotrophic nutrition 
strategy before switching to a damaging necrotrophic 

phase; this implies that appropriate bio-pesticide or 

conventional fungicide must be applied at this point to 

achieve maximum control of the pathogen, increase yield 

and quality of cowpea, and lessen toxic chemical load on 

the environment.  
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Abstract. Haeidari A, Keshavarzi D, Owlia P, Vatandoost H, Rafinejad A, Rafinejad J. 2021. Isolation and enumeration of bacteria 
responsible for nosocomial infections from houseflies and determining their susceptibility to poison bait. Nusantara Bioscience 13: 24-
28. Nosocomial infections represent a serious public health concern in developing countries. Houseflies are one of the most common 
household pests carrying different pathogenic organisms. The purpose of this study was to isolate and enumerate bacteria species from 
house flies and to determine their susceptibility to Agita® fly bait. Flies were collected from two hospital environments between July to 
December 2014, in Yazd Province of Iran. Bacterial species were isolated from the outer surfaces of flies, and Agita® efficacy was 
evaluated based on lethal time (LT50) after 1, 2, 4, 8, 16, and 32 minutes. Three species of bacteria (Escherichia coli, Pseudomonas 
aeruginosa, and Staphylococcus aureus) responsible for nosocomial infections have been isolated and enumerated from flies. Among 

the 30 flies collected, 17, 24, and 3 flies were contaminated with E. coli, S. aureus, and Ps. aeruginosa, respectively. The minimum 
number of isolated bacteria was 3 × 102 CFU/mL, whereas the highest number was 2.4 × 105 CFU/mL. The susceptibility results showed 
that, despite the existence of a significant effect for heterogeneity in both field and laboratory strains (p-value  ˂0/05) and an increase in 
the mortality of houseflies during the time, there was no significant difference between two strains regarding the efficacy of Agita® 
against houseflies. The findings of the present study revealed and confirmed that houseflies have an important role in the spread of 
nosocomial infections in hospital environments, and they are susceptible to Agita® fly bait.  

Keywords: Agita, housefly, nosocomial infections, susceptibility 

INTRODUCTION 

The housefly (Musca domestica) is a common insect of 

the family Muscidae, order Diptera (Rassi et al. 2020). 

They are diurnal insects that live in the human environment 

and its surrounding, in terms of behavior, feeding, flying 

power, and quick handling, transmit mechanically many 

different pathogens to human’s food and living 

environment (Zahn and Gerry 2020; Elyasigomari et al. 

2020). There are more than 100 species that can transmit 

pathogens, but the two most common household pests are 
flies and cockroaches that transmit mechanically by oral 

supplements, hairs of body, legs, wings, feces, and vomit 

(Shiravand et al. 2018; Kobayashi et al. 2020). House flies 

and cockroaches can transmit various pathogens, including 

bacteria, protozoa viruses, and parasitic eggs that can cause 

internal disorders, diarrhea, and typhoid (Sahi 2019; 

Nwankwo et al. 2020). The hospital setting is one of the 

places that flies can cause serious problems for human 

health. Contamination in hospitals and medical centers to 

bacterial pathogenic agents (nosocomial infections), is the 

most complicated problem worldwide in both developed 

and developing countries (Nazari et al. 2017; Park et al. 

2019). A previous study by Shiravand et al. (2018) 

indicated that nosocomial infection is a leading cause of 

death in all countries. Nosocomial infections have a 

significant impact on the length of hospital stay, mortality 

in hospitalized patients and medical care cost. 

Pseudomonas aeruginosa, Staphylococcus aureus and 

Escherichia coli are the most important pathogenic bacteria 

causing nosocomial infections. The increasing antibiotic 

multidrug resistance of these bacteria has created many 

problems (Nwankwo et al. 2020). Therefore, the study of 
the number of pathogens carried by house fly is necessary 

to be done. 

Chemical control is one of the most frequently used 

interventions to control house flies (Levchenko et al. 2019). 

Poison bait formulations such as Agita are one of the 

current control strategies, as it is cost-effective and reduces 

insecticide exposure to non-target organisms. Agita bait is 

a contact and stomach insecticide with a mixture of two 

active ingredients; thiamethoxam (a neonicotinoid 

insecticide) and tricosene (a housefly pheromone) (Nurita 

et al. 2008; Ong et al. 2015). The toxicity mechanism of the 

neonicotinoids is an agonist to the nicotinic acetylcholine 
receptor. Tricosene is used in this formulation to attract 

http://scholar.google.com/citations?view_op=view_org&hl=en&org=14351137094589763206
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male and female flies (Nurita et al. 2008). There is no 

information on the house fly susceptibility to the Agita fly 

bait in Iran. Therefore, the objective of this study was to 

determine the efficacy of house fly bait formulations 

against M. domestica under laboratory conditions.  

MATERIAL AND METHODS: 

Study area and sampling 

Two public hospitals were randomly selected from two 

areas of Yazd between June to December 2014 for this 

descriptive-analytic study. There were 30 adult houseflies 
trapped from various parts of the hospitals. Collected 

houseflies were put into sterile test tubes and then 

transported to the microbiology laboratory within two 

hours. Yazd is the driest city in Iran, with a yearly 

precipitation amount of 49 millimeters (1.9 in) and only 23 

days of precipitation, with summer temperatures very 

frequently above 40°C (104°F) in blazing sunshine without 

humidity.  

Microbiological analysis 

Each fly was placed in 5 mL physiologic serum and 

was vortexed for 30 seconds. Then, 100 μl of physiologic 
serum was inoculated in the Brain Heart Infusion Agar 

culture medium. Inoculated Petri dishes were incubated for 

24 hours at 37°C. After incubation, the appearance of the 

colonies was observed, and the number of colonies was 

counted. 

One hundred μl physiologic serum was culture on the 

various culture media, i.e., Nutrient Agar, Brain Heart 

Infusion Agar, Cetrimide Agar, Brad Parker Agar (BPA) 

and MacConkey Agar (production of IBRESCO Company, 

Iran) and Mannitol Salt Agar (MSA) and Eosin Methylene 

Blue (EMB) (production of MERCK Company, Germany) 
to specify cultivation of P. aeruginosa, E. coli, and S. 

aureus. The various inoculated culture media were 

incubated for 24 hours at 37°C. After incubation, the 

number of colonies based on the specific characteristics of 

the bacteria was determined. 

Chemicals and Preparation 

Agita® 10 WG (Basel, Switzerland) contains 

thiamethoxam (10.0% w/w) and Tricosene (0.5g/kg). The 

required concentration was prepared according to the 

manufacturer's instruction (10g/13mL water) and was 

rubbed onto three paper sheets (10 cm x 10 cm) as bait 

targets and placed in separate cages. Three replicates were 
conducted for each bait test (20 flies for each replicate. In 

the control group, the paper was soaked with water. 

Bait evaluation 

The first generation (F1) of adult flies were used for 

testing. Flies were starved for 12 h before the tests. 

Efficacy was evaluated based on lethal time (LT50) after 1, 

2, 4, 8, 16 and 32 minutes of contact time. After contact 

times, flies were transferred into a disposable cup and the 

mortality was scored 24 hours later. The mortality of the 

flies was assessed daily at a certain time for 2 weeks. Data 

were analyzed using Probit analysis. The 95% confidence 

interval overlap of LT50 was compared for statistical 

significance. 

RESULTS AND DISCUSSION 

Isolation and enumeration of bacteria species 

Thirty flies were used to isolate the bacteria responsible 

for nosocomial infections. There were 25 flies (83.3%) 

were found to carry one or more species of bacteria. 

Seventeen flies were carrying E. coli, 24 flies were 

carrying S. aureus, and 3 flies were contaminated with P. 
aeruginosa respectively. There were 2 flies (6.7%) carrying 

3 bacteria species, and 16 flies (53.4%) carrying E. coli, 

and S. aureus species. E. coli contamination was observed 

by the appearance of metallic luster colony from 17 flies 

samples )Figure 1(. The minimum number of isolated 

bacteria was found to be 3 × 102 CFU/mL, while the 

highest number was 2.4 × 105 CFU/mL (Table 1.). The 

housefly (Musca domestica) has a wide distribution in all 

parts of the world and a close association with humans and 

their environment, therefore housefly can be one of the 

most important mechanical vectors of bacteria, viruses, 
fungi, protozoa, and worm eggs (Zahn and Gerry 2020; 

Elyasigomari et al. 2020). The results of bacterial isolation 

from the outer surface of the fly body show that flies can be 

carriers of various species of bacteria and vector of several 

diseases because they are common around households, 

garbage, human, and animal excreta (Pace et al. 2017; 

Kavran et al. 2019). This study showed that house flies can 

carry dangerous bacteria such as P. aeruginosa, E. coli, and 

S. aureus that are medically important. P. aeruginosa is 

associated with a progressive loss of lung function in cystic 

fibrosis patients (Mogayzel et al. 2014). 
Staphylococcus aureus contamination in houseflies has 

been reported in several previous studies (Nazari et al. 

2017; Nwankwo et al. 2020). One of the most common 

human pathogens and the most important cause of hospital-

acquired infections is S. aureus. S. aureus can cause a wide 

range of diseases, including serious infections such as 

septicemia, endocarditis, wound infections, bacteremia, and 

osteomyelitis in hospitalized patients and is one of the 

common causes of mortality in hemodialysis patients 

(Salgado-Pabón et al. 2013; Tong et al. 2015). 

 

 

  
 

Figure 1. Green metallic luster colonies belong to the standard 

strains of Escherichia coli (right) and M22 fly (left) on the EMB 
growth medium 
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Table 1. Total bacteria count and bacteria species isolated from the body surfaces of the collected flies 

 

Sample No. 
Count 

Sample No. 
Count 

E. coli S. aureus Ps. aeruginosa E. coli S. aureus Ps. aeruginosa 

M1 9  102 102 ---- M16 ---- 9  102 ---- 

M2 4  102 2  102 ---- M17 102 3  102 ---- 

M3 8  103 6  103 ---- M18 ---- 6  102 ---- 

M4 2  102 102 ---- M19 6  102 4  102 ---- 

M5 3  103 102 ---- M20 ---- ---- ---- 

M6 5  103 3  103 3  102 M21 ---- ---- ---- 

M7 4  103 4  102 ---- M22 2  103 ----  

M8 8  102 1.1  104 ---- M23 ---- 102 ---- 

M9 1.6  103 2  103 ---- M24 ---- 3.4  103 ---- 

M10 4.6  103 7  103 ---- M25 ---- 3.8  102 ---- 

M11 ---- ---- ---- M26 ---- ---- ---- 
M12 ---- ---- ---- M27 102 4.3  103 ---- 

M13 9  102 5  102 ---- M28 ---- 1.9  102 ---- 

M14 5  102 4  102 ---- M29 ---- 2  102 ---- 

M15 8  102 8  102 4  102 M30 ---- 1.2  102 ---- 

 
 

 
Table 2. Probit regression line parameters related to the results of experiments of Ajita insecticide on two field and laboratory strains. 
 

Tests Y-intercept Slope ± SE 
LT50 , 

95% C.I. 

LT90, 

95% C.I. 

X2 

(df) 
p value 

Field strain -1/41 1/92 ±/338 5/47 25/47 45/3 (4) </05 
Lab strain 1/48 1/77±/237 6/85 36/42 24/3 (4) </05 

 
 

 

Escherichia coli contamination had the highest 

frequency of occurrence which is in line with previous 
studies (Salgado-Pabón et al. 2013; Nwankwo et al. 2020; 

Sobur et al. 2019). E. coli and S. aureus are the two most 

important pathogens causing urinary tract infections in 

humans (Zahn and Gerry 2020). A study by Chaiwong et 

al. (2014) in Thailand showed that bacterial contamination 

(P. aeruginosa, E. coli, and S. aureus) in C. megacephala 

was 11-12 times greater than M. domestica.  

Sasaki et al. (2000) reported a similar result on E. coli 

contamination in house flies.  E. coli reproduce in the oral 

parts of the housefly, and three days after swallowing the 

bacteria was disposed of by the fly, and survive for up to 
four days in the gut of the housefly. House flies transmit 

bacteria both mechanically, via contaminated mouthparts 

and legs, and biologically, via ingestion of microbes and 

excretion in vomit or feces. (Sasaki et al. 2000). We 

assume that the bacteria are multiply in the digestive tract 

of houseflies. The digestive tract of house fly may provide 

a favorable environment for the horizontal transfer of 

antibiotic resistance genes among bacteria (Zahn and Gerry 

2020). Therefore, flies may be involved in the spread of 

drug-resistant bacteria in different places. 

In the present study, bacterial contamination in 

houseflies was very high including E. coli, Ps. aeruginosa, 
and S. aureus. These bacterial isolates were medically very 

important because they can result in serious infections. 

These bacteria were collected from the outer surface of the 

housefly’s body, therefore, bacterial contamination on 

houseflies collected from the hospital environment may 

reflect the contamination status of the hospital 
environment. 

Bait evaluation 

The mortality rate showed that the death occurred 

immediately after the flies feed the feeding from Agita. 

One minute after feeding, there were 22 flies from the 

laboratory and 26 flies from the field were dead. Over time, 

the mortality rate of flies in both strains increased (Figure 

2). 

The results of probit analysis of the susceptibility tests 

revealed that with increasing time (after one minute), the 

probability of death of house fly collected from the field 
was increased to 1.928 ± 0.38, while that of the house fly 

from the laboratory was 1.77 ± 0.128. The median lethal 

time (LT50) and LT90 for houseflies from the field were 

5.47 minutes and 25.47 minutes, respectively. LT50 and 

LT90 values for houseflies from the laboratory were 6.85 

and 36.42 minutes, respectively (Table 2.). The regression 

lines of the susceptibility for houseflies from the field and 

laboratory were presented in Figure 3. The susceptibility 

results showed that, despite the existence of a significant 

effect for heterogeneity in both species of field and 

laboratory (p-value ˂ 0/05) and an increase in the mortality 

of houseflies during the time, there was no significant 
difference between two strains regarding the efficacy of 

Agita® against houseflies. 
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Figure 2. Effect of Agita on the number of mortality in adult flies during specific times. 
 
 
 

 

  
 
Figure 3. Probit regression lines of susceptibility test for adult 
flies to Agita fly bait 
 

 

 

The results of the susceptibility tests showed that the 

resistance ratio was 0.79. Resistance ratio (RR) was 

obtained according to the following formula : 

 

RR = LT50 of field population/LT50 of susceptible 

laboratory population 

 

Based on the RR value, houseflies collected from the 

field were more susceptible to Agita. A previous study by 
Nurita et al. (2008) on synanthropic flies showed that the 

Agita fly bait was effective for 4 weeks but its 

effectiveness was significantly reduced on week 6th. A 

study by Ong et al. (2015) indicated a minor resistance to 

Agita, hence there is a possibility of increasing Agita 

resistance in houseflies. Agita irritates before the 

knockdown effect and consequently, the houseflies fly 

away and die away from the insecticide source (Msangi et 

al. 2005). These results indicate that Agita fly bait performs 

well against houseflies. Evaluation of the residual efficacy 

of insecticides or chemical baits is important in formulating 

effective fly control programs. There is a need to extend 

the effectiveness of fly baits for a longer period and 
economically feasible to use in fly control programs 

(Nurita et al. 2008). It has been reported that the 

effectiveness of Quick Bayt® is longer compared to 

Agita®. The difference in effectiveness could be due to 

pellets or granules of Quick Bayt® are homogenous pellets 

(Nurita et al. 2008).  

The results of this study are expected to motivate the 

relevant hospital authorities regarding insect control so that 

it can prevent infections caused by bacteria and stem 

hotspots of their release in the hospitals. Agita fly bait can 

be used as part of an integrated pest management program 

for house flies and also for application as a spot spray 
insecticidal bait. The presence of houseflies indicates a lack 

of sanitation and unhygienic conditions. The findings of 

this study suggest that houseflies can be efficient vectors 

for the mechanical transmission of multidrug-resistant 

diseases causing organisms, especially from a health-care 

environment. Considering the importance of this issue: 

hospital officials should pay attention to healthcare waste 

management, hospital inputs particularly windows covered 

with a net to prevent the entry of flies, if necessary. The 

Agita fly bait formulation can be used for outdoor fly 

control in the hospital. 
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Abstract. Dhakal A, Khanal S, Pandey M. 2021. Ethnoveterinary practice of medicinal plants in Chhatradev Rural Municipality, 

Arghakhanchi District of Western Nepal. Nusantara Bioscience 13: 29-40. The use of medicinal plants is a traditional system in treating 
domestic animals in Nepal. This study was done to investigate and document knowledge about using different plants with medicinal 
value to cure different animal ailments in Chhatradev Rural Municipality, Arghakhanchi district of western Nepal. A total of 100 elderly 
people rearing domestic animals and having traditional knowledge of ethnoveterinary plants were selected for interview. A semi-
structured questionnaire was employed, and interviews were conducted for addressing detailed ethnoveterinary information. The uses of 
103 plant species belonging to 56 families were documented for the treatment of 21 animal ailments. Fabaceae was found to be a 
dominant family with 10 plant species followed by Poaceae (8 species). The most commonly used plant parts were leaf, seed, and fruit. 
Herbs were dominant with 44 plant species followed by trees (32 species), shrubs (14 species), and climbers (13 species). The wide 
application of the medicinal plants as the form of paste formulation was observed for 41 plant species, while 25 plant species were used 

as powder formulation followed by Juice (21 species), raw (20 species), decoction (19 species), infusion (5 species), and roasted 
formulation (3 species). Oral route was the most common route followed by dermal and ocular. It was found that the informant 
consensus factor (ICF) values varied from 0.858 to 0.96. A high informant consensus factor was found for ailment of reproductive 
category (0.96) followed by respiratory (0.957), gastrointestinal (0.949) while the least was in urinary problem category (0.858). The 
highest citation frequency was found for Trachyspermum ammi (L.) Sprague (247) followed by Myristica fragrans Houtt. (111), 
Sesamum indicum L. (109), Saccharum officinarum L. (107) and Zea mays L. (97). The wide use and rich knowledge of ethnoveterinary 
practice were found in the study area. This study might be handy to discover useful ethnopharmaceutical agents applicable in the 
livestock industry. Conservation programs should be done from the government level and study on the use of medicinal plants for 

treating animal diseases is recommended. 

Keywords: Animal care, indigenous knowledge, livestock, Nepal, traditional veterinary healers 

INTRODUCTION 

Medicinal plants have been used by humans for human 

as well as animal ailments, and disease treatment from the 
earliest history of human beings  (Bartha et al. 2015; 

Petrovska 2012). Ethnoveterinary medicine is the 

traditional approach relating to the treatment and 

maintenance of animal health care. It is following folklore 

beliefs, skills, and practices of people by using locally 

available plant species  (Hassan et al. 2017; Katerere and 

Luseba 2010; Ryan 2014). These medicinal plants 

discovered by traditional societies are an important source 

of new potential therapeutic drugs  (Pan et al. 2014).  

The current studies have the equal concern of 

improving human medication as well as animal health by 

the use of locally available medicinal plants. In contrast to 
modern veterinary medicine, ethnoveterinary practices 

have been established through trial and error methods with 

deliberate experimentation by farmers in the fields  

(Baskota and Doj Raj 2013). The increase in the cost of 

caring for and maintaining animal health in modern health 

facilities has made researchers increase their enthusiasm 

towards the study of ethnoveterinary medicinal plants  

(Phondani et al. 2010). Nepal is predominantly an 

agricultural county with about 90% of people in rural areas 

own livestock as a part of their livelihood  (MOAD 2017). 
For a developing country like Nepal with a huge number of 

poor farmers, ethnoveterinary practice for animal treatment 

is a sustainable way of veterinary medicine practice in the 

new era  (NAVS 2015). The indigenous use of 

ethnoveterinary medicinal plants is of great boon to the 

developing countries because of its quick accessibility and 

affordability where there is no easy access to the modern 

veterinary care facilities  (Aziz et al. 2018). Although 

ethnoveterinary medicinal plants carry great potential in the 

treatment of the animals, proper documentation of the 

plants has not been done in the majority of the rural areas 

of Nepal. The knowledge has been transferred from one to 
the next generation only verbally or orally  (Raut and 

Shrestha 2012) which is not a dependable way to preserve 

the knowledge of ethnoveterinary practices. The ease of 

access to modern health facilities, increase in development 

of socio-economic aspects, failure to transfer indigenous 

knowledge regarding medicinal plants, change in 

technology, and unplanned urbanization have led the use of 

mailto:dhakalalok06@gmail.com
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ethnoveterinary medicinal plants in a great threat  (Subedi 

2017; Weckmüller et al. 2019). 

As ancient practice of herbal treatment of livestock 

diseases are still significant today, and are still used by 

many farmers, veterinarian, Ayurvedic physicians, and 

Vaidyas, so that this study was conducted to investigate, 

and document local knowledge about the use of different 

plants with medicinal value in Chhatradev Rural 

Municipality of Arghakhanchi district in Nepal. The 

objectives to carry this study were (i) to document the 
plants with medicinal values used in the treatment of 

various ailment category of the animals, (ii) to disseminate 

the formulation technique and the plant part used, (iii) to 

determine the informant consensus factor and (iv) to record 

the plant species with the highest citation frequency. This 

study will be a useful resource for the conservationist, 

veterinarians, phytochemists, and Ayurvedic physicians to 

conduct pharmacological studies in the coming days, and 

will be a valuable asset for the farmers for the treatment of 

animals health. 

MATERIALS AND METHODS 

Study area 

  Chhatradev Rural Municipality is a rural municipality 

of Arghakhanchi district located in Lumbini province of 

Nepal. It has an area of 87.62 square kilometres. The 

climate is tropical to subtropical type with cool and humid. 

The majority of people are Brahman, Chhetri, Magar, and 

other ethnic groups like Kumal, Gurung, Kami, Damai, 

Sarki, Thakuri, Sanyasi, Newar, Badi, and others  (CBS 

2012). The rural people are not only dependent on forests 

and natural vegetation to fulfill their daily needs of 

fuelwood, fodder, grasses, leaf litter, etc., but also for the 

treatment of ailments and diseases using medicinal plants. 

The map of the study area is shown in Figure 1. People 

here are acquainted more with the traditional 

ethnobotanical knowledge, and are well practitioner of folk 

beliefs. 

Data collection 

The data were collected from July to September 2020. 

A total of 100 elderly, knowledgeable, and experienced 

persons rearing domestic animals who had traditional 

knowledge of ethnoveterinary plants were selected. A 

questionnaire was prepared, and interviews were taken 

from them addressing detailed ethnoveterinary information. 

The interview process followed international codes of 

ethics  (ISE 2006). 

 

Plant specimen collection and identification 
Some of the collected specimens were identified in the 

field, whereas others were identified with the help of 

standard botanical literature. Nomenclature of the 

identified species follows standard kinds of literature  

(Aryal et al. 2016; DPR 2015; IUCN Nepal 2000; POWO 

2017).

 

 
 
Figure 1. A. Map of Nepal showing Arghakhanchi districts with green color and other hollow ones are other districts. B. Map of 
Arghakhanchi district showing Chhatradev Rural Municipality. C. Map of Chhatradev Rural Municipality  
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Data organization 

After completion of fieldwork, data entry was done in 

Microsoft Excel 2016. The life form of the medicinal plants 

was classified into herbs, shrubs, trees, and climbers. The 

plant part utilized was classified into bark, bulb, flower, 

fruit, latex, leaf, rhizome, root, seed, stem, tuber, and whole 

plant. The preparation technique was classified into different 

groups, i.e., powder, paste, juice, infusion, raw, decoction, 

and roast. Route of administration was categorized into 

oral, dermal, and ocular. The uses of medicinal plants were 
categorized into ten major categories: reproductive, 

respiratory, gastrointestinal, antipyretic, parasitic, general 

weakness, eye, dermatological, osteological, and urinary 

problems.  

 

Data analysis 

For analysis of socio-demographic profile, Microsoft 

Excel 2016 was used.  

Informant consensus factor (ICF) 

To determine the agreement among informants in terms 

of the use of plants, the Informant Consensus Factor (ICF) 
was calculated  (Heinrich et al. 1998) . It was followed in 

the number of Ethnoveterinary studies of Medicinal Plants  

(Adeniran et al. 2020; Tariq et al. 2014). 

ICF=  

Where; ICF = Informants consensus factor, Nur = 

number of use reports from informants for a particular 

plant-use category; Nt = number of taxa or species that are 

used for that plant use category for all informants. 

The result of this index ranges from 0 to 1. ICF values 
are low if plants are chosen randomly or if there is no 

exchange of information about their use among informants, 

and approach one (1) when there is a well-defined selection 

criterion in the community and/or if information is 

exchanged between informants.  

Citation frequency (Cf%) 

Cf of medicinal plants is useful to determine the most 

commonly used medicinal plants in the study area. 

Cf % =  ×100 

Where; n refers to the number of times a particular 

species was mentioned, N refers to the total number of 

times that all species were mentioned.  

RESULTS AND DISCUSSION 

Socio-demographic profile of the informants and their 

domestic animal composition 

Out of 100 informants, more than half of the 

respondents were male (58) while there were 42 female 

respondents. Most of the interviewees (72) were older than 

50 years and 28 interviewees were between 35-50 years 

old. Agriculture was the main source of household income 

to 70 respondents while 19 people had government 

services, and 11 had remittance as the way to make a 

living. Among the informants, there were not any illiterate 

while the majority (70) of the informants had gained 

primary education, 19 informants had gained secondary 

education, and the rest (11 informants) had got other higher 

forms of education (Table 1). Livestock (Buffalo, Goat, 

Cow, Poultry) were important economic sources of 

informants. The majority of the respondents (98) kept 

buffalo, 81 respondents kept goats, 28 respondents kept 

poultry and 4 respondents kept cow with their total number 
191, 237, 191, and 7 respectively (Figure 2). 

Source of ethnoveterinary knowledge  

The majority of the respondents received the knowledge 

of ethnoveterinary use of plants from their ancestors 

whereas some came from neighbors, newspapers, and 

radio. Elderly people, mainly male, were rich in 

ethnoveterinary knowledge, and more concerned about the 

conservation of plants than younger people. This 

observation has also been reported by Khan et al. (2015). 

 

 
Table 1. Socio-demographic characteristics of respondents 
 

Description Frequency 

Age  
35- 50 28 
>50 72 

Gender   

Female 42 
Male 58 

Educational level  
Primary 70 
Secondary 19 
Others 11 

Primary occupation  
Agriculture 70 

Government services 19 
Remittance 11 

 

 

 

 

 
 

Figure 2. Respondents with the number of their livestock in the 
study area 
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Table 2. List of the ethnoveterinary medicinal plants identified in the study area  
 

Botanical name Family Local name 
Life 

form 
Part used 

Form of 

medication 
Route Method of use and application 

Justicia adhatoda L. Acanthaceae Asuro Shrub Whole plant Decoction Oral Decoction prepared from the whole plant is given twice a day orally until cure of 
common cold 

    Leaf Paste Dermal Leaves are ground to make a paste and mixed with turmeric powder to cure 

ectoparasite  
Achyranthes aspera L. Amaranthaceae Datyun Herb Whole plant Raw Oral Fed as a feed to cure endoparasite 
Chenopodium album L. Amaranthaceae Bethe Herb Whole plant Juice Oral The whole plant is crushed and obtained juice is given orally to treat dysentery  
Allium sativum L. Amaryllidaceae Lasun Herb Bulb Paste Oral Allium sativum L. and Mentha arvensis L. are mixed in a ratio of 1: 2. They are 

crushed and given to animal to cure diarrhea 
      Dermal Bulb is crushed with camphor to make paste and applied to the wound. 
Mangifera indica L. Anacardiaceae Aap Tree Bark Powder Dermal The bark is dried then ground with camphor and applied to the burn area  
Rhus javanica L. Anacardiaceae Bhakkimlo Tree Fruit Infusion Oral Ripe fruits are soaked in water, and water is given twice a day to animal by mixing 

with curd to treat diarrhea and dysentery  
Semecarpus anacardium L. Anacardiaceae Bhela Tree Fruits Juice Dermal Fruit is ground with mustard oil and applied to wound 
Centella asiatica (L.) Urb. Apiaceae Ghodtapre Herb Whole plant Raw Oral The whole plant is fed to treat urinary disorders. 
Trachyspermum ammi (L.) 
Sprague 

Apiaceae Juwano Shrub Seed Powder, 
Decoction  

Oral The required amount of dry seed is crushed and fed with water, cornflour meal. It 
can also be boiled in water and fed twice a day to cure cough, diarrhea, and fever. 
Whereas dried seeds of Trachyspermum ammi (L.) Sprague, Sesamum indicum L. 
and Myristica fragrans Houtt. are crushed to make powder, and given to animals by 
mixing with cornflour to cure constipation and increase milk production. 

Calotropis gigantea (L.) 
Dryand. 

Apocynaceae Aank Tree Leaf Paste Dermal Lightly crushed leaves are warmed on fire and kept on swelling joints 

Holarrhena pubescens 
Wall. ex G.Don 

Apocynaceae 
 

Indrajau Tree Bark Decoction Oral Decoction obtained from bark is given to the livestock to treat constipation, 
diarrhea, and dysentery  

Marsdenia tenacissima 
(Roxb.) Moon 

Apocynaceae 
 

Bilajor Climber Root Paste Dermal Root paste is applied on swelling bone area 

Acorus calamus L. Araceae Bojho Herb Rhizome Paste Dermal Paste prepared from the rhizomes is applied to the body of animals to remove lice 
Colocasia esculenta (L.) 

Schott 

Araceae Karkalo Herb Leaf, Stem Decoction Oral Small pieces are made by cutting them and given to animal by cooking with 

cornflour to cure endoparasite and diarrhea 
Agave cantula Roxb. Asparagaceae Ketuki Herb Leaf Decoction Oral Juice extracted from boiled leaf is given orally to cure fever 
     Juice  Leaves are ground to obtain juice and fed for any urinary related problem 
Aloe vera (L.) Burm.f. Asphodelaceae Ghyu kumari Herb Leaf Raw Dermal Jelly portion of leaf is rubbed in burn area and cure mastitis 
Begonia picta Smith Begoniaceae Magarkanche Herb Root Infusion Ocular Water obtained after infusion of the root is applied to treat conjunctivitis of buffalos 
Oroxylum indicum (L.) 
Kurz 

Bignoniaceae Tatahalo Tree Bark  Powder Oral Bark of Oroxylum indicum (L.) Kurz and Schima wallichii (DC.) Korth. are dried, 
then ground to obtain powder, and fed to cure diarrhea 

    Leaf, seed Paste  Fresh leaves and seeds are ground to make a paste, and fed to cure urinary problem 

Cynoglossum zeylanicum 
Thumb. ex. Lehm. 

Boraginaceae Bhere kuro Herb Whole plant Powder Ocular Powder obtained from dried plant is blown to eye problem 

     Paste Dermal Paste of plant mixed with water and applied to cure skin scabies and wound 
Brassica nigra L. Brassicaceae Tori Herb Seed Juice Oral The mustard oil is directly fed to cure endoparasite and uterus prolapse 
     Paste Dermal Mustard cake is mixed with maize flour, and fed to increase milk production  
       Mustard cake is applied to cure skin scabies  
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Cannabis sativa L. Cannabaceae Ganja Herb Leaf, seed Powder Oral The mixture of leaf and seed is ground then drenched with water to cure diarrhea, 

fever, and urinary related problems  

Crateva unilocularis 
Buch.-Ham 

Capparaceae Simlikan Tree Leaf, stem Raw Oral The grass and edible stem are directly fed to cure endoparasite 

Carica papaya L. Caricaceae Mewa Tree Seed Powder Oral Matured dry seeds are crushed to make powder, and given orally to cattle once a day 
for up to six days against internal parasites 

Terminalia bellirica 
(Gaertn.) Roxb. 

Combretaceae Barro Tree Fruit Powder Oral Fresh fruit is given orally to treat diarrhea 

Commelina benghalensis L. Commelinaceae Khane jhar Herb Leaf Paste Dermal Paste obtained from leaf is made and applied locally on fresh wounds in animals as 
antiseptic 

Artemisia indica L. Compositae Titepati Herb Leaf Juice Dermal Leaf and kerosene are crushed to make a juice and applied to cure ectoparasite 
    Whole plant  Decoction Oral Artemisia indica L., Azadirachta indica A.Juss. and Melia azedarach L. (Leaf) are 

taken and cut into pieces, mixed with cornflour, cooked, and fed to cure endoparasite  
    Leaf Paste Dermal Leaf and camphor are crushed to make a paste and applied in a wounded area twice 

a day 
Tagetes patula L. Compositae Sayapatri Herb Root Paste Oral Fresh roots are ground and fed to treat urinary problem 
Cuscuta reflexa Roxb. Convolvulaceae Aakash beli Climber Stem Infusion Oral Stem along with local tomato, ghee, butter, and curd is placed in a copper vessel 

over a night. It is given orally to cattle against endoparasites 

Cucumis sativus L. Cucurbitaceae Kakro Climber Seed Powder Oral Dried seeds are crushed to make powder and fed by drenching with water to cure 
urinary problems 

Cucurbita maxima Duchesne Cucurbitaceae Farsi Herb Fruit Decoction Oral Ripen yellow pumpkin is cooked with cornflour and feed to cure mastitis 
Solena heterophylla Lour. Cucurbitaceae Golkankri Climber Root Paste Dermal The paste prepared from the root is applied to cure mastitis 
    Whole plant Raw Oral The whole plant is considered a nutritious feed, and also used to increase milk 

production 
Trichosanthes cucumerina 
L. 

Cucurbitaceae Chichinno Climber Seed Powder Oral Dried seeds are crushed to make powder and fed by mixing with turmeric to cure 
endoparasite  

    Fruit Raw  Fruit is fed raw to treat mastitis and removing the placenta 
Cyperus difformis L. Cyperaceae Mothe Jhar Herb Root Paste Oral The root nodules are crushed and fed to cure any urinary related problem 
Dioscorea deltoidea Wall. 
ex Griseb. 

Dioscoreaceae Bhayakur Climber Tuber Juice Oral Juice obtained from tuber is given twice a day is to treat constipation 

Equisetum debile Roxb. ex 
Vaucher 

Equisetaceae Kurkure Jhar Herb Stem Paste Dermal Paste obtained from stem is applied externally on fractured bone 

Albizia procera (Roxb.) 
Benth. 

Fabaceae Jukret Shrub Bark Powder Oral Dried bark is crushed to make powder, and drenched with water to cure bone related 
problems  

Bauhinia purpurea L. Fabaceae Koiralo Tree Leaf Raw Oral Oral administrations of leaves as feed to enhance lactation 

    Bark Decoction Dermal Slightly warm stem bark decoction is used to cure wounds 
Cassia fistula L. Fabaceae Rajbrikshya Tree Fruit, seed Powder Oral Dried seed and fruit are ground to make powder, and fed to cure urinary problem 
Dalbergia sissoo Roxb. Fabaceae Sissoo Tree Leaf Juice Oral Leaf is crushed to obtain juice, and then mixed with churning curd, and fed to cure 

diarrhea 
Erythrina stricta Roxb. Fabaceae Phaledo Tree Bark Infusion Dermal Bark is soaked in water and applied over the body to treat scabies  
Lens culinaris Medikus Fabaceae Masuro Herb Seed Decoction Oral Seeds are cooked with maize flour and given to animal twice a day to increase milk 

production 
Mimosa pudica L. Fabaceae Lajjawati jhar Herb Whole plant Raw Oral Fed whole plant to animal as feed to cure uterus prolapse 

Phanera vahlii (Wight & 
Arn.) Benth. 

Fabaceae Bharla Climber Bark Powder Oral Dried bark is ground to make powder and fed with honey to treat joint-related 
problem 
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Pisum sativum L. Fabaceae Simi Climber Leaf Paste Dermal Leaf is rubbed on the skin to cure skin scabies 
Trigonella foenum-

graecum L. 

Fabaceae Methi Herb Seed Infusion Oral Soaked seeds are mixed with cornflour meal, and given orally to cure chronic cough 

and fever 
     Decoction  Trigonella foenum-graecum L. and Zingiber officinale Roscoe are mixed and fed to 

cure joint swelling 
Mentha arvensis L. Lamiaceae Pudina Herb Leaf Paste Oral Mentha arvensis L. and Allium sativum L. are mixed in a ratio of 2: 1, and feed after 

crushing to cure diarrhea 
      Dermal The whole plant is rubbed into the body of the animal to cure ectoparasite 
Ocimum tenuiflorum L. Lamiaceae Tulsi Shrub Leaf Paste Dermal Leaf paste is applied externally to healing wounds 
Pogostemon benghalensis 

(Burm. F.) O. Ktze  

Lamiaceae Rudilo Herb Leaf, flower Powder Oral Leaf and flower are dried in sun. Powder is prepared by crushing them and fed to 

cure diarrhea 
     Paste Dermal Leaf and flower are crushed to make a paste, and applied to cure a wound 
Lindera neesiana (Wall. 
ex Nees) Kurz. 

Lauraceae Siltimur Tree Fruit Juice Oral The fruit juice is given to cure any weakness 

Asparagus racemosus 
Willd 

Liliaceae Kurilo Shrub Root Paste Oral Tuberous roots are crushed and mixed with cattle feed for any bone related problem 
and mastitis 

Linum usitatissimum L. Linaceae Aalus Shrub Seed Powder Oral Linum usitatissimum L. and Sesamum indicum L. are fried and crushed to make 
powder. It is then fed orally to cure mastitis. Similarly, Powder obtained from dried 

seed of Linum usitatissimum L., Sesamum indicum L. and Trachyspermum ammi 
(L.) Sprague are mixed and fed with cornflour twice a day to increase milk 
production 

Viscum album L. Loranthaceae Hardjor 
laharo 

Climber Stem Paste Dermal, 
Oral 

The stem is crushed and paste is applied to the swelling area. It can also be fed by 
mixing with ghee and honey 

Abelmoschus esculentus 
(L.) Moench 

Malvaceae Bhindi Shrub Root Paste Oral Root is crushed and fed to cure urinary related problems 

Bombax ceiba L. Malvaceae Simal Tree Flower Juice Oral Flower is crushed and fed to cure constipation 

    Bark Powder  Powder obtained from bark is mixed with powder of pepper and ginger, and then 
given orally to cure dysentery 

    Bark Juice  Raw bark is crushed to obtain juice and given to remove the placenta 
    Seed Paste Dermal The seed is ground with mustard oil, and then applied to treat the wounds  
Corchorus capsularis L. Malvaceae Jute Plant Shrub Stem Roast Oral Stem is burned, and obtained ash is mixed with mustard, then fed to treat diarrhea 
Osbeckia stellata Buch. 
Ham ex D. Don. 

Melastomataceae Aangaru Shrub Leaf,  
Fruit 

Decoction  Oral A decoction of the leaf and fruit twice a day is given to domestic animals for any 
kind of weakness 

Azadirachta indica A.Juss. Meliaceae Neem Tree Leaf, seed Paste Dermal Paste is made by crushing leaf and applied to cure ectoparasite, and fed to cure wound 
     Decoction Oral Azadirachta indica A.Juss. , Artemisia indica L and Melia azedarach L. are taken 

and cut into pieces, then cooked with cornflour to cure endoparasite 
Melia azedarach L. Meliaceae Bakaino Tree Leaf, seed Juice Dermal Seed and leaf are crushed to make juice. It is applied by mixing with turmeric and 

salt to cure ectoparasite 
     Decoction Oral Melia azedarach L., Azadirachta indica A.Juss., and Artemisia indica L. are taken 

and cut into pieces. It is cooked with cornflour then feed to treat endoparasite 
     Paste Dermal Seed and leaf are crushed to make a paste. It is applied to cure wound by mixing 

with camphor 
Tinospora cordifolia 

(Thunb.) Miers 

Menispermaceae Ganigurjo Climber Stem Decoction Oral Stem is made into small pieces, then boiled with water and fed to cure chronic 

cough and constipation 
     Powder  The powder is obtained from dried stem and given orally with water to treat diarrhea 
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Artocarpus heterophyllus 
Lam. 

Moraceae Rukh katar Tree Fruit Raw Oral, 
Dermal 

Ripen jackfruit is fed directly, and the fruit core is applied in teats to cure mastitis 

Ficus religiosa L. Moraceae Peepal Tree Bark Powder Dermal Dry bark is ground to obtain powder and applied to the burn area 
Ficus semicordata Buch.-
Ham. ex Sm. 

Moraceae Khanyu Tree Leaf Raw Oral Leaves as fodder are given to remove the placenta 

Morus australis Poir. Moraceae Ban kimbu Tree Root Paste Oral Fresh root is crushed to make a paste and fed to animal for treating endoparasite 
Musa x paradisiaca L. Musaceae Malvoc Kera Herb Fruit Raw Oral Ripen banana is given to treat mastitis 
Myristica fragrans Houtt. Myristicaceae Jaifal Tree Seed Powder Oral Powder is obtained from seeds of Myristica fragrans Houtt., Trachyspermum ammi 

(L.), and Sesamum indicum L., then fed to cure chronic cough, constipation. Solely 
it is given to increase milk production and urinary problems 

Fraxinus floribunda Wall. Oleaceae Lankuri Tree Bark Powder Oral Bark is ground to make powder to cure diarrhea  
     Paste Dermal A paste of bark is applied to treat broken legs and arms of animal 
Oxalis corniculata L. Oxalidaceae Chariamilo Herb Leaf Juice Ocular Juice obtained by pounding fresh leaves is dropped into the eyes for any eye 

problems 
Sesamum indicum L. Pedaliaceae Kalo Til Herb Seed Powder Oral Powder is obtained from seeds of Sesamum indicum L., Trachyspermum ammi (L.) 

Sprague and Myristica fragrans Houtt, and then fed to cure chronic cough and constipation 
       Sesamum indicum L., Trachyspermum ammi (L.) Sprague and Linum usitatissimum 

L. are fried and crushed to make powder and fed to cure mastitis and increase milk 

production 
Phyllanthus emblica L. Phyllanthaceae Amala Tree Fruit, leaf Paste Dermal Paste is made by crushing leaves and fruit. Then applied to the burn area 
Pinus roxburghii Sarg. Pinaceae Sallo Tree Latex Juice Dermal Latex obtained from stem is mixed with mustard oil and applied to wound skin  
Piper nigrum L. Piperaceae Marich Climber Seed Powder Ocular Powder is prepared and blown to the eye gently to cure eye-related problem 
Scoparia dulcis L. Plantaginaceae Chini jahr Herb Stem Paste Dermal The stem is crushed, and the paste is applied to the swelling area. Cloth is generally 

used to make it attach to the swelling area 
Cynodon dactylon (L.) Pers. Poaceae Dubo Herb Whole plant Raw Oral Whole plant is fed to livestock twice a day to enhance the lactation 
     Paste Dermal Paste is made by crushing the whole plant and applied in a wounded area 

Eleusine coracana Gaertn. Poaceae Kodho Herb Seed Decoction Oral Seeds are boiled in water and mixed with cornflour meal to cure chronic cough and 
any weakness  

Eulaliopsis binnata (Retz.) 
C.E. Hubb. 

Poaceae Babio khar Herb Whole plant Raw Oral Grass is given raw to cure weakness 

Hordeum vulgare L. Poaceae Jau Herb Leaf Juice Ocular Newly born leaf is crushed to obtain juice and used to cure eye-related problems 
    Seed Decoction Oral Seed is boiled in water. The obtained Oily material is fed orally to treat mastitis 
Imperata cylindrical (L.) 
P.Beauv. 

Poaceae Siru Herb Root Paste Oral Root is crushed to make a paste and used to cure endoparasite 

Saccharum officinarum L. Poaceae Ukhu Herb Stem Juice Oral Stem is crushed to obtain juice, boiled, and fed by mixing with cornflour to increase 

milk production 
    Leaf Raw Oral Leaf is given as feed to remove placenta 
Thysanolaena maxima 
(Roxb.) Kuntz 

Poaceae Amriso Herb Leaf Raw Oral Leaves as a feed are given to remove placenta 

Zea mays L. Poaceae Makai Herb Fruit Paste Oral Head smut infected corn is crushed by mixing with lemon juice and fed to treat diarrhea 
    Seed Decoction  Maize flour is made from corn seed and boiled with salt and water to increase milk 

production 
Prunus persica (L.) 

Batsch. 

Rosaceae Aaru Tree Leaf Juice, Paste Dermal Newly born leaf buds are taken and crushed to make juice. Then it is mixed with 

camphor and applied when endoparasites are seen. It is also applied to treat wound  
Rubus ellipticus Sm. Rosaceae Aiselu Shrub Leaf Paste Dermal Leaves are crushed to make a paste and applied in the wound area 
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Aegle marmelos (L.) Corrêa Rutaceae Bel Tree Fruit Paste Oral The fruit is crushed and made paste to treat fever 
Boenninghausenia albiflora 

(Hook.) Rchb. ex Meissn 

Rutaceae Upiya jhar Herb Leaf Juice Dermal Leaves juice is applied over the body to remove flea, bug, lice, and external 

parasites  
     Paste  Fresh twigs leaves are ground with camphor and applied to the wound 
Citrus limon (L.) Osbeck Rutaceae Kagati Shrub Fruit Juice Oral Lemon juice is mixed with egg. If head smut infected corn is available then its 

powder is mixed and given to animal to cure fever 
     Raw Dermal Juice is rubbed to swelling area 
Citrus maxima Merr. Rutaceae Bhogate Shrub Leaf Paste Oral Leaves are crushed and mixed with cornflour to cure endoparasite 
     Juice Ocular Juice obtained is mixed with salt and applied to eye problem 
Citrus medica L. Rutaceae Bimiro Tree Root Juice Oral Juice obtained by pounding root and given orally to treat endoparasite 

Osyris wightiana Wall. ex 
Wight 

Santalaceae Nun dhiki Shrub Bark Powder Oral Dried bark is crushed to make powder and fed to cure joint swelling 

Sapindus mukorossi Gaertn. Sapindaceae Ritho Tree Fruit Paste Oral Fruit with its covering are cooked with cornflour and water to cure urinary problem 
Diploknema butyracea 
(Roxb.) H.J.Lam 

Sapotaceae Chyuri Tree Root Paste Oral Root is crushed to make a paste and fed to cure fever 

    Fruit  Dermal Fruit is crushed and paste obtained is applied to cure mastitis 
    Bark   Bark is ground with water and applied by mixing with camphor to cure the wound 
Capsicum annuum L. Solanaceae Khursani Shrub Fruit Raw Oral Fruit is directly given to the animal to treat urinary related problem 

Datura metal L. Solanaceae Dhatur Herb Fruit Roast Oral Fruits are roasted on open fire, and fed to treat diarrhea, dysentery and fever 
Solanum lycopersicum L. Solanaceae Tamatar Herb Fruit Juice Dermal Fruit is crushed, and then the juice is applied to the burn area 
     Raw Oral Fruit is directly fed to livestock to cure endoparasite 
      Dermal Fruit juice is applied to cure mastitis 
Solanum melongena L. Solanaceae Bhenta Herb Fruit Roast Oral The fruit is roasted and fed to animal to cure diarrhea 
    Leaf Paste  The newly born leaf is crushed and fed to remove the placenta 
Solanum tuberossum L. Solanaceae Aalu Herb Tuber Raw Dermal Tuber is cut and rubbed externally on burns twice a day 
Schima wallichii (DC.) 

Korth. 

Theaceae Chilaune Tree Bark Powder Oral Bark of Schima wallichii (DC.) Korth. and Oroxylum indicum (L.) Kurz are dried, 

then ground to obtain powder, and given orally to cure diarrhea. Schima wallichii 
(DC.) Korth. alone is given to cure endoparasite 

Urtica dioica L. Urticaceae Sisno Herb Leaf Decoction Oral Leaf is boiled, and water is fed to an animal to cure mastitis and urinary problem 
Vitex negundo L. Verbenaceae Simali Tree Leaf Decoction Dermal Boiled extract of the leaf is applied on scabies and other skin infections in animals 
Ampelocissus divaricata 
(Wall. ex M.A.Lawson) 
Planch. 

Vitaceae Purreni  Climber Stem Raw Ocular One end of fresh-cut stem is brought near to eye and watery like substance oozing 
out from stem is let go into eye by blowing air 
 

Cissus repens Lam. Vitaceae Charchare 
laharo 

Climber Root Juice Ocular Stem is gently crushed to obtain juice and applied to any eye problem 

Curcuma longa L. Zingiberaceae Besar Herb Rhizome Powder, 
Paste 

Dermal A dried rhizome is crushed and mixed with mustard oil. Then, applied in burn area, 
wound and to treat ectoparasite.  

     Powder Ocular Little powder is blown to the eye to treat eye-related problem 
Elettaria cardamomum 
(L.) Maton 

Zingiberaceae Alaichi Herb Seed Powder Oral Powder is made by crushing dry seeds and fed to animal to cure fever 

Zingiber officinale Roscoe Zingiberaceae Aduwa Herb Rhizome Paste Oral,  Raw rhizome is crushed and given to cure diarrhea, mastitis. It is crushed with 
Trigonella foenum-graecum L. to treat joint swelling 

      Dermal Raw rhizome is ground with camphor to treat wounds 
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Plant diversity and uses 

The present study revealed the ethnoveterinary use of 

103 plant species belonging 56 families to cure 21 animal 

ailments. Mostly, plants were collected by local people 

from forests, marginal land, grassland, and cultivated 

fields. Out of 56 families, Fabaceae was found to be 

dominant with 10 plant species similar to the findings of 

Acharya et al. (2015). This might be due to its higher 

abundance in the study area and high bioactivity. Fabaceae 

was followed by Poaceae (8 species), Rutaceae and 

Solanaceae (5 species each), Cucurbitaceae and Moraceae 
(4 species each), Anacardiaceae, Apocynaceae, Lamiaceae, 

Malvaceae, and Zingiberaceae (3 species each). The 

remaining 45 families had less than 3 species each. In 

contrast to our study, Raut and Shrestha (2012) found 

Liliaceae as a dominating family. This difference in 

observation might be due to different vegetation of the 

study area or might be due to differences in traditional 

beliefs. The list of the ethnoveterinary medicinal plants 

identified in the study area is shown in Table 2. whereas 

Families with their number of plant species are shown in 

Table 3. 
 

Plant parts used and their life forms 

It was found that the informants used varieties of plant 
parts for treating different ailments of animals. However, 

the most commonly used plant part was leaf (of 32 plant 

species), followed by seed (of 21 plant species), fruit (of 20 

plant species), and bark (of 13 plant species). A study by 

Malla and Chhetri (2012); Acharya et al. (2015) also found 

leaf as the most used plant part similar to this present study. 

A preferred use of leaf might be ease of collection as 

compared to other plant parts. The leaf is also the center for 

many physiological processes and contains different 

metabolites  (Tariq et al. 2014). The collection of leaves 

over other parts have no threat to the survival of the plant  
(Poffenberger et al. 2010). In contrast to this study, 

Acharya and Acharya (2010) found maximum use of whole 

plant whereas maximum use of fruit and seed was found by 

Raut and Shrestha (2012). The plant parts and the number 

of plant used reports are provided in Figure 3. In addition 

to this, the data on the life form of plants indicate that most 

plant species were herbs (44 species), trees (32 species), 

shrubs (14 species), and climbers (13 species) (Figure 4). 

Herbs are available everywhere and easy to collect as 

compared to other life forms. Herbs were also found to be 

the prevailing life form in the study by Acharya et al. 

(2015). It might be due to ease of collection, storage, 
extraction, and transportation than other life forms. But, in 

contrast to this study Acharya and Acharya (2010) found 

climbers as mostly used life form. 

 

Preparation technique and routes of administration 

The application of the medicinal plants as the form of 

paste formulation was observed for 41 plant species while 

25 plant species were used as powder formulation followed 

by Juice (21 species), raw (20 species), decoction (19 

species), infusion (5 species), and roasted formulation (3 

species). In contrast to this study, juice was the widely used 
preparation technique in previous studies in other parts of 

Nepal (Acharya and Acharya 2010; Raut and Shrestha 

2012).  

 

  
Table 3. Taxonomic diversity of medicinal plants  
 

Family name Number of plant species 

Acanthaceae 1 
Amaranthaceae 2 
Amaryllidaceae 1 
Anacardiaceae 3 
Apiaceae 2 
Apocynaceae 3 
Araceae 2 

Asparagaceae 1 
Asphodelaceae 1 
Begoniaceae 1 
Bignoniaceae 1 
Boraginaceae 1 
Brassicaceae 1 
Cannabaceae 1 
Capparaceae 1 
Caricaceae 1 

Combretaceae 1 
Commelinaceae 1 
Compositae 2 
Convolvulaceae 1 
Cucurbitaceae 4 
Cyperaceae 1 
Dioscoreaceae 1 
Equisetaceae 1 

Fabaceae 10 
Lamiaceae 3 
Lauraceae 1 
Liliaceae  1 
Linaceae 1 
Loranthaceae 1 
Malvaceae 3 
Melastomataceae 1 

Meliaceae 2 
Menispermaceae 1 
Moraceae 4 
Musaceae 1 
Myristicaceae 1 
Oleaceae 1 
Oxalidaceae 1 
Pedaliaceae  1 

Phyllanthaceae 1 
Pinaceae 1 
Piperaceae 1 
Plantaginaceae 1 
Poaceae 8 
Rosaceae 2 
Rutaceae 5 
Santalaceae 1 

Sapindaceae 1 
Sapotaceae 1 
Solanaceae 5 
Theaceae 1 
Urticaceae 1 
Verbenaceae 1 
Vitaceae 2 
Zingiberaceae 3 
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Similarly, different types of vehicles were found to be 

used for the administration of plant recipes like water, 

mustard oil, cornflour, curd, and water. Out of them 

cornflour and water were the most commonly used. The 

common route of administration was oral, followed by 

dermal, and ocular. Maximum use of oral route of 

medication was similar to the findings of Raut and Shrestha 

(2012). Nasal way of administration was not found in this 

study. Different preparation techniques and routes of 

administration with number of plants are shown in Table 4 
and Table 5 respectively. Similar to our study, a single 

plant, as well as a combination of two or more plant 

species, was used to cure ailments (Acharya et al. 2015). 

Informant consensus factor (ICF) 

Informant consensus factors of different ailment 

categories are shown in Table 6. It was found that the ICF 

values vary from 0.858 to 0.96 with an average value of 

0.926. High informant consensus factor was found for 

reproductive (0.96), followed by respiratory (0.957), 

gastrointestinal (0.949) while the least was for urinary 

problems (0.858). The high ICF value for the reproductive 
category indicated that reproductive ailments are common 

in the area. Furthermore, three plant species were used for 

four ailments categories, eight plant species for three 

ailments categories, twenty-nine plant species for two 

ailments categories, and sixty-three plant species were used 

for single ailment category (Figure 5). 
 

Citation frequency (Cf% ) 

The total number of times that all species mentioned 

was 2450 times (N). The highest citation frequency was 

found for Trachyspermum ammi (L.) Sprague 247 

(10.08%) followed by Myristica fragrans Houtt. 111 

(4.53%), Sesamum indicum L. 109 (4.44%), Saccharum 

officinarum L. 107 (4.36%), and Zea mays L. 97 (3.95%). 
The top 20 plant species with the highest citation frequency 

are provided in Table 7. n refers to the number of times a 

particular species was mentioned.  

 
Table 4. Preparation technique with a number of ethnoveterinary 
medicinal plants identified in the study area 

 

Preparation technique Number of plants 

Paste 41 
Powder 25 
Juice 21 
Raw 20 
Decoction 19 
Infusion 5 

Roast 3 

 
 
Table 5. Routes of administration of the ethnoveterinary 
medicinal plants identified in the study area 
 

Route Number of plants 

Oral 76 
Dermal 41 
Ocular 9 

 
Table 6. Informant consensus factor by categories of ailments in 
the study area 

 

Ailment category Nur Nt ICF 

Reproductive 651 27 0.96 
Respiratory 143 7 0.957 
Gastrointestinal 454 24 0.949 
Antipyretic 148 9 0.946 
Parasitic 385 22 0.945 

General weakness 43 4 0.928 
Eye 98 9 0.917 
Dermatological 329 29 0.914 
Osteological 113 13 0.892 
Urinary problem 86 13 0.858 

 
 
 

Table 7. Top 20 medicinal plant species with highest citation 
frequency 
 

Botanical name Local name n Cf% 

Trachyspermum ammi (L.) Sprague Juwano 247 10.08 
Myristica fragrans Houtt. Jaifal 111 4.53 
Sesamum indicum L. Kalo til 109 4.44 

Saccharum officinarum L. Ukhu 107 4.36 
Zea mays L. Makai 97 3.95 
Artemisia indica L. Titepati 95 3.87 
Cannabis sativa L. Ganja 89 3.63 
Azadirachta indica A.Juss. Neem 81 3.30 
Solanum melongena L. Bhenta 80 3.26 
Artocarpus heterophyllus Lam. Rukh katar 77 3.14 
Marsdenia tenacissima (Roxb.) Moon Bilajor 68 2.77 

Carica papaya L. Mewa 64 2.61 
Melia azedarach L. Bakaino 62 2.53 
Aloe vera (L.) Burm.f. Ghyukumari 60 2.44 
Curcuma longa L. Besar 55 2.24 
Piper nigrum L. Marich 47 1.91 
Musa x paradisiaca L. Malboe kera 41 1.67 
Brassica nigra L. Tori 41 1.67 
Trigonella foenum-graecum L. Methi 39 1.59 

Pisum sativum L. Simi 36 1.46 

 

 

 

 
 

Figure 3. Different plant parts used 
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Figure 4. Life form of medicinal plants 
 
 
 

 
 

Figure 5. Number of plant species used for number of ailment 
categories 
 

 
 

In conclusion, traditional medicine is widely practiced 

by the people of Chhatradev Rural Municipality, 

Arghakhanchi district as it has become a part of social life 
and culture, and modern medicine implies a higher cost. 

People are dependable on the locally available indigenous 

plant species for the treatment of animals. As the people of 

younger generations are not acquainted with the knowledge 

on the use of medicinal plants, the actions should be taken 

for the documentation of uses of plants, to save the 

knowledge of ethnoveterinary medicinal plants from 

generation to generation, and increase the interest of young 

generation for the study of ethnoveterinary medicinal 

plants. It is of utmost necessity to involve the community 

in preserving and rational use of medicinal plants at the 
local level. Conservation programs should be done from 

the government level, and study on the use of medicinal 

plants as well as animals for treating animal diseases is 

recommended to a bigger extent. 
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Abstract. Alenezi AK, Hassan KAG, Amr TEE, Alsolais A. 2021. Impact of cognitive-behavioral therapy on daily living skills of high 
functioning autistic children with anxiety disorders. Nusantara Bioscience 13: 41-46. Cognitively Behavioral Therapy (CBT) is a 
psychotherapeutic intervention that is used to improve mental health. It is known to have positive effect on the daily living skills of 

autistic children with anxiety disorders. The aim of the current study was to evaluate the effect of cognitive-behavioral therapy on daily 
living skills of high functioning autistic children with anxiety disorders. A Quasi-experimental research design was adopted in this 
research. A purposive sample of 100 autistic children (50 in intervention group and 50 in control group) aged between 7-8 years were 
included in this study. Three main tools were used: Vineland Adaptive Behavior Scale used to measure the everyday living skil ls of 
children, Parent-Child Interaction Questionnaire (PACHIQ), and Diagnostic and Statistical Manual of Mental Disorders (DSM-V) for 
assessing anxiety disorder in children and adolescents 6-18 years. The results showed an improvement in children’s daily life skills and 
slight reductions in caregiver’s participation in the daily life skills of children. There was a significant difference between intervention 
group and control groups (p < 0.001). The current results exhibit that CBT may help in increasing autistic children's independence 
towards daily living skills.  

Keywords: Anxiety disorders, autistic disorders, cognitive behavioral therapy, daily living skills  

INTRODUCTION 

Autism Disorders (AD) is a persistent deficit social 
conversation, and social interaction as manifested by lack 

of mutual conversation and emotional reciprocity, lack of 

non verbal communication, and lack of developing, 

sustaining, and emphatic relationship (DSM-5 2013). The 

cause of autism is unknown. However, a lot of 

predisposing agents, ecological and biological factors and 

physical defects, have been associated with autism. 

About eighty percent of children with autism have 

anxiety disorders (Duvekot et al. 2017). Some researchers 

reported that anxiety disorders interfere with daily living 

practice; so autistic children are more liable to have poorly 
developed on daily self-care which makes them more 

needed for suitable intervention (Bishop et al. 2013). A 

recent study suggested that children who are fully 

dependent on their parents in basic daily self-care are at 

high risk to remain anxious during their childhood life 

(Huffman et al. 2011). Many strategies have been used to 

improve clinical features of autism such as promoting 

socialization and communication with others. Till now, 

there is no effective intervention for improving basic daily 

life activity for a child with high function autism, who has 

seventy or more degrees of an intelligence quotient (Gillis 

et al. 2016). Basic daily life activities are essential tasks 
for human survival, which cover daily care, composed of 

individual skills, all activities in house or school and 

community (Huffman et al. 2011). In usual autistic 

children do not carry out daily self-activity even if they are 
able to do it.  

Most mothers mention several difficulties in training 

daily life activities for their children suffering from autism 

(Gillis et al. 2016; Lord et al. 2005). Family-based 

cognitive-behavioral therapy is an effective intervention 

for managing anxiety disturbances in well-child and child 

with autism (Scherer and Dawson 2011). CBT is an 

intervention model in which new skills are established by 

enhancing the child and his family through logic and 

convincing manner and Socratic questioning (Stone et al. 

2010). Hence, the current study examines the impact of the 
primary parent-based CBT intervention on parental 

perceptions of daily life skills of the child with autism and 

synchronous anxiety disturbances.  

MATERIALS AND METHODS 

Study design 

A non-randomized Quasi-experimental pretest-posttest 

design was used in this study. The impact of primary 

parent-based CBT on parental perceptions of daily life 

skills of the child with autism and synchronous anxiety 

disturbances was determined. 

mailto:atta@su.edu.sa
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 Setting and sample 

This study was carried out in Al Amal Complex for 

Mental Health in Dammam City, Saudi Arabia. The 

intervention took place between 20 October 2018 to 16 

April 2019. A sample of 100 children, aged between 7 to 

13 years were included in this study.  

Ethical consideration 

A written informed consent was obtained from manager 

of the facility and parents of children (mostly their 

mothers), who was primarily accountable for supervision of 
the children's everyday skills and were willing to 

participate in this study. Before conducting the study, 

confidentiality and anonymity of the children were assured 

during collection of the data. Parents of children were 

assured that the data will not be reused in another research 

without their consent. The aim of this study was explained 

to members of the facility, who were directly associated 

with children. 

Subjects and selection method 

The sample used in this study were children suffering 

from autism, who were visiting for follow-up at Al Amal 
Complex for Mental Health in Dammam city, Saudi 

Arabia.    

Inclusion criteria 

Autistic children, Asperger disorders or Pervasive 

Developmental Disorder - Not Otherwise Specified. 

Autistic children suffering from separation anxiety or 

social phobia, or obsessive-compulsive disorder.                               

Exclusion criteria 

Autistic children their verbal Intelligence Quotient less 

than 70. Autistic children who participated in other 

behavioral therapy. Autistic children who received 
psychiatric drugs or changed dosage during the study. 

Autistic children or parents disable to share in the current 

study 

Research hypothesis 

Children with autism acquire an improvement in basic 

daily life skills and reductions of parent's participation in 

daily life skills after CBT intervention. 

Method  

Ethical approval was obtained from College of Applied 

Medical Science at Shaqra and official permission for 

conducting the study was secured at Al Amal Complex for 

Mental Health in Dammam city, Saudi Arabia. Upon 
approval, the daily living skills of children were measured 

using the Vineland Adaptive Behavior Scale, and the 

relationship of the child and parent was evaluated with the 

use of the Parent-Child Interaction Questionnaire 

(PACHIQ). The researchers developed a suitable 

intervention program from literature for children with 

autism and their parents to improved their basic daily skills. 

This basic daily life skills program was developed to 

promote child's skills independently (cognition 

reorganization) that included a) Focusing on child's 

establishing trust and self-fulfillment (b) Focusing on 

social customs that enable the child to act alone. c) Giving 

rewards with each attempt even if the child do simple steps. 

A hierarchy plan for developing child’s daily life skills 

(gradation of contact) was used. Families were instructed to 

assist and encourage any attempts from their children 

towards independence and give their feedback about this 

new strategy. A pilot study was carried out on 5 children 

with autism to examine validity of the questionnaires and 

to test research feasibility, clarity, and objectivity of the 
tools. The sample included in the pilot study was excluded 

from the study sample, and necessary modifications were 

done accordingly.      

The sample of 100 autistic children was divided equally 

into two main groups; intervention and control of 50 

children each. The autistic children in the intervention 

group were divided into five subgroups, with 10 children 

for each practitioner. There were no dropouts in the study. 

These practitioners were in the clinically psychiatric 

training area at College of Applied Medical Science at 

Shaqra University and they had experience of dealing with 
autistic children. Practitioners attended 10 hours of primary 

activity of the intervention, studied management guide, 

watched videos of CBT, performed management with pilot 

study children, and attended 10 workshops with clinical 

researchers who established the program. Practitioners 

implemented 8 sessions in 8 weeks, session per week for 

each subgroup in the study group. Each session continued 

70 minutes (about 25 minutes with the children and 45 

minutes with the mothers /parents) and the treatment 

fidelity was assessed by researchers.                         

Instruments  
The study instruments had three tools. The first tool 

was a structured questionnaire sheet. It included items 

related to socio-demographic characteristics of children and 

their families, such as age, child order, occupation, and 

level of education of their parents. The second tool is The 

Vineland Adaptive Behaviour Scales, (Vineland-2) 

(Community-University Partnership for the Study of 

Children, Youth, and Families 2012) that measures the 

personality and social skills of individuals from birth 

through adulthood. Because adaptive behavior refers to an 

individual's typical performance of daily tasks essential for 

personality and social adequacy, this scale assesses what 
the individuals indeed do, not what they are capable to do. 

The Vineland-2 assesses adaptive behavior in 4 areas: 

Communication, Daily life Skills, Socialite, and Motor 

Skills. Additionally, it provides an accumulation mark that 

epitomizes the person's achievement over 4 areas of 

investigation (Community-University Partnership for the 

Study of Children, Youth, and Families 2012).   

The third tool is the Parent-Child Interaction 

Questionnaire (PACHIQ). It assesses how fathers and 

mothers see the relation with their children (PACHIQ-

Parents form), and how the child assesses his/her relation 
with his/her mother/father (PACHIQ-Children form). It 

contains 21 elements in the parents form and 25 elements 

in the children form, about communications strategies and 

emotional effects (Lange et al., 2002). The researcher 
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evaluated children with autism for anxiety disturbance and 

daily life activities before and immediately after the 

intervention and at the end of three months from 

intervention. Diagnostic and Statistical Manual mental 

disorders (DSM-V) was used to assess anxiety disorder in 

children and adolescents 6-18 years. This scale composed 

of 38 sections contains panic somatic, separation anxiety, 

general anxiety, social phobia, and school phobia 

(Community-University Partnership for the Study of 

Children, Youth, and Families 2012). The data was 
analyzed using Chi2 test using GraphPad Instat software. 

RESULT AND DISCUSSION 

Table 1 shows that most (95%) of the autistic children 

were between 7 and 13 years of age. The mean age was 7.1 

± 1.316 days. As regards to educational level, most of them 

(59%) were at the primary phase. All the autistic children 

(100%) had siblings and 3 % of them had affected siblings 

with autism. Table 2 shows that majority (97%) of fathers 

of autistic children had secondary education and majority 

of them were employed. In addition, most (90%) of 

mothers of autistic children had a high level of education 
and 7% of them were house-makers. About 86% of 

families were in the middle level of income.         

Table 2 shows that majority of families of autistic 

children faced behavioral, emotional, and physical 

problems. Also, most (93%) of them had financial 

problems. The behavioral and emotional problems were 

expected. However, such high percentage of physical 

problems (98%) seemed to be high. Saudi Arabia is one the 

richest countries in the world due to natural resources and 

many of the Saudis live a comfortable life. Surprisingly, 

about 93% of the respondents told they have financial 

issues.   

Table 3 shows that there was a statistically significant 

difference between intervention and control group at pre-

intervention, post-intervention, and at the end of three 

months from intervention. The intervention produced a 
significant improvement in daily life activities and this was 

increased further in the 3-months follow-up (P<0.001). 

Table 4 shows that there was a statistically significant 

difference between intervention and control group 

immediately and at the end of three months from 

intervention (P<0.001). 

Table 1 showed that most (95%) of the autistic children 

were between 7 and 13 years of age. The mean age was 7.1 

± 1.316 days. As regards to educational level, most of them 

(59%) were at primary phase. All autistic children (100%) 

had siblings and 3 % of them had affected siblings with 
autism. Majority (97%) of fathers of autistic children had 

secondary education and the majority of them worked. In 

addition, most (90%) of mothers of autistic children had 

high level of education and 7% of them were housewives. 

Also, the comments (86%) of families were in the middle 

level of income. There was no significant difference in the 

socio-demographic characters between intervention and 

control group. 

 
 
Table 1. Socio-demographic characteristics of autistic children and parents 
 

Items 
Intervention group (n=50) Control group (n=50) Total (n=100) 

No % No % No % 
Age 7- less than 13 years 2 4 3 6 5 5 

13-18 years       
Mean +/- SD = 7.1 ± 1.316       
Family members 3-5 members 47 94 49 98 96 96 

More than 5 3 6 1 2 4 4 
Mean +/- SD = 3.94 +/- 0.848       
Sex Boy 34 68 35 70 69 69 

Girl 16 32 15 30 13 13 
Educational level Primary 31 62 28 56 59 59 

Preparatory 19 38 22 44 41 41 
Having sibling Yes 50 100 50 100 50 100 

No 0 0 0 0 0 0 
Child order 1st - 3rd 25 50 43 86 68 68 

4th -9th 25 50 7 14 32 32 
Affected sibling Yes 1 2 2 4 3 3 

No 49 98 48 96 97 97 
Father education  Secondary 49 98 48 96 97 97 

High 1 2 2 4 3 3 
Father occupation Do not work 2 10 0 100 98 98 

Work 48 90 50 2 1 1 
Mother education Illiterate 0 0 1 2 1 1 

Primary 3 15 0 0 3 3 
Secondary 5 25 1 2 6 6 
High 42 60 48 96 90 90 

Mother occupation Housewife 3 15 4 20 7 7 
Work 47 85 46 80 93 93 

Family income Low 4 20 3 15 7 7 
Middle 42 60 44 70 86 86 
High  4 20 3 15 7 7 
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Table 2. Shows that the majority of families of autistic children 
faced behavioral, emotional and physical problems. Also, most ( 

93%) of them had financial problems 
 

Items Intervention 

group (n=50) 
Control 

group (n=50) 
Total 

(n=100) 

No % No % No % 

Behavioral 

problem 

Yes 49 98 48 96 47 97 

No 1 2 2 4 3 3 
Emotional 
problem 

Yes 49 98 49 96 48 98 
No 1 2 1 4 2 2 

Physical 
problems 

Yes 49 49 49 98 48 98 
No 1 1 1 2 2 2 

Financial 
Problems 

Yes 46 46 47 85 93 93 
No 4 4 3 15 7 7 

Discussion 

This study found that CBT produced improvements in 

daily living skills of autistic children skills that received 

cognitive therapy and completed three months program. 

The CBT performances provide adaptation skills to autistic 

study group children and reassure the primary parent for 

helping their children to be more independent. However, it 

should be noted that factors such as incorrect reports from 

primary parents may influence the authenticity of the 
results.  

 

 

 

 

 

 
Table 3. Impact of CBT on basic daily life activities of autistic children (Intervention and control groups) 
 

3months follow up ( n=99) IIb ( n-100) PIa ( n-100) 

Basic activities of daily living CG 

N=49(%) 

IG 

N=50(%) 

CG 

N=50(%) 

IG 

N=50(%) 

CGd 

N=50(%) 

IG 

N=50(%) 

      Bathing and showering: 
Need no support 
Slight support 
Complete support 

0 0 0 0 0 0 
4(8.2) 38(76) 5(10) 42(84) 5(10) 8(16) 

45(91.8) 12(24) 45(90) 8(16) 45(90) 42(84) 
(7.451)* P<0.001 (6.568)* P<0.001 (0.467) P>0.001  

   Dressing: 
0 0 0 0 0 0 Need no support 

Slight support 
Complete support 

33(67.3) 40(80) 35(70) 45(90) 35(70) 38(76) 
16 (32.7) 10(20) 15(30) 5(10) 15(30) 12(24) 

(7.695)* P<0.001 (3.851)* P<0.001 (0.346) P>0.001  

   Self- feeding: 
0 0 0 0 0 0 Need no support 

Slight support 

Complete support 

10(20.4) 30(60) 10(20) 42(84) 10(20) 15(30) 

39(79.6) 20(40) 40(80) 8(16) 40(80) 35(70) 
(6.603)* P<0.001 (5.724)* P<0.001 (0.717) P>0.001  

   Toilet hygiene: 
0 0 0 0 0 0 Need no support 

Slight support 
Complete support 

35(71.4) 40(80) 35(70) 43(86) 35 (70) 40(80) 
14(28.6) 10(20) 15(30) 7(14) 15(30) 10(20) 

(6.474)* P<0.001 (5.480)* P<0.001 (0.717) P>0.001  
   Oral care: 

0 0 0 0 0 0 Need no support 
Slight support 
Complete support 

36(73.5) 30(60) 37(74) 40(80) 37(74) 38(76) 
13(26.5) 20(40) 13(26) 10(20) 13(26) 12(24) 

(5.173)* P<0.001 (4.873)* P<0.001 (1.050) P>0.001  
   Total daily living skills 

0 0 0 0 0 0 Need no support 
Slight support 
Complete support 

37(75.5) 40(80) 37(74) 45(90) 37(74) 35 (70) 
12(24.5) 10(20) 13(26) 5(10) 13(26) 15(30) 

(9.846)* P<0.001 (5.853)* P<0.001 (0.406) P>0.001  

Note: aPI: Before Intervention, bII: Post-intervention. cIG: Intervention Group, dCG: Control Group, *Statistically Significant Difference  
 
 
 
Table 4. Relation between daily living skills and anxiety disorders among autistic children. (Intervention and control groups) 
 

 BIa ( n-100) IIb ( n-100) At the end of 3months ( n=99) 

CGc 

n=50(%) 

IGd 

n=50(%) 

CG 

n=50(%) 

IG 

n=50(%) 

CG 

n=49(%) 

IG 

n=50(%) 

Total daily living skills (0.41) P>0.001 (5.86)* P<0.001 (9.85)* P<0.001 
Parent–Child Interaction (5.601)* P<0.001 (3.449)* P<0.001 (0.406) P>0.001 
Anxiety Disorders  (5.457)* P<0.001 (8.177)* P<0.001 (0.677) P>0.001 

Note: aPI: Before Intervention, bII: Post-intervention. cSG: Intervention Group, dCG: Control Group, *Statistically Significant Difference 

https://en.wikipedia.org/wiki/Bathing
https://en.wikipedia.org/wiki/Shower
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The primary parents of children in the study group 

recognized an increase in basic daily living skills that are 

applied on a regular basis by children, such as oral care, 

toilet hygiene, dressing, self-feeding, and easy health care, 

compared with autistic children in control group. Earlier 

reports suggest that without general external support and 

guidance, autistic children and their primary parents may 

find obstacles in developing daily living skills that match 

children’s chronological age (Drahota et al. 2010; Duvekot 

et al. 2017; Estes et al. 2015).  

Additionally, primary parent encouragements, beliefs 
about intervention and expectations, and intervention 

obedience can play an important role in the modification of 

basic daily living skills marks at post-test. CBT needs 

primary parents to perform a dynamic role in implementing 

the program. Primary parents should perform correct, 

regular intervention in self-sufficiently, manner. Reportss 

of parental belief suggests that managing reliability is 

significantly accompanied with parent motivation to 

practice intervention procedures, and parent expectancy of 

intervention results anticipate parental intervention 

adherences (Estes et al. 2015; Oswald et al. 2016; National 
Autistic Society, 2016). 

As a final point, primary parents of autistic children in 

the study group stated that their participation in their 

child’s basic daily self-care skills significantly reduced in 

comparison with primary parents of autistic children in the 

control group. A moderate influence was established in pre-

test and post-test scores related to the participation of 

primary parents of autistic children in the study group, 

whereas an insignificant influence was found for primary 

parents of children in the control group. These are 

significant outcomes to the CBT Program because primary 

parent conducts, such as participation in their children’s 
basic daily living skills, have been concerned as an element 

in the preservation of anxiety and lessened daily living 

skills (Lord et al. 2005; Drahota et al. 2010). Relating to 

Wood’s model of parental invasiveness, if care-providers 

take over tasks that children could be accomplished 

independently, they limit children’s mastery and aid 

dependence and sustained anxiety. Otherwise, children with 

daily living skill insufficiencies may grow anxious due to 

their extreme dependence on care-provider. Consequently, 

reductions in parent invasiveness in their children’s basic 

living skills develop independence and may help in skill 
achievement and mastery, as well as possibly lowering 

anxiety level (Duvekot et al. 2017; Estes et al. 2015). In the 

circumstance, there is a relationship between modifications 

in anxiety level and daily living changes score, 

representing various relationships between these concepts. 

So, elevating daily living skills may be associated with 

falling in anxiety levels. Fascinatingly, when testing the 

power of the correlation, correlation is not strong in the 

study group as opposed to the control group, which would 

be predictable in a right intervention association. It is 

evident that primary parental perception of study outcomes 

of CBT program was seen throughout the study period.  
Finally, the study has slight limitations; parent’s 

observations were used to judge the activities of their 

children as well as their personal participation in the 

children's self-care skills. As the parents are responsible for 

the intervention program of CBT, parents' reports might 

have been subjective by their wishes to achieve the aims of 

this study. Future studies such as a randomized controlled 

trial are recommended to support our results.  

Parents' CBT program provides statistical and clinically 

significant in basic daily life activities between autistic 

children. Parents observed that their autistic children who 

included in the program were capable to carry out basic 

daily life activities alone when the program finishes. 
Parents who included in the program stated that they 

decreased their participation in their children’s personal 

care, which may provide them with extra time for doing 

other tasks. 
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Abstract. Virgianti DP. 2021. Short Communication: Serratia rubidaea as contaminant in laboratory environment. Nusantara 

Bioscience 13: 47-51. There have been many cases of bacterial contamination in the laboratory. The bacterial genera identified as 

contaminants are Bacillus, Staphylococcus, Micrococcus, Pseudomonas, Shigella and Serratia. These bacteria are classified as non-

pathogenic and pathogenic bacteria that can interfere with the test and potentially develop false-positive results. The present research has 

shown that red-colored contaminant bacteria develop in unused sterile media in our laboratory. Based on related information, Serratia 

marcescens is a red bacterial species that have been reported as a contaminant in the laboratory. The purpose of this study was to identifiy 

contaminant bacteria at the molecular level. Based on the phylogenetic characterization using the 16S rDNA gene region, this red 

contaminant bacterium was identified as Serratia rubidaea.  

Keywords: Contamination, environment, gene barcoding, red bacteria, Serratia 

INTRODUCTION 

Contamination is  an important concern in biological 

laboratories. They can be categorized into three major 

groups physical, chemical, and biological. Bacteria, mold, 

yeast, viruses, and mycoplasma are the most common 

biological contaminants (Abatenh et al. 2018). Bacterial 

contamination can occur in numerous laboratories, 

including animal and plant laboratories (Li et al. 2018), 

health faculty microbiology laboratories (Lutpiatina 2015), 

university microbiology laboratories (Ghayoor et al. 2015), 

as well as in hospital microbiology laboratories (Ng et al. 

2011; Konar and Das 2013). Sources of contamination can 

come from a variety of sources, including air and surfaces 

(Konar and Das 2013). Sources of contaminated items 

include tables, floors, clothing, laboratory surfaces such as 

incubators, microscopes, computers, phones, and water taps 

(Ng et al. 2011; Ghayoor et al. 2015). In addition, 

contamination can derive from the body parts of laboratory 

staff, such as the hands (Konar and Das 2013; Ng et al 

2011).  

 According to Li et al. (2018), the number of microbial 

contaminants in animal laboratories and bacterial 

laboratories is found to be higher than in plant laboratories. 

These contaminant bacteria are pathogenic and non-

pathogenic. Common bacterial genera as contaminants in 

the laboratory include Bacillus, Staphylococcus, and 

Micrococcus (Ghayoor et al. 2015; Konar and Das 2013). 

Pathogenic bacteria such as Methicillin-Resistant 

Staphylococcus aureus (MRSA), Pseudomonas 

aeruginosa, Salmonella spp. and Enterobacteriaceae have 

also been identified as contaminants, especially in hospital 

microbiology laboratories, potentially giving false-positive 

test results (Ng et al. 2011). Environmental and human 

influences have a major impact on the diversity and 

dynamics of microbial contaminants (Li et al. 2018), as 

well as the usage of gloves and handwashing, which are 

very successful in minimizing pathogenic bacterial 

contamination in the hospital microbiology laboratory (Ng 

et al. 2011). In addition, proper disinfection and 

sterilization are needed to eliminate contaminant 

microorganisms and personal hygiene of laboratory staff is 

also required (Konar and Das 2013). 

In a health education laboratory where microbiology is 

practiced, contaminant bacteria can interfere with the 

learning process. The genus Bacillus is the main 

contaminant of the laboratory (Lutpiatina 2015). In the 

present research, red bacterial isolates were collected from 

contaminated media that were kept in the washing area of 

the glassware in a medical school laboratory. In current 

reports, red bacteria were found as contaminated bacteria in 

clinical microbiology laboratory of hospital and identified 

as Serratia marcescens. The contamination caused a 

pseudo-outbreak as a result of diagnosis. These 

contaminant bacteria are found in saline solutions, soaps 

and disinfectants used in laboratories. This pseudo-

outbreak emphasizes the importance of laboratory worker 

ability to perform specimen processing procedures (Dundar 

et al. 2009). Serratia typically causes neonatal nosocomial 

outbreaks. This outbreak is associated with personal 

hygiene, such as hand hygiene (Zingg et al. 2017) and 

environmental hygiene, such as the value of clean air 

conditioning, which can become a nosocomial reservoir 

(Uduman et al. 2002). The genus Serratia is a 

Enterobacteriaceae member that produces prodigiosin, a 

non-diffusible red pigment. The habitat of Serratia includes 

air, water, and soil. It can also be associated with plants, 

insects, and other animals (Grimont and Grimont 1978).  

mailto:dewivirgianti@gmail.com
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Information about the diversity of the contaminant 

bacteria in the laboratory and the origin of their spread is 

very essential. Therefore, this study emphasized the 

molecular characterization of contaminant red bacteria 

isolated from the culture media in the laboratory.  

MATERIALS AND METHODS 

Procedure 

Isolation of red bacteria 

Red bacteria were isolated from the contaminated 

culture medium of Sabouraud Dextrose Agar (SDA) to the 

Nutrient Agar (NA) medium. The red bacterium was called 

Bakteri Merah as the code.  

Identification of red bacteria 

Identification of red bacteria was based on 

morphological and molecular characterization. 

Morphological characterization was performed through 

observation of colony and Gram staining. Molecular 

characterization was performed by barcoding the 16S 

rRNA gene using 27F (5’-

AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-

TACGGYTACCTTGTTACGACTT-3’) as universal 

primer for bacteria. DNA genome extraction was carried 

out using the Fungal/Bacterial Miniprep Kit (Zymo 

Research, D6005). PCR amplification was conducted with 

MyTaq HS Red Mix (Bioline) with 1 x 25μL master mix 

PCR composition consisting of 9.5 μL ddH2O, 12.5 μL My 

Taq Red Mix, 2x, 1 μL 10 μmol/μL 27F primers, 1 μL 10 

μmol/μL 1492R primer and 1μL DNA template. PCR was 

performed with the Agilent SureCycler 8800 

Thermocycler. PCR was performed at an initial 

denaturation step of 95 °C for 1 min, followed by 35 cycles 

at 95 °C for 15 sec, 52 °C for 15 sec, and a final extension 

step at 72 °C for 72 sec. PCR products have been purified 

with the Zymoclean Gel DNA Recovery Kit (Zymo 

Research). Sequencing was carried out in two ways, carried 

out commercially by Genetika Science Indonesia. 

Sequential data assembly was done with BLAST through 

http:/www.ncbi.nlm.nih.gov/BLAST/. 

Evolution analysis was conducted with MEGA7 

(Kumar et al. 2016) and using the Neighbor-Joining 

method to obtain a percentage of the tree repetition in 

which the taxa cluster was associated with the bootstrap 

test (1000 repetitions). The evolutionary distance was 

calculated using the Maximum Composite Likelihood 

method. 

RESULTS AND DISCUSSION 

Purification of red bacteria 

Contaminated SDA medium was sterilized unused 

medium, but was previously cut into laminar air flow with 

aseptic tools for other purposes. Contamination occurs 

when the medium was placed in washing room of 

glasswares located inside the laboratory. The pure culture 

of red bacterial colonies showed characteristics of round, 

medium-sized colonies of 2-3 mm, flat edges, convex 

elevations, and pink to red color (Figure. 1). Gram staining 

results exhibited that the bacterium was cocobacili Gram-

negative. 

Phylogenetic analysis 

Molecular identification was performed to get a 

confirmed identification of the bacteria. The 16S rRNA 

sequence was successfully amplified. The PCR product 

was shown by DNA fragment at 1500 bp (Figure 2). 

Evolutionary analysis conducted by MEGA7 showed the 

red bacteria were clustered into S. rubidaea (Figure 3). The 

clade of S. rubidaea was distinctly distinguished from the 

other species of Serratia. According to the phylogenetic 

tree as described in figure 3, the most closely related strains 

were S. rubidaea NR_024644 strain JCM 1240 and S. 

rubidaea NR_114232 strain NBRC 103169. A similar 

result was obtained from BLASTN result that the similarity 

of the strain reached 99.65% identity with S. rubidaea 

NR_024644 strain JCM 1240 and 99.58% with S. rubidaea 

NR_114232 strain NBRC 103169. Meanwhile, other clades 

include other Serratia species namely S. ficara , S. 

odorifera, S. marcescens, S. ureilytica and the other genus 

of Cedecea. Based on NCBI information, S. rubidaea 

NR_024644 strain JCM 1240 is Japan’s bacterial strain 

used as comparative reference in the journal of 

investigation of the origin of intracellular aerobic gut 

bacteria symbiont of the Buchnera aphid (Harada et al. 

1995). 

 

 

  

 
 

Figure 1. Contaminants of red bacteria grown in unused culture medium (A), pure colonies of red bacteria (B) Cocobacilli Gram-

negative bacteria (C) 
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Figure 2. L PCR products were assessed by electrophoresis with 

1% TBE agarose. Red bacteria (Bakteri Merah) (1) and marker 

(M). 

 

 

 

The genus Serratia belongs to the Enterobacteriaceae 

family and the Gammaproteobacteria class. The genus 

consists of 15 species, namely S. entomophila, S. ficaria, S. 

fonticola, S. glossinae, S. grimesii, S. liquefaciens, S. 

marcescens, S. nematodiphila, S. odorifera, S. plymuthica, 

S. proteamaculans, S. quinivorans, S. rubidaea, S. 

symbiotica, and S. ureilytica 

(http://www.catalogueoflife.org) . S. rubidaea was first 

described in 1940 as Bacterium rubidaea and also as 

Serratia marinarubra, but was reclassified as S. rubidaea 

(Ewing et al. 1973). There are three subspecies in it: S. 

rubidaea subsp. burdigalensis, S. rubidaea subsp. 

rubidaea, and S. rubidaea subsp. colindalensis (Grimont 

and Grimont 2006).  

The habitat of S. rubidaea is not known for certain, but 

it has reported to have been isolated from foods such as 

coconuts (Siva et al. 2012), tomato salad (Abd-Alla et al. 

2011), green chillies, and milk (Al-Mijalli 2014; Immanuel 

et al. 2008). It has also been identified as phytopathogen in 

tulips (Stoyanova and Bogatzevska 2011), epiphytic of  

Chaetomorpha media seaweed (Pawar et al. 2015) and 

isolated from soil (Nalini and Parthasarathi 2013).   

The presence of S. rubidaea in clinical samples is 

uncommon, but may cause opportunistic infection in 

several patients who have invasive procedures of surgery or 

receiving broad-spectrum antimicrobials (Ursua et al. 1996; 

Gentille et al. 2014; Litterio et al 2002; Yao et al 2016). S. 

rubidaea has been reported in several research journals, 

including as a causes of nosocomial urinary tract infections 

(Menezes et al. 2004), and causes reddish urine color 

(Kumar et al. 2013). The red pigment of S. rubidaea known 

as prodigiosin might be associated with urinary tract 

infection (UTI) and leading to reddish discoloration of 

urine. This case has been documented in diabetic patients 

who presented with burning micturition and reddish 

discoloration (Kumar et al. 2013). As nosocomial urinary 

tract infection agent, the frequency of S. rubidaea 

appearance in urine samples is the lowest compared to S. 

liquifaciens and S. odorifera (Menezes et al. 2004). The 

damaged physical structure of hospital facilities, including 

surgery and obstetric birthing center, leads increasing 

predisposition of bacterimia in neonatal caused by S. 

rubidaea (Karkey et al. 2018). In addition, it has been 

reported to cause sepsis, although the case was rare (Okada 

et al. 2002). Six species of Serratia, namely Serratia 

ficaria, Serratia fonticola, Serratia odorifera, Serratia 

plymuthica, Serratia rubidaea and Serratia entomophila 

are uncommon in clinical studies, but almost all Serratia 

have been isolated from human clinical specimens and 

virulence-associated properties have also been reported 

(Stock et al. 2003). 

S. rubidea capable of producing extracellular enzymes 

that play an important role in its opportunistic 

pathogenicity. Protease, lipase, alkaline phosphatase and 

polygalacturonase enzymes were detected in S. rubidaea 

which produce at several optimum temperatures (Al-Mijalli 

2014). Besides the enzymes, S. rubidaea is a source of red 

pigment prodigiosin, which is very important in 

biotechnology and pharmacology. Siva et al. (2012) 

documented the production of pigment prodigiosin in S. 

rubidaea was higher than S. marcescens. Prodigiosin has 

potential clinical significance as it is stated to have 

antibacterial (Ibrahim et al. 2014), antifungal (Shaikh 

2016), antiprotozoal/antimalaria (Papireddy et al. 2011) 

and promising anticancer activity (Lin et al. 2019; Li et al. 

2018). 

The cases of S. rubidaea contamination have never 

been documented in laboratories, but this finding proves 

that S. rubidaea can contaminate the stored media of 

microbial culture in the laboratory environment. 

Contaminated culture media was sterile media that was no 

longer used and placed in the laboratory without wrapping 

in a glassware washing area. It is suspected that the source 

of the contaminant comes from vector insects such as 

Drosophila melanogaster, aphid, mites or ants. The vector 

can enter the unwrapped Petri dishes through the gaps 

(Pease 1937). 

Some Serratia species have been associated with 

insects. S. marcescens, has been associated with a number 

of insects such as Nilaparvata lugens Ståll (Priyatno et al. 

2011), Plutella xylostella (Indiragandhi et al. 2011), 

Myrmica ants, and Maculinea (Salvo et al. 2019). S. 

entomophila also plays a role in the chemical cross-talk in 

larval stage between of Maculinea and also in the Myrmica 

ants (Salvo et al. 2019). 

In conclusion, S. rubidaea has been identified as 

contaminant bacteria in laboratories. This result provided 

further knowledge of the variety of contaminant bacteria 

obtained from the laboratory environment, such as insects 

as vectors. 
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Figure 3. Neighbor-joining dendrograms based on 16S rRNA sequences show a phylogenetic relationship between red bacteria (Bakteri 

Merah) and a sequence of bacteria obtained from BLAST results. Bootstrap values based on 1000 repetitions are displayed on branch 

nodes. Phylogenetic trees recognize red bacterial isolates in one clade as Serratia rubidaea 
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Abstract. Oktavia F, Sudarsono, Dinarti D. 2021. Preliminary QTL detection for Corynespora Leaf Fall disease resistance in rubber 

plant. Nusantara Bioscience 13: 53-61. Corynespora Leaf Fall (CLF) disease caused by Corynespora cassiicola fungus is one of the 

most important diseases of rubber trees. Conventional breeding to obtain the resistant rubber clones was constrained by the long time 

required for selection processes. This study was aimed to identify resistant loci linked with CLF disease on the rubber tree. Analysis was 

conducted on 104 F1 of BPM 1 x RRIM 600. The resistance evaluation of the population had been done against two C. cassiicola 

isolates and the molecular analysis was generated by using 28 selected SSR markers. There was a phenotypic variation in F1 resistance 

to both isolates with leaf wilting intensities ranged from 5.2% to 33.4% on CC-06 isolate, and from 3.5% to 36.4% on CC-22 isolate. 

There was no QTL identified on the genetic linkage map, but a single marker analysis showed that some loci associated with CLF 

disease. The associated loci can be used as a preliminary information to develop molecular markers linked with resistance to CLF 

disease to assist the rubber breeding programs. 

Keywords: CLF disease, Hevea brasiliensis, MAS, progeny, rubber breeding 

Abbreviations: CLF: Corynespora Leaf Fall; QTL: Quantitative Trait Loci; MAS: Marker Assisted Selection 

INTRODUCTION 

Rubber tree (Hevea brasiliensis) is one of the ten 

members of the Hevea genus which became the main 

cultivated species in the natural rubber producers. The 

plants coming from  South  America are growing well in 

Southeast Asia and it contributes more than 90% of the 

natural rubber production in the world. However, this 

potential was restricted by Corynespora leaf fall (CLF) 

disease caused by the Corynespora cassiicola fungus 

which causes a decrease in latex production, and in severe 

conditions, the disease can lead to plant death. CLF disease 

has caused serious damage in almost all of the centers of 

rubber plantations in Southeast Asia and Africa. 

Some efforts have been done to control the CLF disease 

and chemical control is commonly used to control the 

disease. Although the chemical method becomes the first 

choice in the field, it is not the best solution. Chemical 

control is not only expensive but its application also causes 

a negative impact on the environment. Continuous use of 

pesticides can cause the pathogen to develop resistance 

against the pesticide, thus the pesticide is no longer 

effective against the pathogen.  

Use of high and stable resistant clones is one of the 

most effective and economical ways to control the CLF 

disease. Breeding activities to produce new resistant clones 

have been done by breeders and there are some problems 

mainly related to the limited area and the lengthy time of 

selection. One alternative to overcome these problems is 

the use of Marker Assisted Selection (MAS).  

MAS can help accelerate the breeding programs mainly 

on the perennial crops which have a long life cycle. To 

obtain an accurate MAS, information on and the 

availability of genetic linkage maps are required. The 

development of genetic mapping studies on the perennial 

crops which are cross-pollinated and heterozygous are not 

as advanced as that in horticultural crops. This is because 

perennial plants such as Hevea have a long life cycle and 

low ability to produce seeds due to inbreeding depression, 

so the preparation of progeny for genetic studies is very 

difficult (Lespinasse et al. 2000). These limitations also 

caused only F1 progenies obtained from crossing of the 

heterozygous parents are possible to be prepared as a 

mapping population of which these conditions may cause 

segregation of alleles in one locus. The generated data can 

be analyzed as a double pseudotestcross and preparation of 

the genetic linkage map for each parent has to be carried 

out separately (Grattapaglia and Sederoff 1994). The use of 

F1 population that was obtained from a cross had been 

widely used as a mapping population to construct a linkage 

map as was reported in Eucalyptus  (Grattapaglia and 

Sederoff 1994), tea plant (Hackett et al. 2000; Ma et al. 

2014), and rubber tree (Le Guen et al. 2003; Le-Guen et al. 

2007; Le Guen et al. 2011; Le Guen et al. 2013; 

Rattanawong et al. 2009; Novalina 2013; Souza et al. 2011; 

Souza et al. 2013; Conson et al. 2018; Rosa et al. 2018; An 

et al. 2019).  
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In this study, we reported the construction of a genetic 

linkage map by using F1 population that was obtained from 

crossing of BPM 1 and RRIM 600 clones. The availability 

of genetic linkage maps and information about the 

molecular markers related to the loci that control resistance 

to CLF disease can be used as a marker for early detection 

of resistant accessions so that it will accelerate the selection 

process in breeding programs to obtain new superior clones 

in the future. 

MATERIALS AND METHODS 

Evaluation of CLF disease resistance 

104 F1 progenies which consist of 30 plants and 74 

embryos were obtained from crossings the CLF disease-

resistant rubber clone (BPM 1) and the susceptible clone 

(RRIM 600) (Oktavia et al. 2016). The CLF disease 

resistance level of 30 F1 plants was tested by their 

resistance to the toxin filtrate produced by the two isolates 

of C. Cassiicola, namely CC-06 and CC-22 collected from 

GT 1 and RRIM 600 rubber clones in the Sembawa 

Research Centre, Palembang. The isolates were classified 

as highly virulent isolates based on previous study (Oktavia 

et al. 2017). Procedures of toxin production and resistance 

evaluation were based on Breton et al. (2000) with some 

modifications. Resistance evaluation was conducted in the 

laboratory-based on the activity of the toxin filtrate of 

isolate using immature leaves (B2C growth stage). The 

leaves were taken from plants grown in the greenhouse and 

then soaked in water for one night (16 hours). 

Subsequently, 125 ml toxin filtrate (concentration of 5 mg 

L-1) was inserted in the tray covered with perforated 

styrofoam (3 cm diameter) and the petiole was inserted into 

the hole until submerged in toxin filtrate. As a control, 

sterile water was used instead of toxin filtrate, and all 

treatments were incubated at room temperature for 48 

hours. Each treatment was repeated three times.  

Assessment of plant resistance level was based on the 

water loss estimation due to toxin activity that was 

observed 48 hours after soaking the leaves in the toxin 

filtrate. Water loss estimation was calculated as the leaf 

wilting intensity (LWI) which showed the percentage of 

difference in weight of the leaves before and after the 

treatment with the toxin minus the control.  

Linkage map analysis 

Total DNA was extracted from 104 rubber leaf samples 

according to the procedure described by Orozco-Castillo et 

al. (1994). The DNA stocks were either dissolved in TE for 

storage at -20 oC in the freezer or diluted in ddH2O as the 

working solution. 

PCR amplification was carried out in a total volume of 

12.5 µl by using the selected SSR primers. The PCR 

reaction mixture consisted of 2 µl of 25 ng µl-1 DNA 

template, 0.75 µl (10 nm) each of the forward and reverse 

primer, 2.75 µl ddH2O and 6.25 µl of PCR mix (Kapa 

Biosystem Inc. USA). The Amplifications were performed 

in a DNA thermal cycler (Model T-100 Thermal Cycler, 

Bio-Rad, USA). The amplification program was as follow: 

one cycle of pre-denaturation at 95 oC for 3 minutes, 

followed by 35 cycles of amplification consist of 

denaturation at 95 oC for 15 seconds, primer annealing at 

53-56 oC for 15 seconds, and primer extension at 72oC for 

30 seconds, and terminated by one cycle of final primer 

extension at 72 oC for 3 min. The amplified PCR products 

were evaluated in 1% agarose in TBE buffer horizontal gel 

electrophoresis. All of the samples that positively produced 

PCR product were subsequently separated in a vertical 

denaturing SDS polyacrylamide gel electrophoresis (SDS 

PAGE) containing 7 M urea, by using a single gel 

dedicated manual sequencer (Cole-Parmer®). The 

observed allelic patterns of the individual accession were 

visualized by staining the gel in a silver nitrate according to 

procedure developed by Creste et al. (2001).  

The SSR primers used to construct genetic linkage map 

were obtained from two steps of selection. The first 

selection was polymorphism of 135 SSR primers (An et al. 

2013; Cubry et al. 2014; Le Guen et al. 2011; Li et al. 

2012; Mantello et al. 2014; Silva et al. 2014; Triwitayakorn 

et al. 2011) on both parental clones. Subsequently, the 

selected primers were used to amplify all individuals in the 

mapping population. The progenies that carried a specific 

allele from the resistant parent were indicated as a 

heterozygous genotype (H) and the ones that did not carry 

the allele were characterized as a homozygous genotype 

(A). Furthermore, the loci in the population having 

segregation of H:A that fitted the ratio of 1:1 based on chi-

square test were used to construct the linkage map by 

converting the frequency of recombination into map 

distance (centiMorgan = cM). Construction of the linkage 

map was done using the Kosambi mapping function 

employing the MapMaker / EXP 3.0 program of the model 

backcross on the value of LOD minimum 3.0 and 2.0 with 

fractions of recombinant of 0.5 (Lincoln and Landers 

1993). Identification of QTLs linked to CLF disease was 

done based on the observed resistance level and molecular 

data by using QGene 4.0 software (Joehanes and Nelson 

2008). 

Identification of SSRs markers associated with CLF 

disease resistance 

The association between SSR markers with CLF 

disease resistance was determined by using a single marker 

analysis (Champoux et al. 1995; Collard et al. 2005). The 

analysis was performed by combining the disease 

resistance data and SSR markers data employing SPSS 20 

statistical package. This method was done by using 

analysis of variance, where the plant accessions scoring 

result was the independent variable (X) and the level of 

resistance as the dependent variable (Y). Analysis of 

variance was conducted on each of the SSR markers. 

Linear model of each variance was yij = μ + Xi + εij where: 

yij:   resistance variable on the accession of the i-th and j-th 

repetition, μ:   the average general, Xi:   the effect of 

accession to-i, and εij:   environmental effect. 

 
 



OKTAVIA et al. – QTL of CLF disease    

 

55 

RESULTS AND DISCUSSION 

Resistance evaluation of mapping population to CLF 

disease 

One of the problems to prepare a mapping population 

on the rubber plant is a low success rate of hand pollination 

to produce F1 progenies. In this study, 6031 crosses were 

made between BPM 1 and RRIM 600 clones, and resulted 

in only 30 F1 plants and 74 F1 embryos which were 

collected from seeds with a crossing success rate of 

0.005%. Thus, only 30 F1 plants were evaluated. 

Cassiicolin toxin is the main effector in the 

pathogenicity of C. cassiicola isolate, so that it can be used 

as an evaluation method for resistance to CLF disease. 

Evaluation of parental clones against two C. cassiicola 

isolates showed that the resistant parent clone BPM 1 

decreased in water content of 6.9% in CC-06 and 7.8% in 

CC-22, respectively, while the susceptible parent RRIM 

600 had a water content reduction of 33.6% in CC-06 and 

41.3% in CC-22 due to the toxin activity, respectively. This 

indicated that the parental clones used to obtain the 

mapping population had a contrasting resistance level to 

CLF disease (Figure 1). These results could support the 

mapping of quantitative character loci related to resistance 

of the rubber plant to CLF disease. McCouch and Tanksley 

(1991) stated that the selection of the parents having a 

resistant and susceptible extreme response was one of the 

important factors determining the success of genetic 

mapping to be able to obtain a segregating progeny in those 

two parental crossings. 

Figure 1 also shows the resistance level of F1 plant 

population to the two C. cassiicola isolates ranged from 

5.2% - 33.4% to CC-06 and 3.5% - 36.4% to CC-22 

isolates, respectively. The differences in the resistance 

level to both isolates could be caused by the differences in 

virulence level of the isolates caused by specific 

interactions between the plants and the isolates. Lieberei 

(2007) stated that the disease occurrence can be influenced 

by many factors such as the level of genetic variability of 

pathogens and plants, environment and interaction between 

them. These factors can cause a plant genotype to become 

resistant to one isolate but susceptible to the other. Three 

progenies had a better resistance level to both isolates as 

compared to the resistant parental clone of BPM 1, i.e., 

F1.1, F1.5, and F1.10. While the F1.27 progeny had a 

better resistance just to the CC-06 isolate, and F1.11, 

F1.12, F1.14, F1.23, F1.28, and F1.29 progenies had a 

better resistance level to CC-22 isolate. 

The information about genetic studies of rubber plant 

resistance to CLF disease was still limitedly reported. Tan 

and Tan (1996) reported that resistance to CLF disease was 

complex that is regulated by polygenic, and on the other 

hand, Hadi and Hartana (2004) reported that the resistance 

was oligogenic with an epistatic effect. The characters that 

were regulated by polygenic (quantitative) had a normal 

distribution, on the contrary, the characters that were 

regulated by monogenic or oligogenic (qualitative) have a 

skewed distribution. Figure 2 shows the distribution of leaf 

wilting intensity of F1 progeny to two C. cassiicola 

isolates. The shape of distribution does not look like a 

normally distributed trait, and it showed that resistance to 

CLF disease was regulated by a few major and minor genes 

(oligogenic). 

 

 

 

 

 
 

Figure 1. Leaf wilting intensity of 30 F1 progenies of BPM 1 x RRIM 600 to toxin filtrate of C. cassiicola isolates 
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Figure 2. The distribution of leaf wilting intensity (LWI) of 

mapping population to two of C. cassiicola isolates 

 

 

 

Selection of SSR markers for construction of genetic 

linkage map 

The first step selection of 135 SSR loci on both parental 

clones revealed 31 SSR markers that produced 

polymorphic loci (22.9%). These loci were heterozygous in 

the resistant parent clone (BPM 1) and homozygous in the 

susceptible parent clone (RRIM 600), or heterozygous on 

both clones with different positions of at least one allele. 

The percentage of polymorphic loci in this study was 

higher than that of previous studies on the RRIM 600 and 

RRII 105 clones (18.27%) (Triwitayakorn et al. 2011) but 

was lower than that produced from primer selection 

conducted on PB 260 and RO 38 clones (46.15%) 

(Lespinase et al. 2000) as well as on PB 217 with PR 255 

clones (51%) (Souza et al. 2013). These differences are 

caused by the different types of clones used in the 

selection, where polymorphic loci in one pair of clones 

could become monomorphic in other clones due to the 

differences in the clone’s genetic background. In addition, 

the different type and number of SSR markers selected also 

caused difference in the percentage of polymorphic loci 

among studies. 

The first step selected markers were used to amplify all 

population members consisting of 104 F1 (30 plants and 74 

embryos) and their parents. Allele obtained only in the 

resistant parent clone (BPM 1) was considered as a specific 

allele that is assumed to be associated with CLF disease 

resistance in the rubber plant. Individuals carried a specific 

allele were grouped as individuals with H genotype and 

those without the specific allele were grouped as 

individuals with A genotype. 

The second step of primer selection was based on the 

results of PCR amplification of the whole population that 

was analyzed by using chi-square test. The results showed 

that 28 of SSR loci had H and A genotypes with 

segregation ratio of 1:1, while the others did not fit the 1:1 

ratio (Table 1). The loci with segregation ratio of 1:1 were 

used to generate the genetic linkage maps. 

Figure 3 shows the results of linkage analysis of 28 

SSR loci segregation ratio of 1:1 in the population using 

the MapMaker / EXP software. In the LOD 3 FR 0.5, 4 

linkage groups were obtained, consisted of eight linkage 

loci, while the remaining 20 loci segregated independently. 

Two loci distributed on each linkage group with group size 

range of 30-47.8 cM (Figure 3.A). If the LOD was lowered 

to 2 with FR 0.5, there was an increasing number of linkage 

loci to be 11 loci while the remaining 17 loci segregated 

independently. There was also a decreasing number of 

linkage groups into two groups, six loci distributed in 

group 1 and five loci in group 2 with a distance range of 

linkage groups of 203-228.5 cM (Figure 3.B). This showed 

that the linkage groups 3 and 4 on LOD 3 were merged into 

linkage group 1 in LOD 2 with the addition of two bridge 

loci between EHBla-2 and mHbCIRA-2715. Two loci that 

were previously independently segregated and then 

changed to linked were HB-52 and EHB-122. While the 

linkage groups 1 and 2 on LOD 3 merged to linkage group 

2 on LOD 2 with the addition of one linked locus of gSSR-

165. These showed that the decrease of LOD limit can 

increase the number of linked loci, but the chances of the 

possibility of recombination also increased. 

The number of linkage groups obtained in this study 

was lower compared to the number of rubber plant 

chromosomes. Similarly, the locus density on each linkage 

group, which in the closest distance between locus was 

about 30 cM. It was due to low number of individuals in 

population and loci used. The same results were also 

reported in other studies that obtained 2 linkage groups in 

the construction of genetic linkage map on 22 F1 of PB 260 

x PN 711 by using 94 RAPD markers (Novalina and Sagala 

2013). Compared to previous studies, the genetic map 

generated in this study was able to detect a small part of the 

rubber plant genome. Lespinasse et al. (2000) reported 18 

linkage groups with a markers density every 3 cM on the 

analysis of 106 F1 progenies of PB 260 x RO38 using 717 

loci consisting of 301 RFLP, 388 AFLP, 18 SSR, and 10 

isozymes. Le-Guen et al. (2007) used 234 SSR markers on 

the same population and obtained markers density every 

10-15 cM. Likewise, the analysis of 81 F1 plants of RRIM 

600 x RRII 105 using 97 SSR loci obtained 23 linkage 

groups with interval between loci 11.9 cM (Triwitayakorn 

et al. 2011). While Le Guen et al. (2011) on 351 F1 

progeny of PB 260 x MDF 180 using 203 SSR, 96 AFLP, 

and 1 STS markers produced 18 of linkage groups. Using 

of 1,079 markers on 146 F1 of GT 1 x RRIM 701, Conson 

et al. (2018) identified 38 QTLs on 18 linkage groups with 

an average marker density of 3.5 cM. One of the SSR loci 

in one of the linkage groups was also found in this study. 

The locus was called mHbCIRA 2715 currently on the 

linkage group 3 with a distance of 0 cM, and this locus was 

in linkage group 12 with a distance of 70.8 cM. 
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Table 1.  Chi-square analysis of 30 SSR loci segregated into 1:1 

ratio on the mapping population 

 

Locus 

Accession 

no. Segregation Χ2 P 

H A 

EHB-069 49 55 1:1 0.35 Ns 

EHB-070 43 55 1:1 1.47 Ns 

EHB-079 58 46 1:1 1.38 Ns 

EHB-081 67 32 1:1 12.37 S 

EHB-087 62 42 1:1 3.85 Ns 

EHB-088 45 57 1:1 1.41 Ns 

EHB-113 53 51 1:1 0.04 Ns 

EHB-122 58 46 1:1 1.38 Ns 

EHB-133 53 50 1:1 0.09 Ns 

EHB-151 62 42 1:1 3.85 Ns 

HB-52 53 47 1:1 0.36 Ns 

HB-68 37 58 1:1 4.64 S 

HB-78 46 57 1:1 1.17 Ns 

HESR-032 44 57 1:1 1.67 Ns 

EHBp-15 44 56 1:1 1.44 Ns 

EHBp-18 54 49 1:1 0.24 Ns 

EHBla-2 60 46 1:1 2.96 Ns 

EHBc-34 55 48 1:1 0.48 Ns 

SSRH-103 52 37 1:1 2.53 Ns 

SSRH-358 58 43 1:1 2.23 Ns 

SSRH-548 56 43 1:1 1.71 Ns 

gSSR-165 60 43 1:1 2.81 Ns 

gSSR-268 44 60 1:1 2.46 Ns 

HBE-329 49 50 1:1 0.01 Ns 

P070 55 46 1:1 0.80 Ns 

mHbCIRA-2715 58 46 1:1 1.38 Ns 

mHbCIRA-2425 52 52 1:1 0.00 Ns 

gSSR-194 54 50 1:1 0.15 Ns 

gSSR-212 52 45 1:1 0.51 Ns 

HESR-029 51 50 1:1 0.01 Ns 

Note: P (5%) on the df 1:   3.84. Ns:   nonsignificant, number of 

the H and A genotypes are not significantly different (segregation 

of alleles 1:1). S:   significant, number of the H genotype  is 

significantly different from A genotype (segregation of alleles 

deviated from 1:1 ratio) 

 

 

 

Based on the information of genetic linkage map 

generated, the identification of QTLs position on the 

linkage map can be conducted by using information of the 

resistance phenotype and SSR data. Analysis using QGene 

program showed that with a total distance of 387.4 cM and 

markers density of 35.3 cM, this analysis could not identify 

the presence of QTLs linked with CLF disease resistance 

on the linkage map. A few of the linkage group numbers 

and a low locus density were major limited factors on the 

QTLs identification process. Other studies reported that the 

presence of QTLs associated with SALB (South American 

Leaf Blight) disease was identified on 18 linkage groups 

with a markers density of 10-15 cM (Le Guen et al. 2007) 

and 8-10.6 cM (Le Guen et al. 2011). Likewise, the QTLs 

associated with the growth of rubber plants were identified 

on 23 linkage groups with a markers density of 10 cM 

(Souza et al. 2013), 21 linkage groups with 5 cM (Rosa et 

al. 2018), 18 linkage groups with 3.5 cM (Conson et al. 

2018) and 15 linkage groups with 3.0 cM (An et al. 2019). 

Association of molecular markers with phenotypic 

characters could be identified by using a single marker 

analysis without the information of genetic linkage map 

(Champoux et al. 1995; Collard et al. 2005). However, the 

information obtained was limited to the association 

between the markers with the phenotypic character, while 

their position and distance of the QTLs from the marker 

were unknown. This might be because markers and the 

resistance character were not in the same chromosome, or 

they may be in the same chromosome but they had a long-

distance so that it would not be segregated together 

(Collard et al. 2005). 

 

 

 

 
A 

 

 
B 

 

Figure 3. Genetic linkage map of F1 population from BPM 1 x 

RRIM 600 clones resulted from Qgene analysis. A. Analysis on 

the LOD (Log of Odd) 3 with RF (Recombinant Fraction) 0.5 and 

B. Analysis on the LOD 2 RF 0.5. Distance between locus in centi 

Morgan (cM). * is associated locus with CLF disease based on 

single-marker analysis. 
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Identification of SSR marker associated with CLF 

disease resistance 

The single-marker analysis by using SPSS program 

successfully identified the presence of SSR loci associated 

with the resistance of the rubber plant to C. cassiicola 

isolates (Table 2). The result showed that there were four 

loci associated with resistance to both isolates, one locus 

only associated with CC-06 isolate and five loci associated 

only with CC-22 isolate (P <0.05). Loci associated with 

resistance to the CC-06 isolate were EHB-70, EHB-081, 

EHBp 18 SSRH-548, and HB-68, while loci associated 

with CC-22 isolate were gSSR-165, HBE-329, EHB-070, 

SSRH-103, HB-78, EHB-081, EHBp-18, SSRH-548, and 

gSSR-212. Among these, EHB-70, EHB-081, EHBp-18, 

and SSRH-548 loci are associated with resistance to the 

two isolates used. 

The number loci associated with resistance to CC-22 

isolate were higher than that of CC-06 isolate. This may be 

correlated with the host origin of the isolates; the CC-22 

isolate was obtained from RRIM 600 clone. This clone was 

the susceptible parent clone, so it was expected that there 

was a specific relationship between the population 

resistance with isolate tested. The locus association with 

resistance to CC-22 isolate was also highly significant (P 

<0.01). 

Furthermore, four of the ten loci associated with 

resistance to CLF disease were an EST-SSR (Expressed 

Sequence Taq-Simple Sequence Repeat) which was 

designed based on the cDNA. These loci were HBE-329 

from latex cDNA (Feng et al. 2009), EHB-070 and EHB-

081 from apical meristem cDNA (Triwitayakorn et al. 

2011), and EHBp-18 from bark cDNA (Silva et al. 2014). 

The HBE-329, EHB-070, and EHB-081 were designed by 

using cDNA of RRIM 600 clone, while EHBp-18 was from 

cDNA of PB 217 clone. 

Figure 4 shows the combinations of allele from five loci 

associated with CC-06 isolate. Each locus has a variation of 

allele combinations with a different average leaf wilting 

percentage, where the lower the percentage would cause 

the higher the plant resistance level. Based on the average 

resistance value of each allele combination, the selected 

associated allele with the resistance to CLF disease was 

estimated. Estimated loci carried the selected allele were 

red-circled. Resistance to CLF disease at the EHB-070 and 

HB-68 was estimated to be controlled by the A1 allele, 

whereas in the EHB-081, EHBp-18 and SSRH-548 were 

controlled by the A2 allele. 

Likewise, ten of loci associated with the CC-22 isolate 

have allele variations with a different average leaf wilting 

percentage. A1 allele at the SSRH 548, SSRH 103, HB 78, 

and gSSR 212 was predicted to be associated with the 

resistance to CC-22 isolate, while EHB 70, EHB 081, 

EHBp 18, and HBE 329 were estimated to be associated 

with the A2 allele and A3 allele at the gSSR 165 locus 

(Figure 5). 

There were differences of allele associated with 

resistance to CC-06 and CC-22 isolates on the EHB 070 

and SSRH 548 loci. However, based on the average value 

of resistance to both isolates, it was expected that A1 and 

A2 were the associate alleles on the EHB 070 and SSRH 

548 loci, respectively (Figure 6). Although they can not be 

used as direct markers for resistance selection tools, the 

presence of these alleles could be used as early information 

to develop the molecular markers linkage with CLF disease 

resistance. To improve the accuracy of obtained data to 

allow the loci could be used in marker-assisted selection, it 

is necessary to make further analysis by increasing the 

number of mapping population and loci analyzed. 
 

 

Table 2. Results of single marker analysis of SSR locus with 

resistance of mapping population to two of  C. cassiicola isolates 

 

Locus 
Response to isolate 

F R-CC-06 F R-CC-22 F R-Average 

gSSR-268 1.381 ns 0.563 ns 0.976 ns 

gSSR-194 1.974 ns 2.360 ns 2.536 ns 

EHB-87 0.229 ns 1.505 ns 0.898 ns 

EHB-113 0.717 ns 0.038 ns 0.308 ns 

SSRH-358 0.254 ns 0.064 ns 0.109 ns 

HB-52 0.156 ns 0.906 ns 0.311 ns 

HESR-032 0.790 ns 0.519 ns 0.657 ns 

EHBc-34 1.048 ns 2.069 ns 1.814 ns 

EHB-069 0.267 ns 1.426 ns 0.716 ns 

EHB-122 0.166 ns 0.441 ns 0.175 ns 

EHB-079 1.028 ns 0.279 ns 0.64 ns 

EHB-088 0.774 ns 1.011 ns 0.996 ns 

P-070 1.704 ns 1.054 ns 1.216 ns 

gSSR-165 1.992 ns 7.677 ** 5.461 * 

EHB-151 0.542 ns 0.563 ns 0.618 ns 

mHbCIRA-2425 0.613 ns 1.283 ns 1.144 ns 

HESR-029 0.662 ns 0.318 ns 0.563 ns 

EHBla-2 0.119 ns 0.301 ns 0.190 ns 

HBE-329 1.890 ns 4.878 ** 3.908 * 

EHB-133 0.949 ns 2.349 ns 1.585 ns 

EHB-070 3.407 * 7.847 ** 6.701 ** 

mHbCIRA-2715 0.664 ns 0.634 ns 0.652 ns 

SSRH-103 2.442 ns 8.044 ** 6.026 ** 

HB-78 2.864 ns 8.962 ** 6.529 ** 

EHB-081 3.866 ** 8.092 ** 8.494 ** 

EHBp-15 2.079 ns 1.348 ns 1.536 ns 

EHBp-18 3.469 * 7.755 ** 6.73 ** 

gSSR-212 1.892 ns 5.044 ** 3.723 * 

SSRH-548 2.812 * 13.31 ** 7.886 ** 

HB-68 5.516 ** 2.250 ns 3.596 * 

Note: F R-CC-06 and F R-CC-22:  F value of resistance to C. 

casiicola isolate of CC-06 and CC-22. ns: non significant, **:  

significant in α 0.01, *:  significant at α 0.05 
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Figure 4. Allele variations and mean resistance level of mapping population to C. cassiicola isolate CC-06 on the 5 SSR locus 

associated with CLF disease. The lower proportion of allele variation is the parents alleles. The circled alleles are the alleles predicted to 

be associated with CLF disease. # shows the position of one of the allele pairs 

 

 

 

  
 

 
 

Figure 5. Allele variations and mean resistance level of mapping population to CC-22 isolate on 9 of SSR locus associated with CLF 

disease. The lower proportion of allele variation is the parents alleles. The red circled alleles are the alleles predicted to be associated 

with CLF disease. # shows the position of one of the allele pair 

 

 

 

 
 

 
 

Figure 6. Allele variations and mean resistance level of mapping population of rubber plant to C. cassiicola isolates CC-06 and CC-2 on 

the 10 of SSR locus associated with CLF disease. The lower proportion of allele variation is the parents alleles.  The circled alleles are 

the alleles predicted to be associated with CLF disease. # shows the position of one of the allele pairs. 
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Abstract. Weerakoon SR, Somaratne S. 2021. Development of a core collection from Sri Lankan traditional rice (Oryza sativa) 
varieties for phenotypic and genetic diversity. Nusantara Bioscience 13: 61-67. A collection of over 2000 traditional rice varieties are 
conserved at Gene Bank, Plant Genetics Resource Center, Sri Lanka. Oryza sativa varieties grown in Sri Lanka from ancient times to 
the middle of the last century are known as traditional rice. These varieties show adaptability to biotic and abiotic stresses and, an 
important component of biodiversity of Sri Lanka. A detailed understanding of the diversity of traditional rice varieties is essential for 
effective utilization of rice genetic resources and identification of potential parents possessing valuable genetic traits for future crop 
improvement. Study objectives were phenotypic and molecular characterization of one-hundred traditional rice varieties and to identify 
a core collection for phenotypic and genetic diversity. Rice varieties were grown in a plant house following RCBD with 4 replicates and 
5 plants per replicate. Thirty-two agro-morphological characters were observed/collected. Genomic DNA was extracted from 20-days-
old seedlings. Thirty‐three microsatellite (Simple Sequence Repeat-SSR) primer pairs were used to assay genetic variation and PCR 
products were subjected to fragment analysis by capillary electrophoresis. Descriptive statistics and basic inferential statistical analyses 
were performed to access variation of agro-morphological characters among rice varieties. Cluster analysis and Multidimensional 
scaling produced 07 groups which were further analyzed using Classification and Regression Analysis to extract the diagnostic agro-
morphological features. Groups of rice varieties were characterized by lemma palea color, awn color at maturity, seedling height, and 
flag-leaf angle. Traditional varieties represent distant clusters on agro-morphological features. Molecular analyses revealed all 33 loci 
displayed polymorphism (66.7-96.9%) among 100 traditional rice varieties with a total of 387 alleles identified with an average of 11.72 
alleles per variety. All varieties were genetically structured into fifteen well-separated groups. UPGMA analysis based on Jaccard's 
similarity separated varieties into 05 major clusters. Genetic diversity information is useful in the efficient use of Sri Lankan rice 
germplasm and managing in situ and ex situ germplasm collections in conserving traditional rice varieties.  

Keywords: Agro-morphological characterization, core collection, molecular characterization, Oryza sativa, traditional rice varieties  

INTRODUCTION 

Comprehensive knowledge of genetic diversity and 
population structure of germplasm collections is important 
for crop improvement. Rice (Oryza sativa L.) is the staple 
food in Sri Lanka, cultivated as a wetland crop in all the 
districts of the island. According to Department of 
Agriculture of Sri Lanka reports, rice is the single most 
important crop occupying 34% percent (0.77 million ha) of 
the total cultivated area on the island. Rice provides 45% 
total calories and 40% total protein requirement of an 
average Sri Lankan (Crop recommendations 2014). 
Approximately 75% of the rice lands in Sri Lanka are 
located within the inland valley systems with varying form 
and size, and the balance of 25% is in coastal plains and 
associated flood plains (Panabokke 1996). Out of total 
cultivated amount, around 99% of the area is cultivated 
with new improved rice varieties. The remaining area is 
cultivated with traditional rice varieties with low yield. 
Although new improved varieties produce comparatively 
higher yields, local and export market demand for 
traditional rice varieties is higher for their grain qualities, 
such as high fiber content, despite the lower production 
(Wickramasinghe and Noda 2008). Moreover, farmer’s 
perceptions (Efisue et al. 2008), improvement of system 

sustainability (Abeyratne 1956), and the higher adaptability 
to problem soils (Mandal et al. 1999) further increased 
interest in traditional rice varieties. 

The overall population structure of global rice 
germplasm has been well characterized. However, detailed 
analyses on country-specific basis have only been recently 
begun (Thomson et al. 2007). The extent of genetic 
variability that exists in a gene pool is an important factor 
for genetic improvement in rice. Sri Lanka's rice gene pool 
consists of many abiotic and biotic stress tolerant traits 
with diverse agronomical characters (Ranawake and 
Amarasinghe 2014).  

Oryza sativa varieties which have been grown in Sri 
Lanka from ancient times to the middle of the last century 
are known as traditional rice varieties. A landrace is a 
dynamic population of a cultivated plant that has historical 
origin, distinct identity and lacks formal crop improvement, 
as well as often being genetically diverse, locally adapted, 
and associated with traditional farming systems (Camacho 
Villa et al. 2005; Choudhury et al. 2013). Sri Lanka is 
considered as one of the secondary diversity centers for 
rice genetic resources (Kobayashi et al. 1991). In ancient 
times, farmers cultivated traditional rice varieties, due to 
their adaptability to Sri Lankan soil types, climate, 
geography, and harsh environmental conditions such as 
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flood, drought, soil salinity, iron toxicity, pests, and 
diseases. The traditional rice varieties have a historical 
origin, distinct identity, and lack formal crop improvement, 
as well as often being genetically diverse, locally adapted 
and associated with traditional farming systems (Camacho 
Villa et al. 2005).  

Rice varietal improvement by incorporating germplasm 
from traditional rice may lead to important advances as 
these varieties seem to harbor significantly higher genetic 
and phenotypic diversity than the cultivated rice (Bentota 
and Weerasinghe 2005; Atwell et al. 2014). Moreover, 
traditional rice varieties are one important component of 
the biodiversity of Sri Lanka.  

Genetic fingerprinting of these varieties is essential to 
distinguish them and to characterize accessions. Molecular 
markers such as simple sequence repeats (SSR) and 
microsatellites are useful for assessing genetic variations 
within conserved gene pool in rice. To date, more than two 
thousand SSR markers of cultivated rice are available and 
these provide a powerful tool for studying close relatives. 
SSRs are simple, tandemly repeated, nucleotide sequence 
motifs flanked by unique sequences (Roa et al. 2000) and 
have become useful markers for genetic diversity analysis 
because they detect high levels of allelic diversity, occur 
frequently throughout plant genomes, and are easily 
assayed by PCR. SSR markers have been extensively used 
to identify genetic variation among rice species to analyze 
genetic structure within cultivated rice (Ren et al. 2005), 
and to evaluate genetic diversity among strains of wild rice 
(Shishido et al. 2006) and among cultivars of cultivated 
rice (Yu et al. 2003). Further, microsatellites have been 
used for studies of parentage (Roa et al. 2000), genetic 
mapping and breeding, gene flow, genetic diversity and 
population differentiation (Cho et al. 2000). Genetic 
differentiation among selected Sri Lankan traditional rice 
(Oryza sativa ) varieties and wild rice species were 
conducted using AFLP markers by Rajkumar et al. (2011). 

Despite the limited studies conducted, there is still a 
strong need for more detailed characterization of the 
responses and acclimatization mechanisms of rice under 
stresses that are occurring in farmers' fields. Thus, 
integration of crop agro-morphology and molecular 
approaches to dissect complex environment tolerance traits 
is essential. The objectives of the present study are; 
phenotypic characterization and Molecular analysis of 
traditional rice varieties collected from PGRC, Sri Lanka, 
and identification of a core collection of traditional rice 
varieties.  

MATERIALS AND METHODS 

Collection of seed material 
One hundred (100) Sri Lankan traditional rice varieties 

collected from PGRC, Sri Lanka were used in the study.  

Germination of seeds 
Seeds were kept at 50 °C for 5 days to break the 

dormancy. Then seeds were kept in 70% alcohol for 2 
minutes and washed properly with distilled water and 

dipped in 2% Clorox for about 30 minutes and again 
washed properly with distilled water. Then seeds were kept 
in an incubator at 35 °C for 7 days under dark conditions. 
The experiment was conducted at seedling stage. 
Germinated seeds were planted in plastic trays filled with 
soil collected from paddy fields.  

Agro-morphological characterization 
The study was carried out in a plant house at The Open 

University of Sri Lanka, Nawala in the Low country Wet 
Zone, Western Province of Sri Lanka. The average ambient 
temperature was 28-32 °C and average relative humidity 
was 80-85% in the experiment site during the experiment 
period. The soil was collected from paddy field and filled 
into pots (5 kg pot-1).  

The germinated seeds were allowed for 2 weeks for 
reaching the seedling stage and were planted in pots 
according to Randomized Complete Block design with 4 
replicates and 5 plants per replicate. Fertilizer management 
and the other crop management practices were followed 
according to the recommendations of Department of 
Agriculture. Thirty-two (32) agro-morphological characters 
were observed/collected as explained in PGRC 
Characterization Catalogue on Rice Germplasm (1999). 

Statistical analyses 
Data collected on agro-morphological characters of 

traditional rice varieties were analyzed using different 
statistical procedures. Prior to the analysis, data were 
converted to unique type, i.e. Nominal data. Descriptive 
statistics included frequency analysis, and cross-tabulation. 
Inferential statistical analyses were carried out using χ2  test 
and multivariate analytical techniques such as cluster 
analysis (CA) and Multidimensional scaling (MDS) to 
explore the statistical procedural variations in the 
outcomes. These procedures were used to examine the 
patterns of grouping of traditional rice varieties according 
to their agro-morphological features. Based on the 
grouping patterns reflected in the analyses, rice varieties 
were grouped into seven (07) categories such as A, B, C, 
D, E, F, and G (Table 1). In addition, classification and 
regression analysis was performed to extract the diagnostic 
agro-morphological features of the groups of traditional 
rice varieties include in the study. 

Molecular characterization 
A total of 100 traditional rice varieties collected from 

PGRC, Sri Lanka were used in the study. The green leaves 
were individually collected from 20-day-old seedlings for 
DNA extraction. The gDNA was extracted using the Plant 
genomic DNA kit (Biomed DL114‐01) following by the 
CTAB protocol. Thirty‐three microsatellite (Simple 
Sequence Repeat-SSR) primer pairs were used to assay 
genetic variation. The DNA amplification was carried out 
using a 2,720-thermal cycler (Applied Biosystems). PCR 
products were subjected to fragment analysis by capillary 
electrophoresis using an Applied Biosystems 3130×l DNA 
analyzer (Applied Biosystems). 
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RESULTS AND DISCUSSION 

A long history of traditional rice production across 
diverse environments in Sri Lanka has led to a diverse 
array of traditional rice varieties. However, the relative 
importance and influence of yield-related traits on grain 
yield have changed over time due to rice improvement. The 
yield potential of a rice variety is a theoretical concept 
determined by a complex series of interactions with the 
components of the environment it is exposed to. Even 
though recommendations of crop varieties are done based 
on grain yield, there are other important traits related to 
grain quality and/or agronomy which are not related to 
grain yield (Samita et al. 2005). Under such circumstances, 
selection based on yield can lead to the loss of these 
important characters. Therefore, classification using 
multiple morphological characteristics is important to 
identify adaptation of a variety and to improve the 
evaluation of varieties for potential adaptation (Lin and 
Binns 1985; Lin et al. 1986). At present, there is still a lack 
of information on morphological diversity, how the 
diversity has changed with rice improvement, and its 
impact on grain yield of traditional and improved rice 
varieties in Sri Lanka. 

Traditional rice varieties represent important genetic 
reservoirs with valuable traits and there is an urgent need to 
provide proper incentives and encourage the farmers to 
cultivate these to help in the in situ conservation of this 
important gene pool. The selected rice cultivars with 
abiotic stress tolerance have the potential for direct 
introduction as cultivars or utilization in the breeding 
programs. Sri Lankan traditional rice varieties were found 
to be biotic and abiotic stress tolerant showing exceptional 
levels of tolerance which play an important role in rice 
breeding programs (Madurangi et al. 2012; Munasinghe et 
al. 2017). 

However, these varieties are rapidly being lost due to 
favor of agronomically improved rice varieties. Gene Bank 
of Plant Genetics Resource Center (PGRC) conserves a 
collection of over 2000 traditional rice accessions. Only a 
few studies have so far been conducted on genetic diversity 
among Sri Lankan traditional rice (Rajkumar et al. 2011; 
Ranawake and Amarasinghe 2014; Wijayawardhana et al. 
2015; Bandara et al. 2017) and there is a need to conduct a 
comprehensive study.  

Studies conducted by Wijayaeardhana et al. (2015) and 
Bandara et al. (2017) using Sri Lankan Traditional rice 
varieties revealed an effective use of agro-morphological 
characters based on Characterization Catalogue on Rice 
Germplasm descriptors to characterize Sri Lankan 
traditional rice varieties. A similar method was adopted in 
the present study using 32 Rice Germplasm descriptors 
explained in PGRC Characterization Catalogue on Rice 
Germplasm (1999) for agro-morphological characterization 
of 100 traditional rice varieties. 

Microsatellites have been used for studies of genetic 
diversity and population differentiation in rice germplasm. 
Genetic differentiation among selected Sri Lankan 
traditional rice (Oryza sativa ) varieties and wild rice 

species were conducted using AFLP markers by Rajkumar 
et al. (2011) and Molecular Characterization of Accessions 
from a Traditional Rice Cultivar, Suwandel using SSR 
markers by Gunasena et al. (2015). In the present study, 33 
SSR markers were used to assay the genetic variation 
among 100 traditional rice varieties. 

The present study revealed that traditional rice varieties 
represent distant clusters based on agro-morphological 
features, particularly on lemma-palea color, awn color at 
maturity, seedling height, and flag-leaf-angle. These 
findings were further confirmed by molecular studies 
indicating a comparatively high level of genetic 
differentiation among individuals of selected traditional 
rice varieties. 

Agro-morphological characterization 
Descriptive statistics indicated that variation of agro-

morphological characters across rice varieties are 
negligible and certain characters such as presence/absence 
of awn, characteristics of awn are restricted to certain rice 
varieties. 

However, result of the Kruskal-Wallis test showed that 
most of the agro-morphological characters significantly 
vary across rice varieties (p < 0.05). However, the variation 
of stem color among the rice varieties was not statistically 
significant (p > 0.05). 

The result of CA and MDS indicated that majority of 
rice varieties are clustered into seven (7) groups in the 
dendrogram (Figure 1) and biplot of MDS dimensions and 
certain rice varieties indicated a grouping tendency. It is 
clear from the MDS biplot that the verities included in the 
study grouped into seven categories. The characters 
lemma-palea color, awn color at maturity, seedling height, 
and flag-leaf-angle are most likely determine the grouping 
in the dendrogram. 

The characterization of these seven categories was 
confirmed by the results of CART (Classification and 
Regression Tree Analysis) analysis (Figure 2). Similar to 
clustering pattern of the dendrogram (Figure 1), according 
to the results of CART analysis, traditional rice varieties 
which consist of seven groups can be categorized by the 
characters; lemma-palea color, awn color at maturity, 
seedling height, and flag-leaf angle (Table 2). 

Molecular characterization  
According to the present study, all 33 loci displayed 

polymorphism (66.7-96.9 %) among 100 traditional rice 
varieties with a total of 387 alleles identified with an 
average of 11.72 alleles per variety. The AMOVA results 
showed that 34% of the variation distributed among 
accessions, 59% among individuals, and 7% within 
individuals indicating a comparatively high level of genetic 
differentiation among individuals of selected rice varieties. 
Structure analysis results illustrated that all 100 varieties 
were genetically structured into five (05) well-separated 
groups, high ΔK peak was recorded at K=15, K= 5, K= 19 
and K= 2 respectively (Figure 3).  
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Table 1. Groups of traditional rice varieties resulted from the CA, PCA and MDS on agro-morphological data 
 

Group and 
number of 

rice varieties 
Rice variety (accession no.) 

A (33) Murungabala wee (3246), Kanni murunga (3260), Periavellai (3279), Suduru samba (3333), Vanam (3488), Pokuru 
wee (3499), Maha ma wee (3551), Polon wee (3553), Muthu samba (3564), Pokkali (3573), El wee (3578), Seedevi 
(3605), Lumbini (3613), Maha wee (3618), Gal pa wee (3341), Kiri naran (3350), Kalundai (3381), Eth samba 
(3383), Moddai karuppan (3388) Wanni dahanala (2053), Hattapas dawas wee (2051), Dahanala (2049), Herath 
(2048), Bala samba (2047), Herath banda (2063), Handiran (2057), Gona baru (2056), Dingiri menika (2055), 
Demas (2054), Weda heenati (2340), Hal sudu wee (2110), Dik wee (2109), Heen dik wee (3191) 

B (03) Kalu heenati (3471), Pihatu wee (3403), Kurulu wee (4903) 

C (02) Kattagarang (3176), Rathu heenati (3390) 

D (02) Galu Sulai (4616), Thirissa (3186) 

E (02) Kalu hondarawalu (4622) and Yalalu (4606) 

F (27) Moothuki El (3180), Kuru hondarawalu (3184), Gangala (3185), Khombila (3188), Wanduru wee (2046), 
Balamurunga kayan (2045), Batapola wee (2036), Madayal (3475), Rankiri (3476), Sudugoda wee (3477), Japan 
sulai (3393), Devereddiri (3398), Atta wee (02035), Wanni heenati (3401), Batapola El (2038), Magoda El (4905), 
Nara wee (4908), Niyan wee (4909), Pathmawee (4912), Sudugalkada (3983), Welihandiran (3916), Mahamenik 
(3923), Manikkam (3901), Rath El (3705), Gambada Samba (3714), Goda heenati (3724), Kuruluthuda (4553) 

G (31) Soothuru wee (3179), HathiEl (3183), Molligoda (4770), kurulu wee (4541), MadaEl (3177), Yalihanthiran (3187), 
Pushmaraga (3979), Andikulan (3189), Mahakuru wee (3190), Puwakmalata samba (3486), Gires (3193), 
Katharamana (3194), Bala Murunga (2108), Hetada (2069), Heen murunga (2979), Mas samba (2349), Duru wee 
(2990), Polayal (3071), Thanthiri Balan (3072), Ratnawalu (4916), Weda heenati (4917), Pachchaperumal (5383), 
Black gora (5387), Malawariya (5527), Gallkatta (3195), Nandu heenati (3197), Arnolis wee (3198), Rathkuda 
(3231), Ralukuda (3232), Rathawalu (3233), Liyanweli (4904) 

 
 
 
Table 2. Characterization of groups of traditional rice varieties  
 

Rice 
group 

Flag-leaf-
angle 

Awn 
color at 

maturity 

Lemma 
palea 
color 

Seedling 
height 
(height 
class) 

     
A 2 4 3 2 
B 1 Absent 9 2 
C 2 4 3 3 
D 4 4 7 3 
E 1 6 3 2 
F 2 6 2 3 
G 4 4 2 3 
     

Note: Flag-leaf-angle 1. Erect, 2. Intermediate, 3. Horizontal, 4. 
Descending; Awn color at maturity 1. Straw, 2. Gold, 3. Brown 
(tawny), 4. Red, 5. Purple, 6. Black; Lemma Palea color  0. Straw, 
1. Gold, 2. Brown spots on straw, 3. Brown furrows on straw, 4. 
Brown, 5. Reddish to light purple, 6. Purple spots on straw, 7. 
Purple furrows on straw, 8. Purple, 9. Black, 10. White; Seedling 
height (Height class) 1. < 20 cm, 2. >=20, 3. < 25 cm and 4. >=25 
cm. 
 
 
 
 
 
 
 
 

UPGMA analysis based on Jaccard's similarity 
separated the varieties into five (5) major clusters (Figure 
4). A cophenetic correlation with r=0.786 strongly 
supported the clustering pattern of UPGMA dendrogram. A 
principal coordinate analysis (PCoA) also confirmed the 
UPGMA clusters. Varieties referred to the same cluster 
showed similar morphological characteristics (e.g. flag-
leaf-angle, lema palea color, etc.) while varieties that are 
identified as morphologically distinct appeared genetically 
separated. 

Breeding a new variety based on phenotypic characters 
may take more than a decade and, even then the release of 
an improved variety cannot be guaranteed. Molecular 
markers make this procedure more efficient and expedite 
the selection process in rice breeding. Hence, molecular 
markers are widely used as an efficient tool to characterize 
genetic variability. A similar study was conducted by 
Rajkumar et al. (2011) on the genetic diversity of 46 
traditional rice (Oryza sativa) varieties in Sri Lanka using 
Amplified Fragment Length Polymorphism (AFLP) 
markers with ten primer combinations. A UPGMA analysis 
based on Jaccard's similarity separated the accessions into 
four major clusters. Traditional rice varieties referred to the 
same cluster showed similar morphological characteristics 
(e.g. height, grain color, etc.) while varieties that are known 
to be morphologically distinct appeared genetically 
separated.  
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Figure 1. Dendrogram resulted from the agro-morphological 
characters of 100 traditional rice varieties 
 

 
 
Figure 2. Summary of the characterization of the groups of rice 
varieties resulted from the CA and MDS Analysis using CART 
analysis 
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Figure 3. Structure results bimodal‐based population assignment at K from 1 to 20. Each vertical bar represents an individual (100 
varieties), with its assignment probability to genetic clusters represented by different colors 
 
 

 
 
Figure 4. The UPGMA dendrogram showing genetic diversity among 100 Sri Lankan traditional rice varieties based on Jaccard’s 

similarity coefficient. (Group 1-25 varieties, Group 2-14 varieties, Group 3-26 varieties, Group 4-26 varieties, Group 5-9 varieties) 
 
 
 

In conclusion, the genetic diversity observed among the 
traditional rice varieties is significantly high. Genetic 
diversity assessment at agro-morphological level provides 
reliable information for the selection of germplasm to 

develop new rice varieties and in the conservation of 
traditional rice genetic resources for future breeding 
programs. The studied 100 traditional rice varieties consist 
of seven (07) groups which can be characterized by the 
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characters, lemma palea color, awn color at maturity, 
seedling height, and flag-leaf-angle. However, genetic 
diversity assessment at the molecular level provides 
reliable information for selection of germplasm in the 
development of new rice varieties and in conservation of 
traditional rice genetic resources. Structure analysis and 
UPGMA analysis based on Jaccard's similarity separated 
the tested 100 rice varieties into five (5) major clusters. All 
methods of analysis produced similar results confirming 
the reliability of data used in this study. Therefore, the 
genetic diversity information obtained will be useful in the 
efficient use of Sri Lankan rice germplasm collection in 
breeding programs. In addition, this information will be 
useful in management of in situ and ex situ germplasm 
collections in conservation programs for traditional rice 
varieties. Studies on genetic differentiation are also 
important to avoid duplication of traditional rice varieties 
in the Gene Bank at PGRC. 
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Abstract. Homchan S, Gupta YM. 2021. Short Communication: Insect detection using a machine learning model. Nusantara Bioscience 

13: 68-72. The key step in characterizing any organisms and their gender highly relies on correct identification of specimens. Here we 

aim to classify insect and their sex by supervised machine learning (ML) model. In the present preliminary study, we used a newly 

developed graphical user interface (GUI) based platform to create a machine learning model for classifying two economically important 

cricket species. This study aims to develop ML model for Acheta domesticus and Gryllus bimaculatus species classification and sexing. 

An experimental investigation was conducted to use Google teachable machine GTM for preliminary cricket species detection and 

sexing using pre-processed 2646 still images. An alternative method for image processing is used to extract still images from high-

resolution video for optimum accuracy. Out of the 2646 images, 2247 were used for training ML model and 399 were used for testing 

the trained model. The prediction accuracy of trained model had 100 % accuracy to identify both species and their sex. The developed 

trained model can be integrated into the mobile application for cricket species classification and sexing. The present study may guide 

professionals in the field of life science to develop ML models based on image classification, and serve as an example for researchers 

and taxonomists to employ machine learning for species classification and sexing in the preliminary analysis. Apart from our main 

goals, the paper also intends to provide the possibility of ML models in biological studies and to conduct the preliminary assessment of 

biodiversity. 

Keywords: Biodiversity, crickets, image recognition, insect, machine learning 

INTRODUCTION 

Classifying specimens/organisms is an initial and 

essential step for any biological studies. The scientific 

classification of a species demands prior knowledge for 

identification. However, automatic identification using 

machine learning model can be used to reduce time, cost, 

and labor. ML-based classifier is a rewarding tool identify 

organism and have been employed for insect identification 

(Yang et al. 2015). Various algorithms have been 

developed for insect classification (Ding and Taylor 2016; 

Kang et al. 2014), but all previously proposed methods are 

extremely dependent on algorithm development for optimal 

artificial neuron model for insect detection (Kaya and 

Kayci 2014). Nevertheless, these methods are also manual 

and time-consuming to develop insect detection algorithm 

(Larios et al. 2011; Kaya and Kayci 2014). 

Artificial intelligence (AI) is revolutionizing human 

lifestyle and it has been integrated into many aspects 

(Deshpande and Kumar 2018). Machine learning (ML) is 

rapidly evolving and emerging in daily life. The bridge 

between users and developers is also expanding. It is 

essential to enlarge the involvement of professionals from 

different fields to apply their skills and develop a custom 

ML model without the need for coding/scripting skills. ML 

tools typically require technical skills that often include 

writing scripts to train classification models based on the 

input dataset. Particularly, professionals from life sciences 

are usually unfamiliar with certain skills that require and 

align with machine learning tools, which typically access 

with scripting computer language. Although perverse 

studies have successfully demonstrated a specific insect 

classification system, it has certain limitations in terms of 

complex algorithm development process and usability in 

the real world. To date, various algorithms have been used 

and introduced for insect detection, but require scripting 

and algorithm testing to perform machine learning tasks 

(Kasinathan et al. 2020). Therefore, the present research 

concentrates on the investigation and usability of the 

graphical user interface systems to produce a machine 

learning model for biological images.  

Google teachable machine (GTM) is a fairly new 

graphical user interface (GUI) based tool introduced in 

2019 and it does not require coding or scripting skills to 

build ML models (Carney et al. 2020). GTM is based on 

TensorFlow, which is Javascript library of ML algorithms. 

Using the standalone TensorFlow library requires scripting 

skills in computer language like Python or JavaScript, 

which is eliminated in GTM and easy to access with GUI. 

Recently, GTM is being used for teaching purposes 

(Toivonen et al. 2020) and even has been used to design an 

educational program (Yu et al. 2019). ML algorisms have 

been applied for insect and crop pest classification (Tuda 

and Luna-Maldonado 2020; Ayan et al. 2020), but GTM 

has never been evaluated to develop ML model for insect 

classification purposes.  
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Insects are being consumed in several Asian countries 

including Thailand. These edible insects, especially cricket 

species are very popular in Thailand for a few decades 

(Hanboonsong et al. 2013). Edible insects are very popular 

among locals and easily recognizable due to their 

morphological features. However, it is difficult to 

distinguish closely related species. Previous studies of pest 

detection research had to deal with the image processing 

system. However, the classification model needed several 

technical steps (Miranda et al. 2014). The image processing 

for machine learning has evolved and can be done without 

scripting skills. Researchers have utilized GTM for 

classifying images (Ji and Jun 2020). Herein, we intended 

to employ GTM for preliminary cricket detection. 

Nevertheless, the same strategy can be adapted for pest 

detection and also can be integrated as a standalone 

application.  

Machine learning has been adapted for numerous 

studies in life science. ML has been applied for insect 

detection using audio analysis (Silva et al. 2013), and also 

for the assessment of crop damage caused by insects using 

ML-driven drones (Puig et al. 2015). Even in November 

2020, authors attempted ML approach to determine three 

insect species and their sex using still images (Tuda and 

Luna-Maldonado 2020). However, researchers also stated 

that an automated and online system yet to be developed. 

Moreover, determining and training model for ML 

proposes could be difficult, and integrating the ML-driven 

model requires skills that researchers from different filed 

often do not possess. Herein, we aim to use GTM for insect 

species and gender determination that does not require 

specific scripting or arithmetical skills. The GTM is a web-

based machine learning system and also provides a script 

that can be integrated into mobile or web-based 

applications. 

Crickets are economically very important species and 

widely consumed by local people in Thailand  

(Gupta et al. 2020). Therefore, in the present 

preliminary study, we have used two edible cricket species 

to train machine learning model using GTM. Moreover, the 

sex-ratio is important in cricket breeding facilities due to 

the polyandrous nature of female crickets, the present ML 

model might serve as a preliminary tool to maintain sex-

ratio in the captive population. The trained algorithm from 

the present study can be utilized for application 

development or can be accessed using web-link. To our 

knowledge, this is the very first attempt to use GTM for 

insect species detection and sex, which will also encourage 

researchers to use machine learning platforms like GTM. 

MATERIALS AND METHODS 

Data collection and pre-processing  

Two cricket species, Acheta domesticus and Gryllus 

bimaculatus were collected from cricket breeding facilities. 

Initially, these crickets were scientifically identified and 

used by our research team for population genetic studies 

(Gupta et al. 2020). In the current application, females and 

males from both cricket species were used to capture 

images from all directions. For the Image pre-processing, 

specimens were placed on white paper and 4K video at 30 

frames per second (fps) was taken from all directions. 

Recorded 4K videos were used to extract frames for 

machine learning using Google Teachable Machine 

(GTM). GTM uses TensorFlow.js (Javascript library for 

machine learning). Extracted JPEG images were 

rectangular with the resolution of 500 dots per inch (DPI) 

having the dimension of 1280 X 720, JPEG images were 

separated into four different folders before uploading them 

into four classes on GTM server. Total dataset of 2,646 

JPEG image files was created before using them for 

machine learning. 

Training machine learning model on GTM 

Pre-processed images were used and uploaded to GTM 

server. The training was repeated 100 times (epoch value). 

For deep learning with high accuracy, the batch size was 

set to 16 to divide data into smaller batches during training 

for each repetition. 85 % of the dataset was used to train 

the model and the other 15% of dataset was never been 

used for training but used to check the performance and 

accuracy of the trained model. Previously, the randomized 

splitting method was also used to divide the pest image 

dataset prior to machine learning (Ayan et al. 2020). 

To evaluate the model, the advanced parameters were 

used at GTM platform to compute accuracy per cricket 

species class, accuracy per repetition, loss per repetition, 

and to generate confusion matrix.  

Sample data and JavaScript availability: 

Https://github.com/yashmgupta/Insect-species-

detection- 

RESULTS AND DISCUSSION 

Firstly, to increase the accuracy and capture the image 

from all directions, 4K (around 4000 pixels in the 

horizontal direction) video was taken and the process to 

obtain JPEG files of still images having a resolution of 500 

DPI with 24-bit depth. Recently, researchers used a 

scanning method to obtain 600 JPEG files of insects (Tuda 

and Luna-Maldonado 2020). In the present study, we used 

an alternative and less time-consuming method to generate 

pre-processed image files for machine learning purposes. 

Moreover, scanning insect specimens cannot capture the 

visual of a specimen from all directions that might affect 

the accuracy of the trained model for species or sex 

determination using a machine learning model. Usually, the 

train model accuracy increases by increasing the numbers 

and the quality of images (Ji and Jun 2020). To reduce time 

consumption for data pre-processing and increase the 

probability of training machine learning model with the 

highest accuracy, we developed an alternative method, 

which resulted in 2646 pre-pressed image files for deep 

machine learning. Hereto, 2247 images were used for 

training the model with GTM and 399 images were used as 

test samples to check the performance of the trained model.  
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The results show that the trained model has a 100% 

probability for categorizing cricket images to correct 

species and sex. The 399 cricket images were employed to 

check accuracy. There was no instance where a single 

cricket image was classified for more than one insect 

species or sex. In the present supervised machine learning 

test, for all four classes, the accuracy was one (1.00) as 

shown in Table 1. This means all samples used to test the 

trained model were successfully classified according to 

their features (species and sex) Figure 1.  

Default options of GTM for epochs are fifty, but in 

present supervised machine learning model, the whole 

dataset went through the training a hundred times for better 

prediction and accuracy (as mentioned in method section). 

The training and testing accuracy per epoch is shown in 

Figure 2 (A). Both accuracies reached their threshold after 

only seven epochs of training with the whole dataset. In the 

present machine learning model, the prediction for correct 

cricket species and sex becomes practically perfect after the 

7th epoch, as loss per each became zero at the 20th epoch 

and remained stagnant till the last epoch, Figure 2 (B). 

When the prediction is perfect, the accuracy becomes one, 

and after that prediction, if the confidence is hundred 

percent, the loss becomes zero (Carney et al. 2020). The 

validation result matches and confirms that our ML model 

learned appropriately without underfit or overfit. 

As described in the method section, we extracted still 

images from high-resolution video to be converted into still 

images for training ML model to capture morphological 

keys of cricket species. Recently, researchers have used 

scanners for image processing (Tuda and Luna-Maldonado 

2020), but we have altered the conventional method of pre-

processing still images for classification. The ML model 

based on image classifications has been applied to map tree 

species (Wang et al. 2018; Lim et al. 2019), and using 

objected-based analysis to classify deciduous tree species 

(Franklin and Ahmed 2018). 

Insects, including crickets, are relatively small, which 

often makes them harder to identify or determine their sex 

without experience or expertise. However, the most 

common visible feature in sexing for cricket is the presence 

of an ovipositor in female crickets. Our application of 

GTM for primary identification based on image 

classification confirms that the machine learning model 

trained for cricket species identification and sexing. 

Previously, researchers suggested applying molecular 

biology techniques for sustainable insect breeding for food 

and feed (Gupta and Homchan 2019). Herein, we are 

suggesting that the developed ML model can also be 

applied to maintain sex-ratio in the breeding facility.  

Besides, this study is the first step towards educating 

researchers to use machine learning from GTM platform in 

biological sciences. Result of the trained model for cricket 

species classification using GTM is encouraging. The 

developed algorithm can be excess via an online platform, 

or can be used with a mobile application (developed to run 

ML model in the real environment). This research was 

concerned with the usability of GTM for research purposes; 

however, the findings suggest that this approach can be 

useful for developing algorism using an online platform for 

insect detection with direct practical relevance. Moreover, 

TensorFlow is huge library of machine learning algorithms 

extensively used for research purposing, including drug 

discovery and image classification (Abadi et al. 2016). 

GTM uses pretrained neural network of mobilenet models 

from TensorFlow library, which has separate 28 layers for 

the image classification with high accuracy (Howard et al. 

2017). The finding also has important implications for 

assisting active sample collectors without prior knowledge 

about cricket or any other insect species for assessment of 

biodiversity or population analysis.  

The proposed method can be adapted for several 

biological science applications and can be readily used in 

practice for preliminary work. In the present study, 

particular attention is paid to develop an adaptable 

approach for ML practice in biological science where 

observation-based assessment is needed (e.g. on-site cricket 

sample collection). On the basis of the promising results of 

two cricket species classification and sexing, the ML model 

with other cricket species will be developed and 

investigated in future research. 

 

 
Table 1. Accuracy per class of cricket species and their gender. 

 

Classes Accuracy Test samples 

ADF 1.00 118 

ADM 1.00 118 

GBF 1.00 78 

GBM 1.00 85 

Note: ADF: Acheta domesticus female, ADM: Acheta domesticus 

male, GBF: Gryllus bimaculatus female, GBM: Gryllus 

bimaculatus male 

 

 

 

 
 

Figure 1. Confusion matrix of classes according to the provided 

samples (Y-axis) and predicted classes based on the trained model 

(X-axis). The trained model showed no misclassification for 399 

samples that new-before-seen by ML model. 
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Figure 2. Plots for training and testing dataset result validation: A. Plot of training and test accuracy against epochs. B. The plot of 

training loss and test loss against epochs 

 

 

 

The present study was designed to determine the 

usability of machine learning platform like GTM for 

preliminary species detection and sexing. The result of the 

investigation shows that the ML model can be developed 

with ease using GTM and incorporated in mobile and 

website or can be directly excess with the shareable link. 

The key strengths of this study are its user-friendly online 

ML platform and accessibility after training the cricket 

classification model. Although the current ML model is 

based on two cricket species, the findings suggest that ML 

model can be developed for classification of several cricket 

species with different morphological features. A reasonable 

approach to capture details is extracting still images from 

the video; therefore, we suggest a similar to this one should 

carry out before building the ML model. Taken together, 

our results suggest that ML model can be trained on the 

GTM platform for image-based classification in biological 

sciences, including insect classification. 
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Abstract. Yousif RA, Choudhary MI, Ahmed S, Ahmed Q. 2021. Review: Bioaccumulation of heavy metals in fish and other aquatic 

organisms from Karachi Coast, Pakistan. Nusantara Bioscience 13: 73-84. Heavy metals are being utilized in a variety of ways in 

industries, agriculture, food processing and household in many forms. Metals are unique environmental and industrial pollutants in the 

sense that they are neither created nor destroyed by human beings but are only transported and transformed into various products. The 

present study deals with the findings of various investigators on the effect of heavy metals on fish and other aquatic organisms on 

Karachi coasts of Pakistan. The polluted areas (Rivers and Karachi coasts) receiving effluents from industrial, agricultural, municipal 

and domestic wastes. The order of abundance of the metals were as fellow; Fe > Zn > Cu > Mn > Cd > Pb > Cr > Ni > Hg > As. Most 

studies showed that essential metals (Fe, Zn, Cu, and Mn) in aquatic organisms are much high, but the quantities of non-essential metals 

are found to be less. This review has shown that fish and other aquatic organisms are used as bio-monitoring species in heavy metal 

pollution. It is suggested that such investigations should be continuous in terms of both human health and determination of metal 

pollution in aquatic environment. 
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INTRODUCTION  

Heavy metals are essential components of aquatic 

environment, usually found in really low concentrations. 

The many parts of the heavy metals released into the earth 

discover their way into the freshwater and marine 

environment as by many ways as input of direct air 

deposition, climatic, and disintegration due to rainwater. 

The levels of heavy metals are too high, in the area where 

domestic activities, mining activities, mechanical and 

cultivating activities are across the natural areas (Langston 

1990; Bryan and Langston 1992; Sulieman and Suliman 

2019). 

Heavy metals accumulated in the fish and other aquatic 

organisms in two ways direct and indirect accumulation, 

consumption of contaminated water and food through the 

digestive system considered as direct exposure or indirectly 

through the permeable membranes such as skin and gills. 

The level of heavy metals concentration in fish and other 

aquatic organisms’ organs indicate their levels also in their 

surrounding environment. The accumulation of heavy 

metals in aquatic organism organs sometimes can exceed 

the environmental levels. The toxic effect usually occurs 

when the rate of uptake is exceeding the mechanism of 

metabolism, storage, and detoxification (Ali et al. 2011; 

Baki et al. 2018; Rajeshkumar and Li 2018). 

Contamination of the freshwater and marine 

environment by heavy metals has been reported by many 

authors such as Rashed (2001), Rahman et al. (2012), 

Yousif et al. (2016) and Rajeshkumar and Li (2018), have 

reported that zinc, chromium, mercury, lead, copper, 

cadmium and arsenic are the important metals which 

contaminate the water and harmful to aquatic organisms. 

Many marine organisms (fish, shrimp, and crab) at the 

highest point of the natural feeding ground items and 

aggregates high levels of metals from the water and 

sediment (Lambert et al. 2000; Tüzen 2003; Arulkumar et 

al. 2017; Daellenbach et al. 2017; Narsimha and Wang 

2018). Heavy metals accumulated in aquatic organisms and 

their effect can move to the human after using 

contaminated fish and other aquatic organisms and the 

consequences can deteriorate the human health (Raja et al. 

2009; Alinnor and Obiji 2010; Abarshi et al. 2017).  

The levels of dangerous contaminants in aquatic 

organisms are a critical factor in view of their potential 

effects on the organisms themselves and the health status of 

humans that utilize them. Health organizations and 

institutions, for example, Food and Drug Administration 

(FDA), have started late raised stresses over the security of 

fisheries obtained from business sources (Burger et al. 

2004). 
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THE MAIN SOURCES OF HEAVY METALS 

Contaminations of heavy metals in water also lead to 

changes in the chemical components of the aquatic 

environment, usually influences the behavioral, 

physiological, and bloodstream patterns, cell structures 

ionic balance (Oikari and Soivio 1976), liver function, and 

carbohydrate metabolism (Oikari and Soivio 1976; Oikari 

and Nakari 1982) of fishes. Earlier studies, showed that 

anthropogenic activities and domestic effluent constitute 

huge sources of heavy metal which contribute to the 

steadily increasing metallic pollutant in aquatic 

environment in most part of the world (Jibiri and Adewuyi 

2008; Ates et al. 2015).  

Recent development and advancements in the 

agricultural sector, industrialization, and urbanization have 

contributed substantially to elevated heavy metal pollution 

in freshwater and marine environments. Anthropogenic 

activities such as mining and smelting (Chen et al. 2015), 

combustion of fossil fuel refining (Muradoglu et al. 2015), 

discharge and disposal of domestic and municipal wastes 

(Khan et al. 2016), using pesticides in agricultural sector 

(Ogunlade and Agbeniyi 2011), sewage irrigation in some 

countries (Sun et al. 2013), fertilizer and urea application 

(Atafar et al. 2010), dust (Chen et al. 2011) contribute to 

spread the levels and concentrations of dangerous heavy 

metals in the aquatic environments. The major sources of 

heavy metals are summarized in Table 1. 

Generally, metals can be categorized as biologically 

essential and nonessential. The nonessential metals (e.g., 

lead (Pb), mercury (Hg), cadmium (Cd), aluminum (Al), 

and tin (Sn)) no study has proven their biological function 

(also called xenobiotics elements or foreign elements), and 

their effects and toxicity rise with increasing the levels and 

concentration of these metals, on the other hand essential 

metals (e.g., zinc (Zn), iron (Fe) copper (Cu), cobalt (Co), 

nickel (Ni), chromium (Cr) and molybdenum (Mo)), have a 

known their biological role, and their effects and toxicity 

occur either at metabolic deficiencies or at high levels and 

concentrations of these metals (Sfakianakis et al. 2015). 

The deficiency of an essential metal can lead to adverse 

health effects, whereas the high levels of essential elements 

can also lead to negative effects which are equivalent to or 

worse than those effects caused by non-essential metals 

(Kennedy 2011; Sfakianakis et al. 2015). The most 

commonly investigated and found heavy metals in fish and 

other aquatic organisms in many studies are Zn, Cu, Pb, Cr, 

Cd, Ni, Hg, Co, Sn, and Mo. Amongst them, the most 

frequently studied, with respect to fish and aquatic 

organisms' deformities, include Zn, Pb, Cu, Cr, Cd, and Hg. 

ACCUMULATION OF HEAVY METALS AND THE 

ECOLOGICAL STATUS OF AQUATIC 

ORGANISMS 

The rapid development of industry and agriculture has 

resulted in an increase in the pollution of coastal areas with 

heavy metals, which have been identified as a significant 

environmental hazard for invertebrates, fish, and humans 

(Yousif et al. 2016; Khan and Strand 2018) Significant 

quantities of heavy metals in waster water are discharged 

into aquatic environments. These metals can be strongly 

accumulated and biomagnified along water, sediment, and 

aquatic food chains, thus resulting in sublethal effects or 

death in local fish populations and other aquatic animals 

(Yi and Zhangc 2012). Heavy metals like copper and zinc 

are essential for fish metabolism, while others such as 

mercury, cadmium, and lead have no known role in 

biological systems (Yi and Zhangc 2012; Ates et al. 2015). 

Therefore, it is important to better understand the 

relationships between ecological status of aquatic 

organisms and the concentrations of both essential and non-

essential metals. Heavy metal pollution of water and 

sediment in the Karachi Coast has attracted much attention 

from researchers (Ahmed et al. 2017b). 

HEAVY METAL AND HUMAN HEALTH 

Consumption of contaminated food is the main source 

of exposure of humans to the risks of heavy metals (Liu et 

al. 2010). The presence of heavy metal in commercial fish 

can pose potential health risks to humans (Cid et al. 2001; 

Castro-gonzález and Méndez-armenta 2008; Saeedi et al. 

2012; Ullah et al. 2017). Hence, it is important to know the 

level and concentration of heavy metal contents in aquatic 

organisms in order to ensure that it does not expose any 

hazard to the human and maintain concentration under 

permissible level (Sivaperumal et al. 2007; Uysal et al. 

2008; Palaniappan and Karthikeyan 2009; Dehghani et al. 

2017; Pal et al. 2018). Heavy metal pollution is 

increasingly recognized as a serious, environmental issue 

by environmentalists, high levels of toxicity, persistence, 

and potential for accumulation inside human body pose a 

serious health threat to the residents of urban areas (Karim 

et al. 2015; Mohmad et al. 2015; Hwang et al. 2016; Gope 

et al. 2017; Khan and Strand 2018; You et al. 2018; Liu et 

al. 2019; Men et al. 2019; Tian et al. 2019). 

Many organizations and institutions such as the Food 

and Agriculture Organization (FAO), World Health 

Organization (WHO) and European Union (EU) from 

different countries have been established about the 

maximum permitted concentration of heavy metals in 

foodstuffs including fish and other seafood (Chary et al. 

2008; Xue et al. 2012). For example, European Union 

(2006) reported that the maximum tolerable limit (MTL) of 

lead (Pb) in the edible tissues of fish is 0.3 mg/kg where Cd 

and Hg were about 0.05-0.30 and 0.5-1.00 mg/kg wet 

weight respectively depends on the type of fish. Heavy 

metals such as Pb, Cd and Hg are categorized as non-

essential elements and they are very toxic and harmful to 

individuals and aquatic organisms, even at small levels 

(Thomas et al. 2009; Zheng et al. 2011; Bourliva et al. 

2018). While, Zn, Mn, Cu, and Ni are essential elements 

due to their important function in biological systems (Stern 

et al. 2007; Fernandes et al. 2008). The dose-response 

curve for essential metals is U-shaped due to those metals 

that have both deficiency and copper excess which produce 

adverse health (Stern et al. 2007). 
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Table 1. Sources of heavy metal contaminations in the aquatic 

environment (Lone et al. 2008; Changfeng et al. 2019) 
 

Heavy 

metals 
Sources 

Zn Electroplating industry, smelting and refining, mining, 

biosolids 

Fe Iron alloys are processed to containers, cars, laundry 

machines, bridges, buildings, and also the other sources 

of iron as pharmaceutics, chemicals, iron fertilizers, and 

pesticides. 

Cu Electroplating industry, mining, biosolids, smelting, and 

refining 

Pb Mining and smelting of metalliferous ores, burning of 

leaded gasoline, municipal sewage, industrial wastes 

enriched in Pb, paints 

Cd Geogenic sources, anthropogenic activities, metal 

smelting and refining, fossil fuel burning, application of 

phosphate fertilizers, sewage sludge. 

Hg Volcano eruptions, forest fire, emissions from industries 

producing caustic soda, coal, peat, and wood burning 

As Semiconductors, wood preservatives, mining and 

smelting, coal power plants, herbicides, volcanoes, 

petroleum refining, animal feed additives 

Cr Electroplating industry, sludge, solid waste, tanneries 

Mn Municipal wastewater discharges, sewage sludge, 

mining and mineral processing, emissions from alloy, 

steel, and iron production, combustion of fossil fuels 

and to a much lesser extent. 

Ni Volcanic eruptions, landfill, forest fire, bubble bursting 

and gas exchange in ocean, weathering of soils and 

geological materials, industrial effluents, kitchen 

appliances, surgical instruments, steel alloys, 

automobile batteries 

 

 

 

Many organizations and institutions such as the Food 

and Agriculture Organization (FAO), World Health 

Organization (WHO) and European Union (EU) from 

different countries have been established about the 

maximum permitted concentration of heavy metals in 

foodstuffs including fish and other seafood (Chary et al. 

2008; Xue et al. 2012). For example, European Union 

(2006) reported that the maximum tolerable limit (MTL) of 

lead (Pb) in the edible tissues of fish is 0.3 mg/kg where Cd 

and Hg were about 0.05-0.30 and 0.5-1.00 mg/kg wet 

weight respectively depends on the type of fish. Heavy 

metals such as Pb, Cd, and Hg are categorized as non-

essential elements and they are very toxic and harmful to 

individuals and aquatic organisms, even at small levels 

(Thomas et al. 2009; Zheng et al. 2011; Bourliva et al. 

2018). While, Zn, Mn, Cu, and Ni are essential elements 

due to their important function in biological systems (Stern 

et al. 2007; Fernandes et al. 2008). The dose-response 

curve for essential metals is U-shaped due to those metals 

that have both deficiency and copper excess which produce 

adverse health (Stern et al. 2007). 

Zn is a ubiquitous trace element and one of the essential 

elements that important to humans and plants. Zn is known 

as a cofactor to more than 300 enzymes that involved in 

RNA and DNA metabolism, and it is also important in the 

structural stabilization of a large amount of proteins (Song 

et al. 2010; Chasapis et al. 2012). When exceeding amounts 

are present, Zn becomes toxic (Krishna et al. 2014; Kastury 

et al. 2017) but a deficiency of Zn can lead to several 

disorders (Scherz and Kirchhoff 2006). such as results in 

poor pregnancy outcomes (King 2000; Uriu-adams and 

Keen 2010) and development of chronic diseases, including 

cardiovascular disease (Messner et al. 2009; Afridi et al. 

2011) and also cause cancer (Kazi et al. 2010).  

Fe is essential element for every living cell and 

necessary for the synthesis of many enzymes, myoglobin, 

and hemoglobin in the blood. The result deficiency of iron 

can lead to weakness, susceptibility, and inability to 

concentrate and other symptoms (Akoto et al. 2014). 

Anderson and Fitzgerald (2010) reported that one of the 

most common nutrient deficiencies in the world is Fe 

deficiency in anemia such as malaria. Anaemia disease 

gives poor performance in circulatory transport and also 

reduces oxygen supply to muscle, less efficiency due to the 

decreasing of myoglobin content and impairing endurance 

capacity (Erdman et al. 2012). 

Cu is an essential metal of enzymes and necessary for 

hemoglobin synthesis (Sivaperumal et al. 2007). Impaired 

delivery of Cu can result in decreased cuproenzyme 

activity, the skeletal and vascular systems Failla et al. 

(2001), and also cause anemia, neutropenia, and 

osteoporosis (Angelova et al. 2011). Impaired metabolism 

of Cu could cause two genetic diseases which are Mense 

disease and Wilson disease. Accumulation of Cu can 

expose to the Mense disease which is a fatal disorder (Gu 

et al. 2002; Ameh and Sayes 2019). Wilson disease also 

could occur due to Cu accumulates in the brain and eyes in 

the form of Kayaer-Fleischer ring (Sarkar 1999; Attri et al. 

2006). Excessive intake of Cu also could cause kidney 

damage and even death (U.S. Department of Health and 

Human Services 2004). 

Mn has a biological significance due to its ability to 

prevent heart attack, stroke, and cardiac arrest, which is 

also an element of low toxicity. Deficiency of manganese 

can lead to poor growth performance, congenital 

malformations in offspring, and low efficiency of the 

reproductive system (Goldhaber 2003). However, it’s 

become dangerous and toxic at high concentrations and 

usually may lead to neurologic and psychologic disorders 

(Perl and Olanow 2007; Saha and Zaman 2013). Normally, 

nickel (Ni) is an essential metal and occurs at very low 

levels in the environment. However, a deficiency of Ni in 

humans has not yet been reported and documented 

(Barceloux 1999). Ni is known to be carcinogenic 

(Salnikow and Kasprzak, 2005). Moreover, fibrosis, 

tumors, lung inflammation, and emphysema occur also 

caused by Ni (Forti et al. 2011).  

Cr is an essential trace element in some aquatic animals 

and humans. Cr may reduce body fat and also improve lean 

body mass. However, their effects are small compared to 

those of a well-balanced diet and exercise (Roussel et al. 

2007; Tulasi and Rao 2014). But it could have an 

undesirable fatal effect in excess amount. Lack of Cr can 

affect the growth and disturbances in glucose, lipid, and 

protein metabolism (Akoto et al. 2014). According to 

Stipanuk and Caudill (2012), they found that 12 out of 15 
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studies showed a positive effect on the relationship 

between Cr and impaired glucose tolerance based on a 

meta-analysis. 

Besides, Hg is a non-essential element. The levels of 

Hg increase due to the increases in fish size (Burger and 

Gochfeld 2011). Toxicity of Hg can damage the organ in 

fish (Sary and Mohammadi 2011; Krishna et al. 2014; Abu-

Dieyeh et al. 2018). While, in humans, Hg can cause the 

development of fetus destroyed due to their toxicity and 

also considered as a carcinogen (Ikem and Egilla 2008). 

While, Vettori et al. (2003) studied that neuronal loss in the 

cerebellum granule layer and damage of discrete visual 

cortex area occurs in adult brain due to Hg poisoning. 

Emami-Khansari et al. (2005) also stated that Hg is a 

human toxicant and become primary source of human by 

eating fish. 

Food consumption is the main source of exposure 

cadmium (Cd) in the human body. Cd is known as an 

endocrine disturbing substance and it is well documented 

that Cd can cause to develop breast cancer and prostate 

cancer in humans (Saha and Zaman 2013). Cd also causes 

damage in kidney, hypertension, tumors, poor reproductive 

performance, and hepatic dysfunction (Rahman and Islam 

2010; Al-Busaidi et al. 2011; Hao et al. 2013).  

In addition, lead (Pb) is a naturally-occurring and 

industrially-produced element that is very toxic to the 

human, especially children (Koyashiki et al. 2010; Kastury 

et al. 2019). Children are the most vulnerable to Pb because 

having less effective renal excretion and greater absorption 

of gastrointestinal. The fetal brain presents a greater 

sensitivity to the toxic effects of Pb compared to the mature 

brain (Schnaas et al. 2006). Umar et al. (2001) stated that 

symptoms of intestinal cramps, anemic condition and fatigue 

caused by poisoning of Pb. Lead also can cause nephrotoxicity 

and neurotoxicity (García-lestón et al. 2010). 

Nowadays, Arsenic (As) is widely spread in the 

environment due to both natural and anthropogenic 

processes (Rahman et al. 2012). As is a carcinogen and 

potent toxicant. As also has potential to destroy 

communities of ecological systems (Sadiq et al. 2003). 

Toxicity of as depends on the speciation (Devesa et al. 

2008) and trivalent as (III) has the greatest toxicity. 

According to ATSDR (2000), mono and dimethyl arsenic 

have low toxicity. 

STUDIES ON HEAVY METALS IN FISH AND 

OTHER AQUATIC ORGANISMS IN KARACHI 

COAST 

Pakistan has geologically and ecologically diverse 

coastline dissected by harbors, estuaries, bays, and creeks 

exhibiting wide characteristics in the marine species. 

Unfortunately, the littoral state of Pakistan is facing many 

environmental issues as increasing pollution and human-

induced environmental changes particularly fishing, coastal 

aquaculture, waste disposal, industrial activity, agriculture, 

domestic effluents, salt making, unplanned tourism, etc. 

Contaminated ecosystem destroys the life of aquatic 

animals and decreases the market value of seafood products 

and increase in bacterial diseases (Kamal et al. 2015b; 

Shahab et al. 2016; Ahmed et al. 2017a; Chandio et al. 

2018; Ahmed et al. 2019). 

Karachi coast is a very important coast for its 

dimensions and economic activity. There are over 11000 

industrial units (CDGK 2012) present, more than 2000 

units in Federal-B-Area, 2571 units in Korangi zone, 2000 

units in North Karachi, 1200 units in Landhi zone, and 

4000 units in Mangopir zone in Karachi (Aziz and Khan 

2014; Ahmed et al. 2018c; Mujeeb et al. 2020) Figure 1. 

By the Karachi coastline ever-growing pollution level, 

which is linked to the increase of the shipping industry 

through the Karachi port, is severely contaminating the 

mangrove, forests, and marine life (Ahmed et al. 2018c; Ali 

et al. 2019). The dumping of wastes on the coast provides a 

major source of heavy metal input (Khattak et al. 2012; 

Mukhtar and Hannan 2012; Chaudhary et al. 2013; Ahmed 

et al. 2018c). The important sources of heavy metals 

pollution are industrial activities and dumping of land-

based wastes into the river and coasts of the sea. Especially 

in Pakistan and other countries such as India and 

Bangladesh most industries are converged on the 

riverbanks of big cities (Khan et al. 2011; Hasan et al. 

2013; Jilani 2015; Hossain and Islam 2019). Not only these 

countries but all the coastal countries are exposed to heavy 

metal pollution. In the coastal areas, heavy metal 

contamination is found in seawater, sediment and aquatic 

organisms, causing a health risk (Kazmi and Zubair 2014; 

Elahi et al. 2015; Devault et al. 2017; Ahmed et al. 2018c). 

The investigation of heavy metals (Zn, Fe, Cu, Cd, Hg, 

As, Cr, Ma and Ni) in different aquatic organisms on 

Karachi coast has been reported in numerous earlier studies 

such as Thunnus spp. (Yousuf and Ahmed 2010; Ahmed et 

al. 2012; Ahmed et al. 2015a), Pongamia pinnata (Shafiq 

et al. 2012), Fenneropenaeus penicillatus (Kamal et al. 

2015a), Rastrelliger kanagurta (Yousuf and Ahmed 2011; 

Ahmed et al. 2014a; Ahmed and Bat 2015; Ahmed et al. 

2016b), Holothurians spp. (Ahmed et al. 2017b; Ahmed et 

al. 2018b), Ohshimella ehrenbergii and Stolus buccalis 

(Ahmed et al. 2019) (Table 2, Figure 2). Heavy metals are 

being utilized in a variety of ways in industries, agriculture, 

food processing and household in many forms. The present 

study deals with the findings of various investigators on the 

effect of heavy metals on fish and other aquatic organisms 

in Karachi. The polluted areas (rivers and Karachi coast) 

receive effluents from industrial, agricultural, municipal 

and domestic sources (Ali et al. 2014; Iftikhar et al. 2018). 

The order of abundance of the metals were as fellow; Fe > 

Zn > Cu > Mn > Cd > Pb > Cr > Ni >  Hg > As. Pb is a 

neurotoxic metal that causes many behavioral defects in 

biotic samples, as a result of which decrease in survival 

growth rates and metabolism occur. The main source of Pb 

in the present geographical locale could be the 

contamination from Ibrahim Hyderi coast. The discharge of 

industrial waste of Korangi industrial trading estate (KITE) 

and Gizri Creek causes the increase Pb concentration along 

with the littoral states of Ibrahim Hyderi (Khwaja et al. 

2012; Kamal et al. 2015a). 
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Figure 1. Map of the study area in Karachi Coast, Pakistan 

 

 

 

 
 

Figure 2. Accumulation of heavy metals (mg/kg) in fish and other aquatic organisms, Karachi Coast, Pakistan 

 

 

Heavy metal loaded aquatic systems may affect the 

food chain of inhabitant fish species. It is reported by many 

researchers that heavy metal pollution in aquatic 

ecosystems is often more reflected by high metal levels in 

sediments, macrophytes, and benthic animals than by 

elevated concentrations in water (Van Hassel et al. 1980; 

Ashraf et al. 2019). Heavy metal accumulation and its 

effects on fish are very much complex to elucidate because 

of dynamic nature of aquatic ecosystems. 

Aquatic animals mainly the phyla crustacean species 

are the bio-indicators of toxic materials because 

invertebrates have more tendencies to accumulate 

contaminants as compare to fishes (Balfour et al. 2012; 

Kamal et al. 2015b; Ahmed et al. 2017a). Hazardous 

material from the surrounding continuously enter in fresh 

and marine environment and deposit in biota from where it 

subsequently transferred in to human through the food 

chain and when the concentration of these substances 

reaches to a certain level, it becomes toxic (Gokoglu et al. 

2008; Copat et al. 2013; Goretti et al. 2016). 
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Table 2. Levels of heavy metal in edible tissue of fish and other aquatic organisms from Karachi Coast, Pakistan 

 

Species 
Determination 

techniques 
Unit 

Metals References 

Zn Fe Cu Pb Cd Hg As Cr Mn Ni Co  

Thunnus tonggol AAS µg g-1 0.43±0.28 

17.47±7.56 

0.98±0.49 

1.81±0.712 

8.27±5.79 

10.29±3.33 

     0.05±0.02 

12.57±7.86 

  Yousuf and Ahmed 

2010 

Rastrelliger kanagurta AAS µg g-1 4.53-12.71 5.89-12.74 1.94 -9.81      0.17-3.67   Yousuf and Ahmed 

2011 

Thunnus albacares AAS µg g-1 12.64-44.50 13.36-2.78 1.68-9.82 0.21-0.80 0.02-0.75    2.10-9.98   Ahmed et al. 2012 

Rastrelliger kanagurta AAS µg g-1 9.41±3.14 

2.96±1.22 

18.92±13.12 

56.17±24.23 

8.21±3.37 

2.03±2.23 

     6.15±4.44 

1.42±1.20 

  Ahmed et al. 2014a 

Euthynnus affinis AAS µg g-1 16.33± 2.26 

6.56± 1.06 

 6.63± 1.65 

2.36± 1.78 

0.54± 0.15 

0.06± 0.05 

0.50 ±0.17 

0.14 ±0.12 

      Ahmed et al. 2014b 

Coryphaena hippurus AAS µg g-1 4.13  2.92  0.18     0.40  Ahmed and Benzer 2015 

Fenneropenaeus penicillatus AAS µg g-1 6.83-23.83  4.94-10.08 0.05-0.07 3.57-10.79       Kamal et al. 2015a 

Lobster sp AAS µg g-1 7.96-173.61  4.65-55.56         Kamal et al. 2015b 

Thunnus tonggol AAS, 

Aanalyst 700 

µg g-1 3.89±2.23 36.43±11.41 23.35±11.47 0.27±0.12 0.71±0.3   0.35±0.20 1.29±1.08 0.35±0.1

2 

 Ahmed et al. 2015a 

Scomberomorus commerson AAS µg g-1 3.17-9.43 23.71-44.40 2.78-6.83 0.14-0.57 0.19-0.68   0.14-0.51 1.30-2.20   Ahmed et al. 2015b 

Rastrelliger kanagurta AAS mg kg-1      0.01-0.09 

0.042±0.023 

     Ahmed and Bat 2015 

Macrophthalmus depressus AAS mg kg-1 88.38 259.9 86.5 102.64 2.04   11.94  31.17 9.72 Siddiqui and Saher 2015 

Pampus argenteus AAS mg kg-1  4.952 0.189 0.569 0.041       Yasmeen et al. 2016 

Pomadasys maculatus AAS mg/kg    0.54 ± 0.05 0.59 ± 0.05       Ahmed and Bat 2016 

Acanthopagrus arabicus AAS mg/kg  20.16-63.52  0.1-0.52 0.23-0.88       Ahmed et al. 2016a 

Rastrelliger kanagurta AAS µg g-1    0.32±0.26 0.31±0.29   0.37±0.26    Ahmed et al. 2016b 

Austruca sindensis AAS µg g-1 71.86 1009.9 36.33 44.08 1.39   121.6  50.89 11.52 Saher and Siddiqui 2017 

Drepane longimana AAS Aanalyst 

700 

mg/kg 7 5.6 3.5 0.007 0.07    2-5   Ahmed and Bat 2017 

Holothurians sp AAS Aanalyst 

700 

µg g-1 11-46 14-73 0.43-8.93 0.52-3.02 0.11-2.67    0.76-7.12   Ahmed et al. 2017b 

Katsuwonus pelamis AAS µg g-1 2±1 

7±2 

16±6 

46±17 

3±1 

7±2 

     4±1 

6±2 

  Ahmed et al. 2017c 

Trichiurus lepturus AAS µg g-1 20.34±8.49 7.72±47.84 2.23±1.16 0.20±0.16 0.42±0.19    0.57±0.36   Ahmed et al. 2018a 

Lepturacanthus savala AAS µg g-1 16.63±9.25 85.11±57.64 2.53±1.90 0.23±0.18 0.47±0.20    0.47±0.27   Ahmed et al. 2018a 

Holothuria arenicola AAS mg/kg      0.018      Ahmed et al. 2018b 

Holothuria pardalis AAS mg/kg      0.026      Ahmed et al. 2018b 

Holothuria verrucosa AAS mg/kg      0.024      Ahmed et al. 2018b 

Holothuria atra AAS mg/kg      0.036      Ahmed et al. 2018b 

Otolithes ruber AAS µg g-1 3.34±1.19 4.23±1.38 0.33±1.14 0.02±0.01 0.46±0.06    0.28±0.18   Baloch et al. 2018 

Crustaceans AAS mg/kg 113.71  45.92 4.78 0.66   30.89  72.71 72.8 Saher and Kanwal 2018 

Ohshimella ehrenbergii AAS Aanalyst 

700 

mg/kg      0.0176      Ahmed et al. 2019 

Stolus buccalis AAS Aanalyst 

700 

mg/kg      0.0155      Ahmed et al. 2019 
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International limits 

              

WHO   40 100 30 2 0.5 - - - - -  WHO 1989 

FAO   30 - 30 0.5-6 1 - - 5 - -  FAO 1983 

USA   75 11 6 1 1 - - - - 6  Cohen et al. 2001 

European Community   - - - 0.2 0.05 - - - - -  EC 2005 

England   50 - 20 2 0.2 - - - - -  MAFF 2000 

EU lmits   - - 10 0.1 0.1 - - - - -  EU 2001 
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Previous investigations have shown declined condition 

of aquatic environment on Karachi coast, due to heavy 

metals contamination which is one of the most critical 

environmental issues in Pakistan and worldwide (Shaheen 

et al. 2016). The main source of Cu and Zn metals in the 

present geographical location could be the effluents of Bin 

Qasim thermal power plants, seaport activities, industrial 

effluents of SITE (Sindh Industrial Trade Estate) through 

Layari River, and unloading of raw materials for Pakistan 

steel mill; which is further fractionated into water, seaweed 

and sediments. Industrial effluents coming through Malir 

River, sewage water and oil refinery situated in the coastal 

region are the other sources of Cu and Zn contamination 

(Kamal et al. 2015a; Shahid et al. 2016).  

Major source of copper contamination in marine 

organisms is via food chain rather seawater. Thus 

increasing ambient pollution levels in water do not directly 

affects the marine life. Copper is considered highly toxic 

metal after mercury and silver for marine life because of 

the existence of a number of detoxifying and storage 

systems for Cu (Mitra et al. 2012). 

Cadmium is mainly concerned pollutant because it is 

very much toxic metal to aquatic organisms. Cadmium is 

absorbed in excess by human being through seafood and 

tends to accumulate mainly in liver and kidneys (Kamal et 

al. 2015; Ahmed et al. 2018a). The main source of 

cadmium contamination along the coastal areas is 

electroplating and industrial waste because it is an 

important metal with industrial applications. 

This review was carried out to provide information on 

heavy metal concentrations in fish and other aquatic 

organisms on Karachi coast, Pakistan. The findings of 

various investigators on the effect of heavy metals on fish 

and other aquatic organism in Karachi were as follow; Fe > 

Zn > Cu > Mn > Cd > Pb > Cr > Ni > Hg > As. Fish and 

other aquatic organisms are used as a bio-indicator to 

evaluate the health of aquatic ecosystems since heavy 

metals accumulate in food, that it would be useful to carry 

out in detailed, extensive observations to monitor this 

situation in the future in (Rivers and Karachi coast) 

especially around the industrial, agricultural, municipal and 

domestic and polluted areas and their impact on the 

environment. 
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Abstract. Shahi M, Jaberhashemi SA, Hanafi-Bojd AA, Akbari M, Rafinejad J. 2021. Faunistic study on scorpions and their health 

impact in Bashagard County, Hormozgan Province, Southern Iran. Nusantara Bioscience 13: 85-90. Scorpion sting is a major public 

health problem in tropical and subtropical countries, endangering thousands of lives annually. About 2300 scorpion sting cases including 

several deaths are reported from Hormozgan Province annually. This study aimed to determine the fauna of scorpions and 

epidemiological aspects of scorpion sting in one of the high-risk areas in this province. Scorpions were collected by diurnal searching 

and night catch using UV light during 2015-2016. Clinical and demographic data of scorpion sting were obtained from Hormozgan 

Health Center using the checklist of the Center for Disease Control (CDC) archive during the study period. Data analysis was performed 

using SPSS 21 software. A total of 382 scorpions comprising of 9 species belonging to Buthidae (76%) and Hemiscorpiidae (24%) 

families were collected and identified as Mesobuthus phillipsi, Androctonus crassicauda, Hottentotta sistanensis, Compsobuthus 

persicus, Hemiscorpius acanthocercus, Orthochirus farzanpayi, H. acanthocercus, and Odontobuthos sp. The most abundant species in 

the study area was M. phillipsi. During 2015-2016, a total of 1221 scorpion sting cases including four deaths were recorded in 

Bashagard County, while most of the cases occurring during summer. The climate of the eastern regions of Hormozgan Province 

provides a suitable habitat for one of the deadliest genera of scorpions, i.e. Hemiscorpius. This genus is the main cause of death due to 

scorpion sting in these regions. It is thus necessary to design appropriate programs for the prevention and treatment of scorpion sting, 

including health education programs for both community members and healthcare personnel. 

Keywords: Faunistic, scorpion sting, Hemiscorpius, health, Iran 

INTRODUCTION 

Scorpion sting is a major public health problem in 

tropical and subtropical countries, which endangers 

thousands of lives annually. Factors such as geographic 

location, lifestyle, socioeconomic status, housing, health 

care, and the type of scorpion species native to each 

geographical area have variable effects on the incidence of 

a scorpion sting ( Kassiri et al. 2012). Most of the deadly 

scorpions are found in North Africa, the Middle East 

(Androctonus, Buthus, Hottentotta, and Leiurus), India 

(Mesobuthus), America (Tityus), and Mexico 

(Centruroides) (Prendini and Wheeler 2005). Species 

diversity and distribution of scorpions are affected by the 

climatic conditions of each geographical area. Information 

on the distribution of scorpion species in some areas of Iran 

is very limited.  

Most of the cases of death due to scorpion stings are 

reported from the southern and southwestern areas of the 

country (Dehghani et al. 2010; Vazirianzadeh et al. 2013; 

Mousavi et al. 2015).  Khuzestan, Hormozgan, and Kerman 

provinces are the most important foci of scorpion sting in 

the southern part of Iran, and several cases of death due to 

scorpion sting reported in these provinces every year 

(Radmanesh 1990; Pipelzadeh et al. 2007; Dehghani and 

Fathi 2012; Mousavi et al. 2015; Dehghani et al. 2016; 

Shahi et al. 2016). Androctonus, Hottentotta, Mesobuthus, 

Odontobuthus, and Hemiscorpius genera are the dangerous 

scorpions to humans found in the southern part of Iran 

(Jalali et al. 2010). 

 Hormozgan Province is among the high-risk zones of 

scorpion sting. Previous studies found 22 scorpion species 

in this province (Navidpour et al. 2013; Shahi et al. 2016). 

Hemiscorpius species such as H. acanthocercus, H. 

enischnochela, H. gaillardi, H. persicus, and H. lepturus 

are the most lethal scorpions in this Province (Shahi et al. 

2015;2016). Nevertheless, little information is known about 

the fauna and distribution of scorpion species in some high-

risk areas in the south of the country. Annually, about 2300 

scorpion sting cases including several deaths are reported 

in Hormozgan Province. This study was designed to 

identify the deadliest scorpion species and their distribution 

in Bashagard County in the Northeast of Hormozgan 

Province, as well as the epidemiological aspects of 

scorpion stings in this area. 
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MATERIALS AND METHODS 

Study area 

Bashagard County, located in the east of Hormozgan 

Province, Iran (Figure 1) consists of three rural districts, 

two cities, and 166 villages. According to the 2016 census 

in the country, Bashagard County has a population of 

40,007 people. The center of this county, Sardasht, is 

located at 26o 21' N and 57o 54' E. This county is 1480 m 

above sea level (ASL) and has a land area of 9,209 km2. It 

is located in a mountainous area with a dry and hot climate. 

The average rainfall in this county is about 200 mm per 

year, and the minimum and maximum temperatures range 

between 7 to 45 oC. The study was conducted in five main 

sites, selected based on geographical direction including 

north, south, east, west, and the center of Bashagard 

county. Geographical coordinates of the five main study 

sites are as follow: Goharan: 26° 36' 13.42'' N, 57° 53' 

16.67'' E, 941.56 m ASL; Gafr: 26° 14' 18.54'' N, 58° 12' 

40.63'' E, 564.44 m ASL; Paramon: 26° 29' 27.38'' N, 58° 

15' 2.61'' E, 842.42 m ASL; Jagdan: 26° 26' 12.35'' N, 57° 

44' 20.11'' E, 908.48 m ASL; Sardasht: 26° 27' 33.06'' N, 

57° 54' 1.52 E, 716.57 m ASL (Figure 1). 

Scorpion samplings 

Scorpions were collected from their habitats by diurnal 

searching and night catch using UV light, between 

September 2015 and October 2016 (Figure 2). The 

specimens were preserved in 75% ethanol alcohol and kept 

in the Medical Entomology laboratory of Bandar Abbas 

Health School. Geographical coordinates were recorded by 

a GPS device (GarminR). Scorpions were identified using 

an identification key (Navidpour et al. 2013) in the Medical 

Entomology laboratory of Bandar Abbas Health School, 

Hormozgan University of Medical Sciences. 

Scorpion sting data 

Clinical and demographic data of scorpion sting were 

obtained using the checklist of the Center for Disease 

Control (CDC) archive in Hormozgan Health Center during 

2015 and 2016. Demographic data included sex, age, 

geographic location, site of the sting, and patient outcome. 

Data analysis was performed using SPSS 21 software, and 

graphs were drawn using Excel. 

 

 

 

 

 
 

 

Figure 1. Map of study area in Bashagard County, Hormozgan Province, southern Iran 
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Figure 2. Natural habitats of scorpions in the study area, Bashagard County, Hormozgan Province, southern Iran. A. Compsobuthus, B. 

Hottentotta, Hemiscorpius, C. Hemiscorpius, Mesbuthus, Orthochirus, D. Odontobuthus 
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RESULTS AND DISCUSSION 

A total of 382 scorpions comprising 9 different species 

belonging to Buthidae (76%) and Hemiscorpiidae (24%) 

families were collected and identified. M. phillipsi (N=126) 

was the most abundant species in the study area, and A. 

crassicauda (N=1) and O. bidentatus (N=2) were the least 

abundant species (Figure 3). Mesobuthus (N=178) was the 

most dominant genus. The percentage of male (N=254) and 

female (N=128) scorpions were 66.5% and 33.5%, 

respectively. We identified H. schach (N=15), C. persicus 

(N=8), H. acanthocercus (N=109), and O. farzanpayi 

(N=21) for the first time in Bashagard County. Mesbuthus 

phillipsi, H. acanthocercus, and O. doriae were the most 

widely distributed species. H. acanthicercus was collected 

in all sampling sites (Figure 3). 

During 2011-2015, a total of 1221 cases of scorpion 

sting were recorded in the health center of Bashagard 

County including four deaths. Figure 4 shows scorpion 

sting cases in different months, with the highest number of 

cases being recorded in August (Table 1). 

About 96.4% of cases occurred in rural areas, whereas 

only 3.6% occurred in the urban areas (P<0.05). Females 

(59.6%) were stung more than males (40.4%) during the 

study period (P<0.05). Table 1 shows the frequency of 

scorpion stings in different age groups. Most of the 

scorpion sting cases occurred in the age group 10-24 years 

(P<0.05). 

Figure 5 shows the most common sites of scorpion 

sting. The foot of patients represented the most common 

site (38.4%) for scorpion stings (Figure 5). 

 

 

 

 

 
 

Figure 3. Species composition of scorpions in Bashagard County, 

Southern Iran, 2016 
 

Figure 5. Scorpion sting in different parts of the body, Basaghard 

county, Southern Iran, 2011-2015 

 

 

 

 

 
 

Figure 4. Monthly scorpion sting cases in Bashagard County, Southern Iran, 2011-2015 
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Table 1. Scorpion sting in different age groups, Bashagard 

County, Southern Iran, 2011-2015  

 

Year 
Age group 

Total 
<9 10-24 25-44 45-64 >65 

2011 19 65 32 22 11 149 

2012 44 85 53 30 13 225 

2013 42 88 63 21 12 226 

2014 61 65 70 30 16 242 

2015 74 130 107 53 15 379 

Total 240 433 325 156 67 1221 

Percent 19.60 35.50 26.60 12.80 5.50 100 

 

 

Discussion 

The Southern part of Iran is an important region for 

scorpion sting. Bashagard County is one of the important 

foci in this region. In 2015, 329 cases of scorpion stings 

were reported, resulting in 2 deaths (0.61%). The estimated 

annual number of scorpion stings in the World is 1.2 

million leading to 3250 deaths (0.27%) (Chippaux and 

Goyffon 2008). This report indicates that the mortality rate 

of scorpion sting is high in this county. In some of the 

cases, the scorpion species that stung the victims could not 

be identified, and some of the deaths might have resulted 

from the sting of unknown dangerous scorpion species in 

this county. 

Hemiscorpius acanthocercus is one of the most 

important and deadly scorpion species, which we identified 

for the first time in the study area. In some other studies, 

M. phillipsi was identified as the most abundant species 

followed by H. acanthocercus in Hormozgan Province 

(Monod and Lourenco 2005; Shahi et al. 2016). A case of 

death due to H. acanthocercus sting has been reported in 

Bandar Abbas County (Shahi et al. 2015).  

Hemiscorpius lepturus is the deadliest scorpion species 

in the west and south areas of Iran ( Radmanesh 1990; 

Ahmadizadeh and Razi-Jalali 2006; Shahi et al. 2009; Zare 

et al. 2011; Mohseni et al. 2013). Hemiscorpius lepturus 

envenomation is the main cause of death in the Khuzestan 

Province of Iran (Rahmani and Jalali 2012; Vazirianzadeh 

et al. 2013). Hemiscorpius scorpions are widely distributed 

in the Western and Southern regions of the country 

(Navidpour 2015; Shahi et al. 2015; Dehghani et al. 2016). 

In our study, M. phillipsi was the most abundant 

species. In some studies, conducted in other provinces, 

Mesobuthus genus was reported as the most dominant 

genus in the study areas (Azizi et al. 1998; Dehghani et al. 

2008; Nejati et al. 2014; Dehghani et al. 2016). It seems 

that the climate of the southern areas in Iran provides 

suitable habitat for species belonging to this genus. 

Odontobuthus, a digger scorpion species, was identified 

in all sampling sites in our study. Other scorpion genera 

identified in our study include Odontobuthus, Orthochirus, 

Hottentotta, Compsobuthus, and Androctunus. 

Odontobutus, Hottentotta, and Androctonus are the deadly 

scorpions in Iran (Dehghani et al. 2008; Nazari and Hassan 

2016). 

Hottentotta schach was the largest scorpion observed in 

our study area. The existence of this scorpion in Fars and 

Khuzestan provinces has been reported (Kovařík 2007; 

Navidpour 2012; Vazirianzadeh and Salahshoor 2015). 

This species has limited distribution in Iran, and we 

identified it for the first time in Bashagard County in 

Hormozgan Province. 

Based on the diversity of scorpion species identified in 

the present study, it can be concluded that scorpion fauna is 

very diverse in Bashagard County. This county is located in 

mountainous areas. Research studies have shown that 

mountainous areas have more diverse animal species. The 

main reason is the existence of many shelters and suitable 

habitats for animals in these areas. Results of faunistic 

studies conducted in Iran have shown that mountainous 

areas have richer fauna compared to plains (Azizi et al. 

2001; Haghi et al. 2004; Shahi et al. 2009; Kheirabadi et al. 

2014). 

About 60% of the scorpion sting victims in our study 

were women. This result is consistent with that of another 

study conducted in the country (Kassiri et al. 2012). In 

epidemiological studies on scorpion stings conducted in 

Turkey, Brazil, USA, and Australia, it was observed that 

females are more susceptible to scorpion sting compared 

with males (Isbister et al. 2003; Pardal et al. 2003; 

Forrester and Stanley 2004; Al et al. 2009). Another study, 

however, reported that men are more commonly stung by 

scorpions compared with women in a study conducted in 

Kashan (Dehghani et al. 2010). This difference may be due 

to the type of social activities engaged by women in 

different study areas. In traditional rural societies of 

Bashagard County, women generally do the task of 

gathering firewood for cooking and performing household 

chores. 

In our study, we observed that cases of scorpion sting 

were more common in the age group 10 to 24 years. The 

lowest percentage of stings occurred in patients older than 

60 years. The results of the studies conducted by Talebian 

and Doroudgar (2006), Hoseininasab et al. (2009), and 

Saghafipour et al. (2013) are consistent with that of our 

studies. The 10-24-year age group includes active members 

of society. Job activity increases the risk of scorpion sting 

among people in high-risk areas.  

The most common site of scorpion sting was on the feet 

(38.4%) of patients, followed by hand (35%). This result is 

similar to that of the studies of Pipelzadeh et al. (2007), 

Shahbazzadeh et al. (2009), and Kassiri et al. (2013) 

conducted in Iran.  

We found that most of the cases of scorpion sting 

occurred in August and rural areas. In Baghmalek of 

Khuzestan, 64.8% of scorpion sting cases were reported in 

rural regions (Kassiri et al. 2014). Rafizadeh et al. (2013) 

also reported that 57.7% of scorpion stings occur in rural 

areas. The climatic conditions coupled with the activities of 

the rural dwellers increase the risk of scorpion stings in 

these areas. 

Figure 4 shows an increasing trend in the number of 

scorpion sting cases in Bashagard County during the study 

period (2011-2015). Other studies in the country have 

reported a high number of scorpion sting cases during 

summer (Dehghani and Fathi 2012; Nejati et al. 2014; 
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Khatony et al. 2015). Our result is in agreement with that 

of other studies conducted in Ramhormoz and Kashan. In 

Iran, Turkey, and Morocco, there have been reports on a 

high number of scorpion sting cases during the hot season 

of the year (Talebian and Doroudgar 2006; Abourazzak et 

al. 2009; Uluğ et al. 2012; Karami et al. 2013). Scorpions 

are active in warm seasons, which correlates with the 

increased number of scorpion stings cases during summer.  

The high number of scorpion sting cases in rural areas 

may also be due to the large number of people living in the 

villages. The rural to the urban proportion of the study 

population was 13 to 1. 

In 2015, two cases of death due to scorpion stings were 

recorded in Bashagard County. The patients presented with 

severe hematuria, kidney failure, and DIC before death. 

The victims were aged less than ten years. In a study 

conducted in Bandar Abbas County in Hormozgan 

province, Hemiscorpius sting caused hemolysis, hematuria, 

and renal failure in patients before death (Shahi et al. 

2015). Owing to the similarity in the symptoms presented 

by the patients in Bandar Abbas County and our study area, 

it seems likely that the cause of death due to the sting of an 

unidentified scorpion in Bashagard County was due to 

Hemiscorpius. 

This study showed that the eastern regions of the 

Hormozgan province in southern Iran provide a suitable 

habitat for one of the most lethal scorpions species, 

belonging to the Hemiscorpius genus. It seems likely that 

this genus is the main cause of death due to scorpion sting 

in these regions. Appropriate public health programs are 

necessary for the prevention and management of scorpion 

sting in the study area.  
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Abstract. Lelloltery H, Rumanta M, Kunda RM. 2021. Strategy for marine ecotourism development based on natural resource 

management: Case study in Kotania Bay, Western Seram District, Maluku. Nusantara Bioscience 13: 91-99. The study aimed to 

identify the potential for marine ecotourism in Kotania Bay, and formulated strategies and priorities for developing marine ecotourism in 

Kotania Bay. Data collection on ecological potential consisted of mangrove and fauna vegetation using the line transect method, while 

coastal and marine resources included coral reefs and reef fish using the Line Intercept Transect (LIT) method. Development strategies 

and priorities used the SWOT and AHP methods. The results showed that the potential of coastal natural resources around the Kotania 

Bay consisted of 12 mangrove species belonging to7 families with species diversity index 1.76, and dominated by Rhizophora 

mucronata and Bruguiera cylindrica. The bird species were 33 species belonging to 23 families, with several endemic species such as 

Philemon subcorniculatus, Eulipoa wallacei, Birgus latro, and Pteropus melanopogon. Potential marine water resources consisted of 45 

coral species belonging to 23 genera and 14 families with 10-12 life-forms. The diversity of reef fish species was quite abundant 

consisting of 129 species from 60 genera and 22 families. The sand beach on Marsegu island is a tourist destination that is demanded by 

the tourists. SWOT analysis showed that the potential of coastal and marine natural resources in Kotania Bay is very likely to be 

developed as marine ecotourism. 

Keywords: Ecotourism, Kotania Bay, priority, strategy 

INTRODUCTION 

Maluku is categorized as an archipelago that has 1,450 

islands with high natural resources. Most of these islands 

are small islands that have abundant coastal natural 

resource potentials such as beautiful beaches, mangrove 

ecosystems, coral reefs, fishes, seagrass, and various other 

marine and coastal biota. The resources are very potential 

to be developed but vulnerable to over-used. Therefore, the 

right strategy is needed in the development process so that 

there is no damage to natural resources and it still provides 

significant benefits to the community and the environment. 

One alternative that can be considered is through the use of 

environmental services based on marine ecotourism 

(Baiquni 2013). 

Ecotourism in coastal and marine areas contributes to 

the economy of local communities and supports 

conservation and protection actions of coastal and marine 

ecosystems (Walters and Samways 2001). Efforts to 

develop marine ecotourism in small islands of Maluku can 

be done by considering the very abundant potential of 

natural resources. Baiquni (2013) stated that small islands 

can be ecotourism destinations since they provide abundant 

natural resource potential. The concept of ecotourism can 

broadly minimize negative impacts on the environment, by 

providing positive experiences to the community and 

visitors, then contributing to the benefits of economic 

empowerment to the community (Das and Chatterjee 

2015). 

One of the ecotourism destinations in Maluku is the 

Kotania Bay of the West Seram District. Kotania Bay is 

located among five islands, i.e. Marsegu, Osi, Burung, 

Buntal, and Tatumba. Marsegu and Osi islands are quite 

famous tourist destinations. This is due to the coastal 

natural resources and potential marine in the form of 

mangrove ecosystems, white sand beaches, coral reefs, reef 

fish, seagrasses, and various marine biota. These resources 

can be a potential object and attraction for tourists. The 

area around Kotania Bay is designated as a marine 

conservation area with the status of Marsegu Island Nature 

Tourism Park (Nature Conservation Agency Indonesia, 

2014). 

The potential of coastal natural resources from the 

region is not optimally developed for ecotourism activities. 

This is caused by various factors such as minimal 

infrastructure and the construction of conventional thinking 

about the concept and view of optimal uses of the coastal 

resources. Facts on the ground show that the limited 

government support can be seen from the lack of 

regulations regarding tourism activities. Lack of regulation 

greatly impacts the development process of ecotourism in 

Kotania Bay is getting slower. To develop the potential of 
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these natural resources, a comprehensive analysis is 

required by developing a regional development strategy 

that takes into account the characteristics of the area and 

the conditions of the community. For this reason, 

comprehensive studies are very important to be carried out 

to understand development strategies that will become an 

empirical basis for a policy design of sustainable 

ecotourism. This study aims to identify the potential of 

ecotourism in the Bay of Kotania, and to formulate a 

strategy and priority scale for ecotourism-based 

development. 

MATERIALS AND METHODS 

Study area 

The study was conducted at Kotania Bay areas in 

Marsegu and Osi Islands, Western Seram District, Maluku 

for six months from June to December 2019. The locations 

of sampling sites are shown in Figure 1. 

Data collection 

Data collection consisted of primary and secondary 

data. Primary data collection was done through field 

observations and interviews, secondary data was collected 

through literature studies including data on marine 

conditions, the physical condition of the region, regional 

statistical data, and other supporting data obtained from 

books, journals, and reports related to the study. Data 

collection by interview method was carried out for all 

stakeholders involved including surrounding communities, 

area managers, and local governments. The interview 

method was conducted in a structured manner with a 

questionnaire. Interviews were conducted with people 

directly involved in ecotourism activities in two sample 

villages, i.e. Pelita Jaya and Osi Island hamlet. The number 

of respondents interviewed was 30 peoples for each village.  

Data collection of coral reefs and fish used the line 

intercept transect (LIT) method (English et al. 1997) with 

observations at six stations. Coral benthic was done by 

recording all components along the 50 meters coastline. A 

description of the morphology of coral communities was 

carried out in the life-form category. Mangrove and other 

fauna data collection used the line transect method, by 

making four transects with a length of 500 meters each 

transect. Potential flora and fauna data, observed in the 

same path included species, number of species, species 

diversity, and status of species.  

 

 

 

 
 

Figure 1. The locations of sampling sites in Kotania Bay, Maluku, Indonesia  
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Observations of the coastal characteristics were carried 

out on several parameters related to the suitability of 

coastal tourism following Yulianda (2007) which was 

modified for the study including the types of beach, coastal 

land cover, water bottom materials, dangerous biota 

(carried out by visual observation), and snorkeling around 

the coast. Measuring the width of the beach was using roll 

meters, while the availability of freshwater was measured 

based on the distance of the source of clean water to the 

location where ecotourism activities are carried out. 

Data analysis  

SWOT analysis was carried out for strategic factors that 

affect tourism activities, i.e. internal and external factors. 

Internal factors analysis was carried out using the Internal 

Factor Analysis Strategy (IFAS), while external factors 

used the External Factor Analysis Strategy (EFAS). Based 

on the IFAS and EFAS matrices then a SWOT matrix was 

made (Table 1). From each SWOT element, some elements 

which have the highest or most strategic influence were 

chosen. Analytic Hierarchy Process (AHP), is a method of 

decision making with multiple criteria developed by Saaty 

(1993). To determine the priority of ecotourism 

development programs, and evaluation of ecological, 

economic, social, cultural, and institutional aspects was 

based on internal and external factors that have an 

important value on the ecotourism development strategy 

around the area. The selection of respondents was based on 

a purposive sampling technique with the consideration that 

the respondent can make policy and provide input to 

policymakers (government, private sector, and local 

communities). The AHP analysis uses analysis tools in the 

form of Expert Choice software version 11. 

RESULTS AND DISCUSSION 

Potential of natural resources as marine ecotourism 

objects 

The coastal and marine natural resources in Kotania 

Bay, including the potential of coral reefs, reef fish, 

mangrove ecosystems, and various types of wildlife, and 

white sand beaches as tourist destinations are potential as 

marine ecotourism objects and are in demand by the 

tourists. 

Potential of mangroves and wildlife 

The identification of mangrove ecosystems around 

Marsegu island found 12 species belonging to 7 families, 

dominated by the Rhizophoraceae family, some species 

within the family were Rhizophora mucronata, Bruguiera 

gymnorrhiza, and B. cylindrical, with the diversity index 

1.76, and classified as medium category. This showed that 

mangroves in the Marsegu island region are in a “stable” 

condition. Considering the potential resources, the 

mangrove vegetation can be further developed as an object 

of tourist destination. Ecotourism activities can be carried 

out through the guidance of the interpretation lane. The 

lane interpretation is developed to provide conservation 

education for visitors to know mangrove species so that it 

becomes an educational mode. Fandeli and Muckhlison 

(2009) stated that the observation of flora is a great 

experience for the visitors to learn about the flora and 

climatic conditions that affect the ecosystem. The 

development of interpretation lane in Osi Island was a 

mangrove bridge with a length of 1.2 km and width of 2 

meters, while Marsegu island was provided through the 

lane of mangrove forest in the south Kotania Bay and Pelita 

Jaya Bay. 

Mangrove observation was carried out in conjunction 

with wild animal observation. The observation of animals 

found 33 bird species belonging to 23 families, consisted of 

four species of limited distribution (BST), one endemic 

bird species of Seram island, P. subcorniculatus, and one 

endangered bird species, E. wallacei. Likewise shorebirds 

such as Egretta garzetta, Egretta sacra, Ducula bicolor, 

and Pteropus melanopogon. In addition to the bird species, 

there are mammal species (Pteropus melanopogon) that 

make the mangrove ecosystem as their habitat. The daily 

activity of these species looks like a tourist attraction. 

Another interesting fauna is Birgus latro which can be 

found in several places on Osi and Marsegu islands, and 

various species of wild animals make the mangrove forest 

as their habitat.  

 

 

Table 1. SWOT analysis matrix 

 

    Internal Factors (IFAS) 

 

 

 

External Factors 

(EFAS) 

STRENGTH (S) 

Determined 5-10 internal strength factors 

WEAKNESS (W) 

Determined 5-10 internal weakness factors 

OPPORTUNITIES (O) 

Determined 5-10 external opportunity 

factors 

 

STRATEGY (S-O) 

Strategies that use power to take 

advantage of opportunities 

STRATEGY (W-O) 

Strategies that minimize weaknesses 

to take advantage of opportunities 

THREATS (T) 

Determined 5-10 external threat factors 

STRATEGY (S-T) 

Strategies that use power to overcome 

threats 

 

STRATEGY (W-O) 

Strategies that minimize weaknesses to 

take advantage of opportunities 
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Idajati et al. (2016) stated that the potential of 

mangrove forests with the wild animals can be developed 

into mangrove ecotourism by involving the participation of 

local communities. Besides, Rhormens et al. (2017) stated 

that mangrove ecosystems in protected areas can be one of 

the objects to promote the ecotourism area. This indicated 

that the diversity of mangroves and fauna can be an 

ecotourism attraction. Furthermore, Gunn (1994) reported 

that the diversity of flora and fauna which are endemic and 

frequently found in tropical regions can be the object of 

ecotourism activities. 

Potential of coral reefs and coral fish 

There were 45 species of coral reefs belonging to 23 

genera and 14 families. Closure of coral reefs found in the 

form of hard coral included acropora and non-acropora, 

soft coral, dead coral (dead coral algae), algae, sponges, 

other biotas (OT), and abiotic. Hard coral dominates coral 

cover with a percentage of 69.86%. Based on the value of 

live coral cover, it can be seen that the health level of coral 

ecosystems is in a good category, while the number of 

lifeforms identified was 12. The diversity of coral types 

found around the marine area of Marsegu Island is 

supported by the marine physical condition including 

temperature, salinity, chlorophyll-a, ocean current, and 

brightness level with values of 28.66 °C, 34.10 ‰, 0, 31 

ppb, 0.167 m/sec, and 80% respectively. 

The types of corals found in the Kotania Bay have 

branched growth forms (ACB), such as table (ACT), 

submassive (ACS) with beautiful and attractive colors to 

tourists, especially foreign tourists for snorkeling and 

diving activities. This is in line with Lelloltery et al. 

(2018a) stated that the form of coral growth, coral species 

both acropora, non-acropora, soft coral with interesting 

shapes and colors is a tourist attraction. Burke et al. (2011) 

stated that diving activity is the most popular tourist 

activity because they can enjoy the beauty of coral reefs in 

their habitat. Supriharyono (2007) stated that coral reefs 

have a beauty value that cannot be doubted because of the 

mainstay of marine tourism.  

Based on the observations of reef fish, 146 species were 

found belonging to 64 genera and 21 families. Fish species 

found, based on their function and role, consisted of 16 

species of fish (10.95%), 81 species of major fish 

(55.48%), and 49 species of target fish (33.56%). Fish 

species found have interesting shapes and colors. The 

existence of fish showed that the condition of the coral reef 

is categorized as good (Latuconsina 2015). One species of 

fish whose status is threatened in nature is Cheilinus 

undulatus (IUCN, 1994). The existence of this fish is an 

attraction for the tourists who want to see this fish species 

directly in their habitat. This finding is following Wabnitz 

et al. (2017) who stated that the protection of areas that 

become habitats of endangered species is needed to 

minimize the loss of endemic fish species in their natural 

habitat. 

White sand beach 

The beach which is dominated by white sand can only 

be found on Marsegu island from east to north with a beach 

length of 1.68 km and is currently a location that is in 

demand by both domestic and foreign tourists. The beach's 

general characteristics are 0-3 meters of depths, 20-30 

meters of widths when the low tide, bottom marine 

dominated by sand, and the beach slope is around 7o. 

Coastal land cover is dominated by forest with dominant 

species are Pongamia pinnata, Hibiscus tiliaceus, 

Terminalia catappa, and the northern is dominated by 

shrubs. 

The existence of two wells for providing clean water isa 

little bit far, i.e. about 800 meters. The availability of clean 

water is one of the obstacles in the development of coastal 

tourism in the area, so that supporting facilities are needed 

to meet the needs of clean water for the visitors. The beach 

characteristics, white sand, on Marsegu Island are very 

suitable for ecotourism activities (Lelloltery et al. 2016). 

Socio-economic of the local community 

The local people who live around Kotania Bay belong 

to the coastal community of the Western Seram District. 

They are generally migrants and natives of Seram Island. 

The migrants come from Buton Island, Southeast Sulawesi 

Province, but have inhabited the coastal region of the 

Seram island since their ancestors. Their main livelihood is 

fishermen, so they use marine resources as a source of 

livelihood. To fulfill their basic needs, the community 

carries out seaweed farming and fish ponds. The activities 

of catching fish and utilizing marine resources cannot be 

separated from the lives of local communities. Nikijuluw 

(2003) stated that coastal communities have a high 

dependency and consumption of natural resources. The 

communities are having a low level of education 

(elementary school), and their livelihood consists of 

fishermen (53%), entrepreneurs 26.6%, and the rest are 

civil servants or police, and the army. Based on the age 

level, it is generally in the productive age (86.66%). This 

productive age is related to the potential of the workforce 

in the tourist area. 

The participation of the community is limited to 

providing services such as accommodation, consumption, 

transportation, and tour guides (Lelloltery et al. 2018b). 

Their involvement is still passive, has business planning, 

and depends on the demand of visitors. Though it provides 

employment, business opportunities, additional income to 

the local communities. Damanik (2013) stated that 

ecotourism on small islands creates diverse opportunities, 

i.e. employment, for the communities. The creation of 

employment from ecotourism activities can improve 

economic welfare by forming a symbiotic mutualism 

between local communities and natural areas (Stronza and 

Gordillo 2008). 

Community participation in providing services, i.e. 

shopping activities, to the visitors can provide economic 

benefits. For example, the total expenditure of foreign 

tourists is an average of IDR 979,000/day with a standard 

deviation of IDR 276,036/day. This value is quite efficient 

for the local communities. Lelloltery (2018b) stated that the 

service activities in supporting ecotourism have contributed 

to the income of the local communities. 
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Condition of facilities and accessibility at tourist area 

Tourist facilities are available on the Osi island, i.e. 

accommodation facilities (homestays), transportation 

(motorcycle, cars, and motorboats), restaurants, shops, and 

stalls. The facilities are commonly owned by the local 

communities and managed independently to support 

ecotourism activities. Abdulhaji and Yusuf (2016) stated 

that the facilities available at the tourist area will encourage 

the visitors to come again and enjoy the attractions. To 

date, the condition of tourist facilities faces several 

obstacles including the limited number of sea and land 

transportation, unskilled human resources, and efforts to 

increase human resources so far not yet intensively carried 

out. 

To date, access to tourist areas can be reached by using 

sea and land transportation. The road trip from Ambon city 

takes an hour to the seaport in the Liang village, then 

continued by ferry (ASDP) for 1.5 to 2 hours to the 

Waipirit seaport in Western Seram District. From the 

capital city of West Seram District take the car or 

motorbike for two hours to the ecotourism area. The 

visitors can enjoy along the mangrove forest, it can be done 

on foot or using a motorbike with a travel time of about 20 

to 30 minutes. To explore the marine or visit the small 

islands and white sand beaches on Marsegu island, can be 

reached by traditional motorboats approximately 15 to 30 

minutes. 

Ecotourism development strategy 

Activities to develop an area require strategic planning 

and study of the strategic factors of an organization which 

includes strengths, weaknesses, opportunities, and threats 

(Rangkuti 2002). Strategic factors in developing 

ecotourism in the Kotania Bay area were formulated based 

on a SWOT analysis. Based on these strategic factors, 

strategies and alternative policies were formulated in the 

development of ecotourism. Development policy priorities 

were carried out by AHP analysis. The analysis of strategic 

factors (internal and external factors) and the determination 

of policy priorities are presented as follows: 

Internal factors 

The values of strategic factors as a component of 

strengths and weaknesses in the development of ecotourism 

(Table 2). 

External factors 

The value of strategic factors as a component of 

opportunities and threats in the development of Ecotourism 

is provided in Table 3.  

Based on Tables 2 and 3, the IFAS values for internal 

factors (the difference between Strength and Weakness 

values) was 0.271, while the EFAS values for external 

factors (the difference between the Opportunity and Threat 

values) was 0.11. The IFAS values obtained are positive 

which means cumulatively the strength factor is more 

dominant than weakness, while the EFAS values are 

negative which means the opportunity factor is smaller than 

the threat. Referring to the IFAS and EFAS values, the 

SPACE matrix and ecotourism mapping positions were in 

quadrant II, the strategy that must be applied is the 

diversification strategy (ST). The results of the analysis of 

strategic factors that influence the development of 

ecotourism are summarized in Table 4. Based on the 

matrix, there are four alternative strategies to develop 

ecotourism activities in Kotania Bay, but the results of the 

analysis of strategic factors revealed that the development 

should apply a diversification strategy (ST). 

The results of the SWOT analysis showed that strength 

factors included the diversity of coastal and marine 

resources, with endemic species. Natural resources 

supported by the local wisdom of the community are a 

major force for the region to be developed. Support and 

community participation are factors that influence the 

success of the development of an area to the fullest. Coria 

and Calfucura (2012) reported that collaboration and 

community participation are keys to the success of 

ecotourism. In addition to that government support, high 

accessibility to ecotourism areas, and positive perceptions 

from the local communities are opportunities to increase 

efforts to the development of ecotourism areas. 
 

 

 

Table 2. Internal factors in developing ecotourism potential 

 

Factors Quality Score Value of influence 

Strength Factors    

1. Potential aquatic resources in the form of coral reefs, reef fish, and other 

biota as conservation areas with small island ecosystems 

0.101 4 0.404 

2. Having specific mangrove ecosystem and endemic fauna species 0.094 3 0.282 

3. Having the diversity of objects and tourist attractions 0.085 3 0.255 

4. Having the culture and local wisdom of a typical coastal community 0.084 3 0.249 

5. Support and participation of local communities 0.085 3 0.255 

 Total   1.445 

Weakness Factors    

1. Limited supervision 0.08 2 0.16 

2. Limited supporting facilities and infrastructure within the region 0.101 2 0.30 

3. Promotion and publication of the area have not been done intensively 0.090 2 0.270 

4. Limited human resources both in quantity and quality 0.091 2 0.27 

5. Regional boundary arrangement has not been carried out optimally 0.09 1 0.17 

 Total   1.174 
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Table 3. External factors in developing ecotourism potential 

 

Factors Quality Score Value of influence 

Opportunity    

1. Support of government of Western Seram District for the development of ecotourism 0.101 2 0.202 

2. Positive perceptions from the local communities and visitors related to efforts to 

develop ecotourism 

0.085 3 0.255 

3. Easy accessibility 0.099 3 0.297 

4. The trend of tourist visits is increasing from year to year 0.101 3 0.303 

5. The tourism potential can be a tour package in Western Seram District 0.099 2 0.198 

 Total   1.255 

Threat    

1. There is still environmental damage due to marine and coastal pollution activities 0.135 3 0.405 

2. Logging of mangrove forests    

3. Local communities knowledge is still minimal about the conservation of natural 

resources  

0.106 3 0.314 

4. The dependence of local communities is still high on natural resources 0.084 2 0.168 

5. Limited cooperation and coordination between stakeholders 0.102 2 0.204 

 Total   1.365 

 

 

Table 4. Matrix of SWOT analysis to develop ecotourism based on natural resource management 

 

Internal 

 

 

 

 

 

 

 

 

 

External 

Strength (S) Weakness (W) 

• High potential of coastal and aquatic 

resources 

• Having specific mangrove ecosystem 

and endemic fauna species 

• Having the diversity of objects and 

tourist attractions 

• Having the culture and local wisdom of 

a typical coastal community 

• Support and participation of local 

communities 

• Limited supervision 

• Limited supporting facilities and 

infrastructure within the region 

• Promotion and publication of the area 

have not been done intensively 

• Limited human resources both in 

quantity and quality 

• Regional boundary arrangement has not 

been carried out optimally 

Opportunity (O) Strategy (SO)         Strategy (WO) 

• The support of the Local 

Government of Western Seram 

District for the development of 

ecotourism in the Regional 

Medium-Term Development Plan 

2017-2022 

• Positive perceptions from the local 

communities and visitors related to 

efforts to develop ecotourism 

• Easy accessibility 

• The trend of tourist visits is 

increasing from year to year 

• The tourism potential can be a tour 

package in Western Seram District 

• Developing the potential of coastal and 

marine resources including coral reefs, 

reef fish, and marine biota as a special 

marine ecotourism attraction for beach 

tourism with snorkeling, diving as the 

main attractions 

• Improve facilities or infrastructure to the 

ecotourism area 

• Using the potential of marine resources, 

flora and fauna, and local wisdom of the 

community into a package tour 

• Promote the potential of ecotourism 

through printed and electronic media. 

• Improving the quality of tourism 

products by involving local communities 

• Regional arrangement so that it becomes 

more accountable 

• Increasing intensive supervision of 

ecotourism areas with the support of 

local communities 

• Providing Facilities and Infrastructure 

• Intensifying promotion and publication 

activities  

• Improve the quality of human resources 

• Community empowerment through the 

provision of business capital and the 

establishment of tourism aware groups 

Threat (T) Strategy (ST) Strategy (WT) 

• To date, there is still environmental 

damage due to marine and coastal 

pollution activities as well as 

logging of mangrove forests 

• The knowledge of local 

communities about natural resource 

conservation is categorized as low 

• Communities dependence on 

coastal natural resources is 

categorized as high 

• Cooperation and coordination 

between stakeholders is limited 

• Developing the potential of coastal and 

marine natural resources sustainably 

• Increase participation and empowerment 

of coastal communities 

• Promoting and educating conservation to 

local communities 

• Developing partnerships among 

stakeholders in the effort to manage 

attractions, accessibility, and amenities 

area 

• Increasing the area's security by 

involving local communities, adding 

security personnel, and law enforcement 

• Increasing stakeholder cooperation in 

efforts to safeguard the area 

• Strengthen the role and function of local 

government and local communities 

• Involve non-governmental organization 

(NGO) and the private sector in the 

development of ecotourism 

• Increasing the number and quality of 

human resources through training on 

tourism, environmental conservation in 

supporting the ability of management, 

the community, and the business world 

in the development of ecotourism 
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Other factors which become obstacles in the 

development of ecotourism are limited infrastructure and 

human resources, as well as low promotional activities. 

This condition is caused by the limited involvement of 

stakeholders, especially in providing infrastructure. 

Reihanian et al. (2012) stated that the lack of supporting 

infrastructure may cause ecotourism activities 

unsustainably. Besides, Das and Chatterjee (2015) asserted 

that improving infrastructure can sustainably affect 

ecotourism activities, and improve the living standards of 

local communities. Besides, there are still threats in the 

area in the form of fishing activities by applying 

destructive principles and logging activities to mangrove 

forests. This condition occurs due to very high community 

dependence on coastal and marine resources. Emmanuel 

and Spence (2009) reported that coastal and marine 

communities are highly dependent on marine and coastal 

resources. This causes utilization activities that are not 

environmentally friendly. 

The results of the SWOT analysis showed that threats 

still outweigh opportunities in the region so that strategies 

are needed to overcome threats by optimizing the strength 

of the region. The involvement of local communities in the 

region and the economic benefits received by the local 

community from ecotourism activities are expected to be a 

solution to overcome the problem of community 

dependence on coastal and marine resources. Ghorbani et 

al. (2015) asserted that the collaboration and participation 

of local communities are the keys to guarantee sustainable 

ecotourism. The results of the analysis showed that 

ecotourism activities have not been achieved well in 

Kotania Bay, so that the diversification strategy obtained 

from the SWOT results provides policy direction for 

regional development. 

The diversification strategy (ST) is described in several 

alternative activities, i.e. (i) developing the potential of 

coastal and marine natural resources in a sustainable 

manner, (ii) encouraging participation and empowering 

coastal communities, (iii) promoting conservation 

education to the local communities, (iv) developing 

partnerships among stakeholders in the effort to manage the 

attractions, accessibility, and amenity of the area, (v) 

increase the security of the area by involving local 

communities, law enforcement, and strict regulations 

regarding the management and development of ecotourism. 

Priority ecotourism development in Kotania Bay 

Ecotourism development strategies based on SWOT 

analysis cannot be implemented at the same time due to 

limited funds, time, and human resources, so that it is 

necessary to determine priority programs that must be 

implemented. The determination of priority programs for 

the development of ecotourism areas is carried out by 

taking into account the factors involved, so there must be 

Analytic Hierarchy Process (AHP). The results of the 

pairwise comparison analysis related to the priority of 

ecotourism development are shown in Figure 2. The 

priority of developing ecotourism is implemented in the 

form of implementing activities (Table 5). 

The results of AHP analysis showed that integrated 

natural resource development is a priority of ecotourism 

development activities, which are implemented through 

development activities (Table 5). The priority from 

developing ecotourism is based on the Block system. This 

is intended to map the area so that it is developed following 

the functions and potential possessed. The establishment of 

these blocks facilitates supervision to minimize activities 

that are destructive and in turn increase protection of 

natural resources. 

Besides, the second priority is the participation and 

empowerment of coastal communities. This is intended to 

increase the active role of the local communities in 

ecotourism activities because it has an impact on improving 

the community economy. This condition can be a useful 

tool to minimize community dependence on resources due 

to the availability of jobs. Damanik (2006) reported that 

community participation in ecotourism activities can 

provide benefits to local communities individually or 

collectively as well as direct conservation benefits for 

ecosystems.

 

 

 

 
 

Figure 2. Priority of ecotourism development programs 
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Table 5. Priority of ecotourism development activities 

 

No. Priority development Development activities 

1 Development of potential ecotourism 

objects sustainably 

Development with a block system 

Marine ecotourism block (beach, snorkeling, and diving) 

Mangrove ecotourism block (Path of interpretation on Osi and Marsegu Islands) 

Ecotourism Facility Block (Osi island and Pelita Jaya Village) 

2 Participation and empowerment of 

coastal communities 

Building economic units (Cooperative) 

Formation of business and aware tourists group 

Entrepreneurship training (culinary, souvenirs, etc) 

Training on seaweed cultivation and coral transplantation 

Assistance for business actors 

Determination of tourist villages 

3 Partnership among stakeholders in the 

effort to manage attractions, amenities, 

and accessibility 

Strengthening cooperation and coordination among stakeholders 

Developing promotion of natural resource potential in the Kotania Bay continuously 

through printed and electronic media, by all stakeholders involved 

Implement a "collaborative management" model 

4 Conservation, socialization, and 

education 

Socialization of the concepts of ecotourism and environmental conservation 

Establish the area as a research location 

Establish areas or spots for the protection and preservation of coral reefs 

Encourage the participation of local communities and stakeholders in 

environmentally friendly activities 

5 Improve supervision and law 

enforcement 

Socialization of the rule of law regarding tourism and the environment 

Conducting patrol activities continuously in the Kotania Bay 

Strengthening traditional institutions in the supervision of ecotourism areas in the 

Kotania Bay 

Establish regulations related to the development of ecotourism in the village (Village 

Regulation) 

 

 

 

Table 5 showed that the partnership factors among 

stakeholders, i.e. the promotion of ecotourism programs 

and conservation education as well as intensive supervision 

from various parties are the next priorities that support the 

first and second priorities, so that they become a unity for 

the realization of the concept of sustainable ecotourism. 

Rhormens et al. (2017) reported that sustainable 

environmental monitoring and partnership factors are 

important principles in the management of an ecotourism 

area. This is following the principle of sustainable 

ecotourism is the sustainability of ecological, socio-

cultural, economic aspects and presenting educational 

values to the tourism products offered (Triyuniarthi 2010). 

In conclusion, the potential of coastal and marine 

resources in Kotania Bay has the opportunity to be 

developed for marine ecotourism activities by 

implementing a diversification strategy (ST). A 

diversification strategy is a strategy that utilizes strengths 

and minimizes threats. This strategy is implemented with 

priority activities as follows: (i) developing potential of 

coastal and marine resources sustainably, (ii) participation 

and empowerment of coastal communities, (iii)  

development of partnerships among stakeholders, (iv) 

conservation education for local communities, and (v) 

supervision of the area, with successive values are 24.1%; 

23.6%; 22.9%; 19.2%; and 10.3%. 
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Abstract. Saura EBD, Falcasantos GC, Andante RJM, Munda LC, Alimorong MM, Hernando BJ. 2021. Evaluation of fluctuating 

asymmetry and sexual dimorphism of Channa striata using landmark-based geometric morphometric analysis from Agusan Marsh and 

Lake Mainit in Caraga Region, Philippines. Nusantara Bioscience 13: 100-110. Evaluation was conducted to determine the impact of 

ecological condition to Channa striata using fluctuating asymmetry (FA) employing the landmark-based geometric morphometric 

analysis, using TPS software, SAGE, PAST-Hotellings Test, including Physico-chemical analysis, cyanide and four base metals. Results 

of Physico-chemical analysis of the two habitats showed Agusan marsh with low oxygen level (3.37-4.55) and high in Iron and TDS as 

compared to DENR Standards. The statistical results showed high variations (p < 0.0001) on left and right-side having percentage of 

79.22% in Agusan Marsh and 72.35% in Lake Mainit which is relatively high Fluctuating Asymmetry. In terms of sex, Agusan marsh 

had 84.27% and 85.41% FA in males and females while Lake Mainit having 85.12% and 80.89% in males and females. The fairly 

similar percentage of Fluctuating Asymmetry confirms no sexual dimorphism and no shape differences between male and female, and 

no peculiar characters to distinguished between sexes based on the 17 landmark points. Present study concluded that FA observed in the 

snout tip was due to breeding behavior, the landmark points in cephalic, pectoral, and caudal region were associated with burrowing and 

mobility factors within the lateral line system in these fishes which thrive in high turbid habitat and low oxygen. Furthermore, it was 

found that the level of FA tends to increase in disturbed environs. 

Keywords: Phenotypic Plasticity, Physico-chemical parameters, Procrustes shape coordinates, Variation 

INTRODUCTION 

Character variation among populations describing the 

external morphology and accompanied differences between 

sexes are basic concepts in systematics. The magnitude of 

phenotypic differences such as body shapes, sexual 

dimorphism, and allometry is perhaps a reflection of the 

partitioning between sexes, availability of food, seasonal or 

climatic patterns, inter-relationship among organisms in 

their respective habitat which is often correlated to 

geographical factors (Broadley 1965; Sullivan and Best 

1997).  

The variability of attributes such as body shape, color, 

sizes and related to sex phenotypic characteristics among 

species are annotated as “sexual dimorphisms” (McCombe 

and Greer 2014). Such characteristics lead to an instinct of 

rivalry amongst individuals in the interior of each sex and 

mate selection based on morphological and behavioral 

traits (Ralls and Mesnick 2009; Vitt and Caldwell 2014). 

Geographical variation denotes dissimilarities between 

species in inherently founded characters through the 

habitat’s natural topography. Studies on geographic 

variation of a number of organisms highlight clarity on 

causes and significance of microevolution (Olvido 2012; 

Wu et al. 2015). At the global level, geographic variation in 

phenotypic plasticity is in part due to genetic differences 

acquired via long‐term natural selection to produce 

adaptation to different environments (Niskanen et al. 

2017). The degree of phenotypic plasticity in life‐history 

traits differs among species and these differences are 

adaptive and non‐adaptive in various habitats (Lymbery 

1992; Seigel and Ford 2001). Habitat conditions have a 

tendency to reduce equilibrium stability in the 

developmental aspect of aquatic organisms e.g. small and 

random deviations from bilaterally symmetrical traits 

leading to Fluctuating Asymmetry (FA) (Santos et al. 

2013). Stressed marginal habitats tend to influence 

increasing asymmetry as well as genetic perturbations 

(Parsons 1992). FA has been used as an ecological 

indicator in studies of natural and sexual selection and as a 

reliable bio-indicator tool relevant in environmental 

monitoring and conservation biology (Leary and Allendorf 

1989; Tomkins and Kotiaho 2001; Beasley et al. 2013; 

Coda et al. 2017).  
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Furthermore, landmark-based Geometric morphometrics 

offers a powerful approach in computing morphological 

variables and covariation of shape (Rohlf 2000; Adams et 

al. 2009; Webster and Sheets 2010). Such techniques 

utilize statistical analysis on morphological variables based 

on Cartesian landmark coordinates. The traditional 

morphometrics separates shape from overall size, position, 

and orientation of the landmark configurations and the 

resulting Procrustes shape coordinates are used for 

statistical analysis (Mitteroecker and Gunz 2009).  

The present study was conducted on the fish species 

Channa striata of Channidae (Bloch 1973) commonly 

known as Chevron Snakehead which is a non-native and 

invasive species to Philippines. Though in wild a 

burrowing dweller of bottom of mud lakes, canals, and 

swamps and living and breeding in turbid and low levels 

(Phen et al. 2005; Cagauan 2007), in other cases cultured 

for commercial food production (Guerrero III 2014). These 

fish are capable of limited movement overland by the use 

of a wriggling motion which they use to disperse to new 

water bodies on rainy nights (Sayer 2005). C. striata have 

eyes, but given the turbid habitats they live in, they may 

also use other sensory mechanisms to find prey and mates. 

They have a lateral line system that detects small changes 

in water pressure that help them to be aware of the objects 

moving in the water around them (Kasumyan 2003; 

Musikasinthorn 2004). The capacity of the folds of skin to 

distend is an important adaptation enabling the jaws to 

protrude and assist the fish to engulf relatively large‐size 

prey (Mittal and Agrawal 1994). 

Present study aims to compare the levels of FA, sexual 

dimorphism, and body variations of C. striata collected 

from two separate inland waters Agusan Marsh and Lake 

Mainit of Caraga Region Philippines using landmark-based 

geometric morphometric analysis. These include the 

assessment of Physico-chemical parameters, Cyanide and 

four base metals; Copper, Lead, Zinc, Iron of the study 

area. The study would provide knowledge on the character 

variation of C. striata and give relevant information useful 

in policy making and formulation of ecosystem-based 

management plan to the immediate agency for 

environmental protection in Agusan Marsh and Lake 

Mainit. 

MATERIALS AND METHODS 

Study Area 

The study was conducted in two different types of 

inland waters namely Agusan Marsh, Agusan del Sur, and 

Lake Mainit, Surigao del Norte of Caraga Region, 

Philippines. The ecological aspects were recorded and 

coordinates of the six sampling stations on each area were 

obtained using geocam mobile app, as presented in Table 1 

and a map was generated (Figure 1). 

 
 

 
 
Figure 1. Map of geographically separate habitat of Channa striata (Chevron Snakehead) samples in Caraga Region, Philippines: A. 

Lake Mainit (17,060 hectares showing the six (6) water sampling stations, B. Agusan Marsh (14,835 hectares) showing the six (6) 

sampling stations water on the southern portion. 
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Table 1. Site Characteristics of the sampling stations established in Lake Mainit and Agusan Marsh, Philippines 

 

Sampling areas Coordinates Site characteristics 

Lake Mainit   

Station 1 9° 28' 59'' N 

125° 28' 49'' E 

River mouth of Tagbuyawan, few residents, rocky riverbanks and substrate, diverse plants in 

the sloping areas of the Malimono Mountain range Active fishing and navigation within the 

Lake. Previous site of Cyanide gold processing area in nearby areas. 

Station 2 9° 31' 35'' N 

125° 29' 27'' E 

River mouth of Mayag sedges and grass dominant in the riparian area and shrub plants to trees 

are present in the upland areas, active fishing and navigation were observed, residential areas 

and agricultural land 

Station 3 9° 31' 1'' N. 

125° 33' 2'' E 

River mouth of Magpayang, sedges and grass dominant in the riparian area and shrub plants to 

trees, coconut plants in the upper stream areas and obvious landscape of large scale mining, 

few live stocks, and agricultural lands like rice fields, several residential areas, and 

establishments. Active fishing and navigation. 

Station 4 9o29’54” N 

125o33’45” E 

River mouth of Magtiaco with sandy river banks, sedges and grass dominant in the riparian 

area and shrub plants to trees, coconut plants are present in the upper stream areas and obvious 

landscape of small-scale gold mining, few live stocks, agricultural land like rice fields, several 

residential areas. Active fishing and navigation. 

Station 5 9o23’51”N 

125o32’40” E 

River mouth of Jaliobong, cattails plants dominant in the littoral zone with floating water lilies 

and water hyacinth, Agricultural land and residential areas in the nearby upstream. Active 

fishing and navigation within the Lake. 

Station 6 9o20’20”N 

125o31’11” E 

Kalinawan river as outlet of the lake, cattails dominated the littoral zone, near to the resort, 

nearby areas are present with residents, on-going operation for flood control project in the 

upper stream. 

Agusan Marsh   

Station 1 8o11’16”N 

125o54’50” E 

The lake basin of Mihaba dominated by water hyacinth and few disperse trees agricultural land 

and mining in the nearby environs 

Station 2 8o12’15”N 

125o54’16” E 

Creek outlet of Lake Mihaba riparian vegetation is cattails and sedges with few trees and 

agricultural land and mining in the upper streams. Active navigation was observed. 

Station 3 9o13’16”N 

125o54’29” E 

Near to the intersection of by cattails and sedges with few trees and agricultural land and 

mining in the upper streams. Active navigation was observed 

Station 4 8o10’41”N 

125o53’40” E 

The Loreto river end of mixing to Agusan river, river waters flowing from the northeastern of 

Bukidnon  

Station 5 8o10’48”N 

125o53’44” E 

The neck of three headwaters from Bukidnon, Simulao river and Lake Mihaba drainage creek, 

riparian dominated by tall grass and sedges. Active navigation was observed 

Station 6 9o13’22”N 

125o54’14” E 

Downstream of Simulao River, riparian dominated by cattails and sedges with few trees and 

agricultural land and mining in the upper streams. Active navigation was observed 

 

 

Establishment and collection of water and Physico-

chemical analysis 

The water samples were collected from two 

different types of inland waters in CARAGA region in 

Lake Mainit and Agusan Marsh respectively. Six sampling 

stations were established in each area. The water samples 

were collected through depth of 1-50 cm of the water 

column of each sampling site. The physicochemical 

parameters of each sampling station in every area were 

done using HANNA HI98194 multi-parameter test. Water 

samples were collected @ 0.5 L per sample and placed 

directly in calibrated PET bottles. The bottles were sealed 

tightly and labeled with information of area, station, and 

date of collection and photographed for documentation. A 

total of six bottles with 0.5 L water samples from Lake 

Mainit were collected on 26.11.2018 and another six 

bottles from Agusan Marsh were collected on 05.12.2018. 

The samples were chilled in ice bucket and delivered to 

Philsaga Mining Assay Laboratory, Rosario, Bunawan, 

Agusan del Sur for the analysis of Cyanide and Four Base 

Metals. 

Collection of fish samples and preparation for 

landmarking 

The fresh and live samples of C. striata were obtained 

from the local fishermen folks of Agusan Marsh and Lake 

Mainit. A total of sixty fish samples, out of which thirty 

males and thirty females were collected during 13-

15.11.2018 from Lake Mainit. Another sixty fish samples, 

with equal sex proportion, were obtained on 22.11.2018 

from Agusan Marsh. The length of each fish sample was 

determined by measuring the specimen from its snout down 

to the caudal fin using measuring tape and weighed using 

BATVOX ACS-40 digital weighing scale with 40 kg 

capacity and 1/3000 F.S. precision. The individual fish was 

flanked on a Styrofoam and fins were pinned showing its 

point of origin. Photographs of the left and right side of 

each specimen were taken with canon eos 1200D for land-

marking. Specimens were dissected individually for their 

sex determination. 
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Table 2. Description of the landmark points in the body shape of 

Channa striata adopted and modified from Saura and Andante 

(2018). 

 

Coordinates Location 

1 Snout Tip 

2 End of head length  

3 anterior junction of the dorsal fins 

4 Posterior junction of the dorsal fins 

5 Dorsal insertion of caudal fin 

6 Midpoint of caudal border of hypural plate 

7 Ventral insertion of caudal fin 

8 Posterior insertion of anal fin 

9 Anterior insertion of anal fin 

10 Posterior insertion in the dorsal base of pelvic fin 

11. Anterior insertion in the dorsal base of pelvic fin 

12 Ventral end of lower jaw articulation 

13 Posterior end of maxilla 

14 Anterior margin through midline of orbit 

15 Posterior margin through midline of orbit 

16 Dorsal end of operculum 

17 Dorsal base of pectoral fin  

 

 

 
 
Figure 2. Actualized image of digitized selected landmark point 

of Channa striata. 

 

Selection of Land-marking selection and digitizing 

The images of fish specimens were sorted by sexes and 

the images processed in tpsUtil64 to create *.tps files. The 

resultant tps files were digitized with 17 landmarks using 

tpsDig2 software. The location of the landmarks and 

anatomical descriptions were represented in Table 2 and 

Figure 2. Landmarking was referred to on stickleback fish 

model of anyfish.com. 

Shape analysis  

The Procrustes superimposition was performed on the 

digitized image samples through tps relwarp software by 

subsequently pressing the clickable buttons of the 

consensus, partial warps, and the relative warp scores 

report and was saved for the statistical analysis for sexual 

dimorphism. Further, the digitized images were subjected 

to Symmetry and Asymmetry Geometric Data (SAGE) 

v.1.21 software following the protocols for object 

symmetry which is the landmark pairing protocol and 

matching symmetry, a side identification protocol to 

determine the shape conformation of individual variations 

(symmetric, asymmetric and error) and counting the 

possible covariance. In addition, the SAGE software 

platform provided options for the Principal Component 

Analysis (PCA) which was utilized to determine the 

affected landmark, and only the first four PCA% and 

deformation grid results of C. striata from Agusan Marsh 

and Lake Mainit and respective sexes were obtained.  

Statistical analysis 

The cumulative report saved from relative warp 

analysis was subjected to PAST 3 software for discriminant 

analysis and to derived plot for sexual dimorphisms and 

Hotellings T2 test was used to determine significant 

differences of the sex shape differences. Further, the 

Procrustes method was employed and the significant 

differences of fluctuating asymmetry values respective to 

habitat and sexes were assessed using SAGE v.1.21 

software. Permutation default statistical analysis i.e. 

Procrustes ANOVA procedure for understanding 

interaction and side effects were carried out in SAGE 

software.  

Data analysis 

The physicochemical parameters, content of cyanide, 

and four base metals, Lead, Copper, Zinc, Iron in water 

samples were compared to DENR standards (national water 

quality standards) above or below the maximum 

contamination level. Furthermore, the data of relative warp 

analysis, discriminant analysis, sexual dimorphism, and FA 

obtained from both the sexes of C. striata both Lake Mainit 

and Agusan Marsh were describe and compared. 

RESULTS AND DISCUSSIONS 

Fluctuating asymmetry  

A total of one hundred twenty C. striata fish samples 

were obtained for this study, sixty from Lake Mainit and 

another sixty (60) from Agusan marsh. The length and 

weight of the fish samples from pond and Lake Mainit was 

presented in Table 3. 

 
 

 

Table 3. Total Length and total weight of Channa striata from Lake Mainit and Agusan Marsh collected in the month of November 

2018. 

 

Fish samples N 
Total length (cm) Total weight (g) 

Range Mean SD + SE Range Mean SD + SE 

Lake Mainit 60 30.0-41.9 34.96 2.3 + 0.3 205-480 318.83 64.3 + 8.3 

Agusan Marsh 60 29.5-41.1 36.2 2.8+ 0.3 180-565 391.1 89.7+ 11.6 

Note: N-total number of samples 
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Furthermore, Procrustes method was used to assess the 

FA value of the right and left side of C. striata pooled 

samples both from Agusan Marsh and Lake Mainit are 

presented in Table 4. The individual symmetry and sides of 

Left and Right body shape in Agusan Marsh and Lake 

Mainit were not statistically significant. Out of the three 

effects considered, two effects (Individual and Sides) 

showed high significance (p < 0.0001) in both Agusan 

Marsh and Lake Mainit pooled samples. It indicated the 

incidence of FA in C. striata which was attributed to the 

effects of environmental stressors which can cause 

developmental instability to the species. Similar reports of 

developmental instability caused by the effects of stressed 

environment were observed in goby fish Glossogobius 

giuris from Agusan river samples (Jumawan et al 2016) 

and in the wings of Aedes albopictus from selected 

barangays in Iligan City, Philippines (Quirog and Tabugo 

2015). 

The principal component analysis (PCA) was employed 

on both pooled samples Agusan Marsh and Lake Mainit to 

determined landmark points affected (Table 5). Samples of 

C. striata from Agusan Marsh showed a total of 79.22% of 

FA from PC1-PC4. PC1 showed that all areas covered by 

these landmarks were found to have greater asymmetry. On 

the other hand, Lake Mainit C. striata showed a total FA 

interaction of 72.35% from PC1 to PC4. Affected 

landmarks were greater in PCA 3. This indicated the 

bilateral asymmetry of both male and female species of 

each habitat. The Agusan marsh C. striata population 

experienced a higher level of environmental stress. The 

asymmetrical shape of C. striata from Agusan Marsh and 

Lake Mainit fishes were compared and shown in Figure 3. 

The individual symmetry and sides of left and right 

body shape of male and female in Agusan Marsh and Lake 

Mainit were not statistically significant shown in Table 6 

and Table 7. Both male and female from two populations, 

out of the three effects considered, two shows high 

significance (p < 0.0001) both individuals and sides which 

is depicted. 

 

 
 

Table 4. Procrustes ANOVA results of pooled fish sample of Channa striata from two habitats. 

 

Effect Sum of Squares 
Degrees of 

freedom 

Mean 

square 
F-value p-value 

Agusan Marsh 

Individuals 0.1216 1770 0.0001 3.2236 0* 

Sides 0.0134 30 0.0004 20.8811 0* 

Individual x Sides 0.0377 1770 0 0.06928 1ns 

Measurement Error 0.11075 3600 3.0764 --- --- 

Lake Mainit 

Individuals 0.1922 1770 0.0001 5.8043 0* 

Sides 0.0044 30 0.0001 7.8103 0* 

Individual x Sides 0.0331 1770 0 0.4114 1ns 

Measurement Error 0.16366 3600 4.5462 --- --- 

Note: *highly significant (p < 0.0001), ns not significant. 

 

 

 

Table 5. The results of first four (4) Principal Components of Channa striata from Agusan Marsh and Lake Mainit. 

 

PCA 
Individual 

(symmetry) 

Sides 

(directional 

asymmetry) 

Interaction 

(fluctuating 

asymmetry) 

Landmarks affected 

Agusan Marsh 

PC1 (%) 44.31 100% 43.15 1, 2, 5, 6, 7, 9, 11, 12, 13, 14,15, 16, 17 

PC2 (%) 17.61 18.93 1, 2, 3, 5, 7, 9, 10, 11, 12, 14, 15, 16 

PC3 (%) 13.93 9.69 1, 6, 7, 10, 11, 14, 15, 16, 17 

PC4 (%) 5.83 7.43 2, 5, 7, 8, 9 

Overall% 81.68 79.22  

Lake Mainit 

PC1 (%) 61.01 100% 29.88 1, 2, 3, 6, 10, 13, 14, 15,16, 17 

PC2 (%) 15.69 20.91 1, 2, 7, 9, 10, 11, 12, 14, 16, 17 

PC3 (%) 6.56 12.33 1, 2, 3, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 17 

PC4 (%) 5.17 9.23 1, 2, 3, 5, 9, 11, 12, 16, 17 

Overall% 88.52  72.35  
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Figure 3. PCA implied deformation for individual × side interaction of fluctuating asymmetry of Channa striata from Agusan Marsh 

(first column) and Lake Mainit (second column) (zoom in to see blue arrows implies degree) 

 

 

 

Table 6. Procrustes ANOVA results of Channa striata from Agusan Marsh in terms of sexes. 

 

Effect 
Sum of 

squares 

Degrees of 

freedom 
Mean square F-value P-value 

Male 

Individuals 0.0652 870 0.0001 3.7276 0* 

Sides 0.0075 30 0.0002 12.418 0* 

Individual × Sides 0.0175 870 0 0.6188 1ns 

Measurement Error 0.0585 1800 3.2497 --- --- 

Female 

Individuals 0.0524 870 0.0001 2.69 0* 

Sides 0.0064 30 0.0002 9.8481 0* 

Individual × Sides 0.0195 870 0 0.7712 1ns 

Measurement Error 0.0523 1800 2.9031 --- --- 

Note: *highly significant (p < 0.0001), ns not significant 

 

 

 

Table 7. Procrustes ANOVA results of Channa striata from Lake Mainit in terms of sexes 

 

Effect 
Sum of 

Squares 

Degrees of 

Freedom 

Mean 

Square 
F-value p-value 

Male 

Individuals 0.0761 870 0.0001 4.6312 0* 

Sides 0.0036 30 0.0001 6.2693 0* 

Individual × Sides 0.0164 870 0 0.388 1ns 

Measurement Error 0.0876 1800 4.8652 --- --- 

Female 

Individuals 0.1071 870 0.0001 7.4611 0* 

Sides 0.0032 30 0.0001 6.3652 0* 

Individual × Sides 0.0144 870 0 0.3905 1ns 

Measurement Error 0.0761 1800 4.227 --- --- 

Note: *highly significant (p < 0.0001), ns not significant 
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Furthermore, Table 8 and 9 show the results of 

Principal Component Analysis of C. striata samples in 

terms of sexes from Agusan Marsh and Lake Mainit 

respectively. Both sexes of C. striata sample from Agusan 

Marsh showed close percentage of FA (Male, PC1, 

84.41%) and (Female, PC4,85.41%). PC1 showed that all 

areas covered by these landmarks were found to have 

greater asymmetry in males and PC3 in females. On the 

other hand, Lake Mainit C. striata male showed a total FA 

of 85.12% from PC1 to PC4 and its affected landmarks 

were greater in PCA 1. While in female C. striata had a 

total FA of 80.89% from PC1 to PC4 in which PC3 had 

greater affected landmarks. The asymmetrical shape of C. 

striata from Agusan Marsh and Lake Mainit were 

compared and depicted in Figures 4 and 5. 

The degree of closeness of FA is merely on behavior 

and characteristics and their preferred habitat. As observed 

in the deformation grid and PCA most of the affected 

portion of the body with many and variation was the 

anterior part of the body extended up to the middle areas 

which may be due to burrowing behavior and association 

of the anterior part with the lateral line system of the fish 

which enable them with their predatory skills and ability to 

live in stressed swampy and muddy habitat. The increase of 

Fluctuating Asymmetry variation of C. striata populations 

from two sites was followed by influence of their habitat 

quality. Noteworthy, that the samples from Agusan Marsh 

had higher (7%) difference from Lake Mainit due to the 

fact that observed habitat had high turbidity, and local 

residence also attested that selected sampling rivers and 

creeks within the Agusan Marsh remained turbid 

throughout the year (Primavera and Tumanda Jr. 2008), 

unlike Lake Mainit that had clear waters (LMDA 2018).  

Sexual dimorphism 

Based on the cumulative report retrieved from relative 

warp analysis and discriminant analysis using PAST 

software, the resultant graphs showed overlap in the 

discriminant plot (Fig. 6) meaning shape differences 

between two sexes of C. striata specimens from Agusan 

Marsh and Lake Mainit are minimal. Hotellings T2 test 

results also revealed no significant sexual dimorphism for 

the body shape of the C. striata in all specimens from 

Agusan Marsh and Lake Mainit (Table 10). This is in line 

with the study of Saura and Andante (2018) who showed 

similar less significant sexual dimorphism in C. striata in 

Bunawan, Agusan River. Parker (1992) has pointed 

towards sperm competition, size buffering among other 

features in answer to the sexes being often so alike in size. 

However, some studies reported C. striata females are 

larger than males (Chaudhry 2010; Dumalagan 2017).

 

Table 8. The results of Principal Components of Channa striata from Agusan Marsh in terms of sexes 

 

PCA 
Individual 

(symmetry) 

Sides 

(Directional 

Asymmetry) 

Interaction 

(Fluctuating 

Asymmetry) 

Landmarks affected 

Male 

PC1 (%) 44.68 100% 43.81 1, 2, 5, 6, 7, 9, 11, 12, 13, 14,15, 16, 17 

PC2 (%) 21.90 20.45 1, 2, 3, 5, 7, 9, 10, 11, 12, 14, 15, 16 

PC3 (%) 14.62 12.94 1, 6, 7, 10, 11, 14, 15, 16, 17 

PC4 (%) 5.31 7.07 2, 5, 7, 8, 9 

Overall% 86.51 84.27  

Female 

PC1 (%) 52.62 100% 47.80 1, 2, 3, 6, 10, 13, 14, 15,16, 17 

PC2 (%) 16.57 20.31 1, 2, 7, 9, 10, 11, 12, 14, 16, 17 

PC3 (%) 10.09 9.07 1, 2, 3, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 17 

PC4 (%) 5.31 8.23 1, 2, 3, 5, 9, 11, 12, 16, 17 

Overall% 84.59  85.41  

 

Table 9. The results of Principal Components of Channa striata from Lake Mainit in terms of sexes. 

 

PCA 
Individual 

(symmetry) 

Sides 

(Directional 

Asymmetry) 

Interaction 

(Fluctuating 

Asymmetry) 

Landmarks affected 

Male 

PC1 (%) 54.20 100% 32.81 1, 2, 5, 6, 7, 9, 11, 12, 13, 14,15, 16, 17 

PC2 (%) 19.25 26.02 1, 2, 3, 5, 7, 9, 10, 11, 12, 14, 15, 16 

PC3 (%) 8.05 13.09 1, 6, 7, 10, 11, 14, 15, 16, 17 

PC4 (%) 5.62 7.43 2, 5, 7, 8, 9 

PC5 (%) --- 5.77  

Overall% 87.12 85.12  

Female 

PC1 (%) 67.25 100% 30.39 1, 2, 3, 6, 10, 13, 14, 15,16, 17 

PC2 (%) 14.68 22.07 1, 2, 7, 9, 10, 11, 12, 14, 16, 17 

PC3 (%) 6.59 11.82 1, 2, 3, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 17 

PC4 (%) --- 10.12 1, 2, 3, 5, 9, 11, 12, 16, 17 

PC5 (%) ---  6.49  

Overall% 88.52  80.89  
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Figure 4. The male (first column) and female (second column) fishes from Agusan Marsh with the affected landmarks shown in PCA-

deformation grid. 

 

 
 
Figure 5. The male (first column) and female (second column) fishes from Lake Mainit with the affected landmarks shown in PCA-

deformation grid. 
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Figure 6. Discriminant plot of sexual dimorphism: A (left flank) and B (right flank) from Agusan Marsh; C (left flank) and D (right 

flank) from Lake Mainit. 

 

 

 

Table 10. Result of Discriminant analysis of Sexual Dimorphism of Channa striata. 

 

Discriminant 

analysis 

Channa striata 

Agusan Marsh Lake Mainit 

Left flank Right flank Left flank Right flank 

Hotelling’s T2 2.9337 2.1325 1.7599 2.1011 

F-value 3.1131 2.263 1.8676 2.2296 

p-value 1 1 1 1 

 

 

 

Table 11. Physico-Chemical Parameters of both sampling areas gathered in the month of December 2018. 

 

Sampling area 

Parameters 

TSS 

(ppm) 

TDS 

(ppm) 

DO 

(ppm) 
pH 

Salinity 

(ppm) 

Temperature 

(OC) 

*Tagbuyawan 10.5. 101 7.86 7.73 0.03 29.35 

*Mayag 3.4 100 7.52 8.07 0.03 29.50 

*Magpayang 11.8 113 8.93 7.07 0.03 29.30 

*Magtiaco 72.4 125 12.1 7.35 0.01 28.95 

*Jaliobong 15.0 101 7.73 7.67 0.01 29.66 

*Kalinawan 31.0 105 7.97 7.48 0.01 29.16 

**Lake Mihaba 47.8 92 3.37 6.9 0.05 28.52 

**Lake Mihaba Creek (outlet) 37.4 73 3.42 6.93 0.04 28.81 

**Agusan river (downstream) 61.0 153 3.44 8.14 0.11 28.94 

**Loreto river (downstream) 30.0 145 3.46 7.87 0.11 28.65 

**Agusan river (upstream) 63.2 226 3.42 8.02 0.17 29.06 

** Sumilao (downstream)  57.60 104 4.55 7.8 0.07 28.72 

Note: Legend: *Lake Mainit sampling stations, ** Agusan Marsh sampling stations 
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Table 12. Comparisons of Physico-chemical parameters and concentrations of CN, Fe, Zn, Cu, Pb to DENR standards (as sampled in 

Lake Mainit sampling stations on November 11, 2018, and Agusan Marsh sampling stations on December 05, 2018. 

 

Parameters 
Available range 

DENR 
Lake Mainit Agusan Marsh 

TSS (ppm) 3.4-10.5 30-63.2 80 

TDS (ppm) 100-125 73-226 96-100 

DO (ppm) 7.52-12.1 3.37-4.55 5 

pH 7.07-8.07 6.9-8.14 6.5-9.0 

Salinity (ppm) 0.01-0.03 0.04-0.17 Nd 

Fe (ppm) <0.01-0.09 0.46-3.39 2 

Zn(ppm) <0.01 <0.01 1.5 

Cu (ppm) <0.01 <0.01 0.02 

Pb (ppm) <0.01 <0.01-0.01 0.02 

CN-(ppm) <0.01 <0.01 0.1 

Note: nd: no data 

 

 

 

Physico-chemical, cyanide and four base metals 

Table 11 shows the result of the physicochemical 

parameter in the sampling area of Lake Mainit and Agusan 

Marsh using multiparameter test. In Lake Mainit sampling 

stations, Magtiaco river mouth recorded the highest total 

suspended solids, total dissolved solids and dissolved 

oxygen level. It may be due to the heavy coarse load and 

runoff from the landslide in small-scale mining areas of 

upstream mountainous areas. during Typhoon (Sanba) 

Basyang of February 2018. Salinity, pH and temperature 

were mostly the same among other sampling sites. In 

Agusan Marsh sampling area, upstream and downstream of 

Agusan river were observed with high total suspended 

solids, total dissolved solids, pH and temperature due to the 

fact that Agusan River is the receiver of almost eleven 

tributaries including the other sampling sites. The dissolved 

oxygen and salinity were mostly the same among other 

sampling sites in Agusan Marsh sampling area. 

Furthermore, the analysis of four base metals and 

Cyanide indicated that Zinc, Copper, Lead, and Cyanide 

levels were in less than detection limit of 0.01 ppm in Lake 

Mainit and Agusan Marsh sampling stations, except the 

value of Lead was 0.01 in Lake Mihaba Creek (outlet) of 

Agusan Marsh. In terms of Iron content, Magtiaco (0.09 

ppm) in Lake Mainit had the highest value while other 

locations of the said sampling site had values ranging from 

<0.01-0.01 ppm. Agusan Marsh sampling stations had 

varied Iron content all above the detectable limit of 0.01 

ppm ranging from 0.46 in Agusan river (upstream) to 3.39 

in Lake Mihaba.  

Table 12, shows the range and comparison of the water 

parameters that were tested in the selected sampling sites to 

the DENR recommended water quality standards and 

contamination limit on toxic and deleterious substances. 

The range of the parameter values was observed high 

mostly in Agusan Marsh TSS, TDS, Salinity and Iron (Fe) 

while Dissolve oxygen had low values compared to Lake 

Mainit. Out of the four base metals, only Iron (Fe) was 

recorded above detectable limit and observed high in 

Agusan Marsh. Cyanide was below detectable limit and 

acceptable to the DENR standards. Total dissolved solids 

in both Lake Mainit and Agusan Marsh were not 

acceptable to the standard set by DENR that should not 

surpass 96-100 ppm except in Lake Mihaba and its outlet 

creek that was in the acceptable limit (see table 3). Total 

suspended solids, TSS, pH, Zn, Cu, Pb, CN-values of Lake 

Mainit and Agusan Marsh were acceptable to the 

recommended standards. On the other hand, in terms of 

Dissolved Oxygen level, Agusan Marsh is not acceptable to 

the recommended standards. At the same time, Iron (Fe) 

level specifically in Lake Mihaba and its outlet in Agusan 

Marsh were not acceptable to the DENR standards. Salinity 

however owns at the level characterized by freshwater. 

The values of selected physicochemical parameters 

differed from each habitat such as dissolved oxygen level 

and Iron which recorded higher in Agusan Marsh compared 

to Lake Mainit. These differences due to the surroundings 

and the ecosystem type of each habitat. The Agusan Marsh 

is an extensive floodplain in the middle of the Agusan 

River Basin in eastern Mindanao which served as stopped 

drainage of waters from rivers, creeks and tributaries 

mainly in the provinces of Agusan del Norte, Agusan del 

Sur and Compostela Valley and development for 

agriculture, construction of dams and reservoirs for 

irrigation, deliberate or accidental introductions of exotic 

species, e.g., tilapia, carps, janitor fish, and golden apple 

snail, and logging in the watershed areas. (Primavera and 

Tumanda Jr. 2008). While Lake Mainit is an oligotrophic 

lake based on its physicochemical, natural productivity and 

optical properties and morphometric characteristics 

(Tumanda Jr. et al. 2003). The study provided that C. 

striata which is a food source and bioresources for 

livelihood generation can be propagated in freshwater 

aquaculture even in a stressful environment. 

In conclusion, the landmark-based geometric 

morphometric was a useful tool in describing the 

fluctuating asymmetry and sexual dimorphism of Channa 

striata. The statistical results showed high variations (p < 

0.0001) on the left and right side of the bilateral 

represented by 79.22% in Agusan Marsh specimens and 

72.35% in Lake Mainit specimens which may be 

considered as relatively high Fluctuating Asymmetry. The 

affected landmark points and variation are observed in the 

cephalic, pectoral, and caudal regions which may be due to 

burrowing behavior and association of the lateral line 

system among fishes that thrive in high turbid waters and 
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low oxygen. Further, the physicochemical analysis reveals 

that Agusan Marsh had low dissolved oxygen, TDS, and 

Iron deviates to the national water quality standards while 

Lake Mainit is within permissible limits. On the other 

hand, the total FA in terms of sexes, Agusan marsh had 

84.27% and 85.41%, while Lake Mainit had 85.12% and 

80.89% respectively in males and females. The fairly 

similar FA% based on the 17 landmark points of all C. 

striata population confirms to less or no sexual dimorphism 

of fish in the study area. The present study contributes 

essential information about the body variations of C. striata 

and the condition of Agusan marsh basin and Lake Mainit 

and importance of FA in determining the habitat condition 

the fact that organisms, C. striata preferred high turbidity 

and thrived in stress condition. Further study is needed 

regarding Fluctuating Asymmetry of C. striata in relation 

to seasonal variations. 
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Abstract. Febrianti R, Khasani I, Rosada KK. 2021. Assessing the susceptibility of the selected gourami (Osphronemus goramy) to 

Aeromonas hydrophila. Nusantara Bioscience 13: 111-120. A breeding program to improve the growth performance of the gourami fish 

was carried out through selection methods that produced faster growth gourami (selected population). The purpose of this study was to 

determine the susceptibility of the selected gourami to Aeromonas hydrophila infection based on tolerance limits (LD50) and 

investigated clinical signs post-injection of the pathogenic bacteria. The challenge test by intramuscular injection of A. hydrophila was 

done to the fingerling fish (15-20 g) for 14 days post-infection. The population of the tested fish was obtained from six families, selected 

gourami (SP), and non-selected control (CP) groups. Phosphate buffered saline (PBS) as control and several doses of the pathogen, 102, 

104, 105, 106, 107, and 108 CFU/mL of A. hydrophila, were injected into the fish. Fish mortality and clinical signs were observed daily. 

The fish mortality was confirmed by isolating bacteria in the fish which showed clinical signs, followed by biochemical characterization 

of the isolated bacteria using API 20E and PCR. The LD50 of A. hydrophila to the selected population (9.70 × 105 CFU/mL) was higher 

than that of the control (6.50 × 104 CFU/mL). On the final day of the test, the accumulation mortality of CP (63.33±5.77%) higher than 

that in SP (33.33±5.77%). Based on the output test statistics, it was known that there was a significant difference between the mortality 

and clinical signs of SP and CP. The data suggested that the selected gourami were more resistant to A. hydrophila infection than that of 

the control. The A. hydrophila infection caused most of the major clinical signs, including mass mortality of the fish. The biochemical 

and PCR test ensure that fish mortality was caused by A. hydrophila infection. 

Keywords: Aeromonas hydrophila, challenge test, clinical signs, fish breeding, selected gourami 

INTRODUCTION 

Giant gourami (Osphronemus goramy Lacepede 1801) 

is an Indonesian native fish with high economic value. The 

national productivity of the gourami consistently increased, 

from 35.09% in 2015 to 198.97% in 2017, and 133.48% in 

2018 (Ministry of Marine Affairs and Fisheries 2018). 

Therefore, the intensive farming of the fish has a high 

prospect to be developed. However, the slow growth 

character of the gourami is a serious problem to develop 

industrial farming of the fish. Disease attack is one of the 

obstacles in fish farming. Diseases can be caused by bacteria, 

viruses, parasites, and fungi. Bacterial disease in fish had 

been known since 1980. Aeromonas hydrophila bacteria 

causes Motile Aeromonad Septicemia (MAS) disease in 

gourami (Öztürk and Altinok 2014; Kusdarwati et al. 2018). 

Aeromonas hydrophila bacterial infection causes death and 

reduces the quality of the harvested fish (Purwaningsih et 

al. 2014). MAS disease is reported to cause mass mortality 

of cultured gourami in Indonesia. In 2016, the disease 

caused the loss of 47 tons of the gourami in West Sumatra 

(Department of Marine Affairs and Fisheries, Padang 

Pariaman Regency 2015), and mortality of 87-100% of the 

gourami population in the Banyumas area, the district of 

Central Java (Khumaidi and Hidayat 2018).  

Intensive fish farming has a high prospect to be 

developed. Even though, the prevalence of disease 

outbreaks is relatively higher in this system. One of the 

major diseases in freshwater fish farming is Motile 

Aeromonad Septicemia (MAS) causing by A. hydrophila. 

The pathogenic bacteria cause tissue damage (invasiveness) 

and produce toxins (toxigenic) (Fernandez and Figueras 

2020). The attack of A. hydrophila bacteria causes several 

clinical signs. Clinical signs are indications of the presence 

of a disease in the form of disease characteristics. 

According to Rozi et al (2018), the clinical signs of A. 

hydrophila bacteria attack is the presence of septicemic 

hemorrhage which is characterized by wounds on the 

body's surface, gills, ulcers, abscesses, exophthalmia, and 

flatulence. A. hydrophila bacteria cause disease outbreaks 

in catfish (Clarias sp.) (Kusdarwanti et al. 2017), tilapia 

(Oreochromis niloticus) (Hardi et al. 2018), gourami 

(Osphronemus goramy) (Rozi et al. 2018), and snakehead 

fish (Ophicephalus striatus) (Rao and Benarjee 2016). The 

determination of the observation period is based on the 

statement of Kusumawaty et al. (2016), that A.hydrophila 

bacterial infection in gourami is acute.  

In the context of prevention and control of MAS 

disease, several strategies alternative has been done, 

including the management of integrated fish health, the use 

of MAS-free fish, and the vaccination (Ma et al. 2019). On 

the other hand, the specific pathogen resistance (SPR) of 

several cultured fishes has been developed in the world. 

Nevertheless, the SPR of MAS disease is not yet be 
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reported. Based on our observation in the gourami 

population, there were wide variations in the resistance 

level of the fish to bacterial disease. Refer to Hendry et al. 

(2011), the high variation of a specific character (disease 

resistance) in the population suggested that a selection 

method may be conducted to improve the character. In the 

natural disease outbreak, there were 10-20% of fish survive 

(survivor) (Subhan et al. 2020). Furthermore, the survivor 

can establish a based population to develop the SPR 

population (Moss et al. 2012). Based on the previous 

studies in the cultured species, selective breeding to 

produce MAS-resistant gourami may be conducted. 

Selective breeding for increased disease resistance is a 

promising strategy that has not been widely used in 

aquaculture. At the same time, improving growth 

performance is critical for efficient production (Hua et al. 

2019). A study about the susceptibility of selected gourami, 

the specific strain of Indonesia, to A. hydrophila is not yet 

be conducted. 

The breeding program to improve the growth character 

of the gourami has been conducted in Indonesia for several 

years. The breeding program was done through selection, 

hybridization, and genetic engineering (Nugroho et al. 

2012; Sularto et al. 2016; Arifin et al. 2017). The main 

purpose of selection is to change the quantitative phenotype 

of the population mean by exploiting genetic additives that 

have a beneficial trait from elders to tillers. For this 

purpose, the base population with high genetic variation is 

important to produce superior varieties. Several years of 

breeding programs to improve the growth character of 

gourami had been conducted and resulted in a selected 

population. Besides growth, resistance to disease and 

tolerance to pond conditions are important factors to 

aquaculture productivity (Reid et al. 2019). Therefore, a 

study to evaluate the susceptibility level to the disease on 

the selected gourami was conducted. LD50 is the amount of 

a toxic agent (such as a poison, virus, or radiation) that is 

sufficient to kill 50 percent of a population of animals. The 

purpose of the recent study was to evaluate the resistance 

level of the selected gourami, based on tolerance limits 

(LD50) and investigated clinical signs post-injection of the 

pathogenic bacteria. 

MATERIALS AND METHODS  

Experimental location 

This research was conducted in February 2020 at the 

research facilities of the Research Institute for Fish 

Breeding, West Java, Indonesia, including the gourami 

hatchery, The Microbiology Laboratory, The Genetics 

Laboratory, and The Water Quality Laboratory. The 

Research Institute is located at latitude 6°22'20.6"S 

107°37'18.5"E, and an altitude of 25 meters above sea level 

(GPS Coordinates 2017). 

Procedures 

Research design 

A total of 420 fingerlings were used for both the 

selected gourami (SP) and non-selected control (CP) 

groups. The SP and CP groups were chosen because the SP 

group was the result of the selection that had faster growth 

than the CP group. In addition, disease resistance is a 

promising strategy that has not been widely used in 

cultivation. The healthy gourami fingerlings weighed 

16.2±2.12 g of body weight and measured standard length 

9.80±0.48 cm. A completely randomized design was used 

in this study with seven treatments and three replicates. The 

treatments were infection of A. hydrophila to the gourami 

in several doses:  

(i) SPP: Selected gourami injected with Phosphate 

Buffered Saline (PBS)  

(ii) SP-102: Selected gourami infected with 102 CFU/mL 

of A. hydrophila  

(iii) SP-104: Selected gourami infected with 104 CFU/mL 

of A. hydrophila  

(iv) SP-105: Selected gourami infected with 105 CFU/mL 

of A. hydrophila 

(v) SP-106: Selected gourami infected with 106 CFU/mL 

of A. hydrophila 

(vi) SP-107: Selected gourami infected with 107 CFU/mL 

of A. hydrophila 

(vii) SP-108: Selected gourami infected with 108 CFU/mL 

of A. hydrophila 

(viii) CPP: Control gourami injected with Phosphate 

Buffered Saline (PBS) 

(ix) CP-102: Control gourami infected with 102 CFU/mL 

of A. hydrophila  

(x) CP-104: Control gourami infected with 104 CFU/mL 

of A. hydrophila  

(xi) CP-105: Control gourami infected with 105 CFU/mL 

of A. hydrophila 

(xii) CP-106: Control gourami infected with 106 CFU/mL 

of A. hydrophila 

(xiii) CP-107: Control gourami infected with 107 CFU/mL 

of A. hydrophila 

(xiv) CP-108: Control gourami infected with 108 CFU/mL 

of A. hydrophila 

Fish and acclimatization 

The population of the tested fish was obtained from six 

families, each for SP and CP. All the families resulted from 

one spawning batch in the controlled spawning pond of the 

gourami in the Research Institute for Fish Breeding. The 

fish were healthy and were free from A. hydrophila. Before 

the experimental tests, the fish were acclimatized for 14 d 

in fiber tanks (200 L capacity) under laboratory conditions. 

According to the research design, the normal fish, based on 

behavior, feeding response, and health status, were 

distributed in the 40 L of glass aquariums according to the 

research design. 

 

Aeromonas hydrophila and preparation of the culture medium 

Aeromonas hydrophila bacteria (American Type 

Culture Collection 35654 (ATCC 35654) was obtained 

from National Reference Laboratory the Biosafety in 

Microbiological and Biomedical Laboratories from the 

U.S. Department of Health and Human Services Centers 

for Disease Control and Prevention and National Institute 

for Health, belonging to the Collection of Bacterial 
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Enteropathogens and maintained in cryopreservation. The 

liquid culture medium Tripton Soya Broth (TSB-Oxoid, 

England) was prepared according to the instructions of the 

manufacturer by dissolving 30 g in 1 L of distilled water. 

The sterilization was processed by autoclaving at 121°C for 

15 min (Daihan Scientific Co., Ltd, Korea). The RS 

medium base (RS agar-Himedia, Mumbai) was prepared 

according to the manufacturer's instructions by dissolving 

45.43 g in 990 mL of distilled water and it should not be 

sterilized using an autoclave. After removal and cooling 

between 45-50 °C, one vial of Novobiocin Supplement 

(FD096) was added followed by homogenization and 

distribution to the sterile Petri plate. 

 

Preparation of A. hydrophila suspensions 

Bacterial suspensions were prepared by transferring a 

heave containing three to five colonies of A. hydrophila 

isolated in Petri dishes containing the RS agar medium 

after 24 h of cultivation at 31°C to tubes containing 10 mL 

of BHI broth and reincubated for 18 h in a bacteriological 

incubator (Memmert, Germany). After incubation of the 

bacterial suspensions with the culture, the logarithmic 

growth phase was measured by turbidity caused by 

bacterial growth; Spectrophotometer (Hitachi U1500, 

Japan) was designed to measure the optical density of a 

suspension of microorganisms. A bacterial growth test was 

carried out by growing a bacterial isolate from an agar 

slant, then inoculating one loop of 30 mL TSB medium and 

incubating it for 24 h at room temperature. Inoculation of 

the results of liquid culture on TSB media into new TSB 

media in a test tube of 2 mL of isolate on 8 mL of liquid 

TSB. Incubation at room temperature and measuring OD 

(optical density) with a spectrophotometer at a wavelength 

of 620 nm every two hours for 30 h (Zubaidah et al. 2019). 

Before being used as a pathogen test, A. hydrophila 

bacteria was restored through the test of Postulate Koch on 

SPF gourami varieties. The test of Postulate Kohn was 

carried out twice. Furthermore, this procedure was carried 

out by injecting 0.1 mL of inoculum into the test gourami 

intramuscularly (IM) (Taukhid et al. 2016).  

 

Susceptibility study of the gourami to A. hydrophila 

For the pathogenicity test, 420 gourami fishes were 

introduced into 42 research containers with 60 L water, and 

A. hydrophila was added intramuscularly injected of fish 

with PBS, 102, 104, 105, 106, 107, and 108 CFU/mL. The 

mortality rate of the fish was recorded more than 24 h post-

infection, and LD50 was determined. LD50 was estimated 

using the Dregsted Behrens method (Maryadi 2011). This 

study was carried out according to the principles adopted 

by the Brazilian College of Animal Experimentation 

(COBEA) and approved by the Committee on the Ethics of 

Animal Use (CEUA/UFAC: 08/2014). 

 

Clinical signs of the gourami after A. hydrophila infection 

The symptoms of infection were observed, and after 24-

96 h. The observations and measurements were carried out 

every 24 h. The mortality rate of the fish was determined at 

the end of the study. Water quality parameters including 

temperature, pH, dissolved oxygen, ammonia, nitrite, and 

nitrate were monitored at the beginning and end of the 

study. Observation of the clinical signs of gourami was 

carried out every 14 days (Taukhid et al. 2016). 

 

Confirmation test of the fish death 

The confirmation test aims to confirm the death of the 

gourami was caused by A. hydrophila bacteria. This test is 

performed by isolating bacteria from the liver, spleen, and 

kidneys, then purifying and characterizing it biochemically 

(API 20 E kit) and molecularly (PCR). The PCR method 

used is a method developed by (Alpha DNA Montreal, 

Quebec) using primary pairs of 16S F 5 'GGG AGT GCC 

TTC GGG AAT CAG A 3' and 16S R: 5'-TCA CCG CAA 

CAT TCT GAT TTG -3 ' with amplification of preheating 

temperature of 94°C for 2 min, denaturation temperature of 

94°C for 1 min, the annealing temperature of 56°C for 30 

sec, extension temperature of 72°C for 45 sec, final 

extension temperature of 72°C for 5 min with 30 cycles 

(Hussain et al. 2013). Furthermore, the PCR results were 

run by electrophoresis for 35 min with a voltage of 60 V 

and 400 A with a 1.5% agarose gel medium. The PCR 

product is seen in the High-Performance Ultraviolet 

Transilluminator with an amplicon target of approximately 

356 bp. The data was processed with three replications of 

the measured data and analyzed descriptively. 

 

Data analysis 

Water quality data were reported as mean ± SD. 

Observation of the clinical signs of the gourami was carried 

out every day by descriptive analysis to compare between 

groups. Water quality cultivation was used as a supporting 

parameter. Clinical signs were analyzed with a Mann-

Whitney u test using SPSS. The data LD50 obtained from 

the research observation was analyzed using two-way 

ANOVA followed by Tukey's post hoc test to analyze data 

sets. The confirmation test was done to confirm the death 

of gourami is caused by A. hydrophila. 

RESULTS AND DISCUSSION 

Susceptibility study of the gourami to A. hydrophila 

In aquaculture, disease outbreaks in aquaculture are 

affected by three factors, such as host, pathogen, and 

environment. This study evaluated several doses of the 

pathogenic bacteria (A. hydrophila) and two populations of 

the gourami in the optimal condition. 

The susceptibility of SP to A. hydrophila was indicated 

by 100 % mortality at a dose of 1 × 108 CFU/mL after 44 h. 

Different A. hydrophila susceptibility seen in CP was 

indicated by 100 % mortality at a dose of 1 × 108 CFU/mL 

and 1 × 107 CFU/mL after 24 h. The A. hydrophila 

bacterial at a dose of 1 × 102 CFU/mL did not cause the 

death of the SP and CP. The LD50 value of A, hydrophila to 

the CP, and SP were 6.50×104, and 9.70×105 CFU/mL 

respectively. The result of the analysis shows that F 

arithmetic is bigger than the F table (5 % and 1 %). 

Pairwise testing between SP and CP was performed by 

treatment when a significant interaction was found and 

multiple comparison adjustment was made using Tukey’s 
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method. There was a significant (p < 0.05), with a 

calculated F value of 96.100 > 4.35 F table, it can be 

concluded that there were differences in mortality results 

based on the type of population and the concentration of 

infected bacteria. There was a significant (p < 0.05), with 

an F count of 146.650 > 2.87 F table, it can be concluded 

that there were differences in mortality results based on the 

type of gourami population. There was a significant (p < 

0.05), with an F value of 14.350 > 2.87 F table, it can be 

concluded that there was an interaction based on the type of 

gourami population and the concentration of bacteria 

injected in determining mortality in gourami. This indicates 

that the A. hydrophila batch-test conducted for 14 days in 

gourami had a significant effect on the susceptibility of 

gourami. The mortality of the SP and CP during the LD50-

96h of A. hydrophila is presented in Table 1. 

Clinical signs of the gourami after A. hydrophila 

infection 

In addition to causing death in the test fish, bacterial 

infection with lower doses can cause physiological 

disturbances which are indicated by several clinical 

symptoms, including loss of balance (LB), loss of appetite 

(LA), weakness (W), ulcers (U), necrosis (N), and 

hemorrhagic (H). Based on the output test statistics, it was 

known that the Asymp. Sig. (2-tailed) <0.05 for parameters 

LB, LA, W, U, N, and H. Thus there was a significant 

difference between the clinical signs of SP and CP. CP 

clinical symptoms were severe than SP. The clinical signs of 

the SP and CP post A. hydrophila infection presented in Table 2. 

The early clinical signs that arise in this study were loss 

of balance or buoyancy control, floating upside down, or 

‘sitting’ on the tank floor (most fish are normally only 

slightly negatively buoyant and take little effort to maintain 

the position the water column). As the disease progresses, 

the following may be observed: change in coloration, 

cloudy skin (indicates excess mucous production due to an 

irritant bacterial. Several hours after A. hydrophila 

injection, several clinical signs were observed in the 

infected gourami presented in Figure 1. 

The bioassay pathogenic test must be conducted at the 

optimum level of water quality parameters to certain that 

the pathogen causes fish mortality. Refer to (Republic of 

Indonesia 2017), the main water parameters of the 

treatment tanks during this study were maintained at the 

optimum level for the giant gourami. They were 28.1-

29.0°C of temperature, 8.00-8.42 of pH, 5.9-8.5 mg/L of 

DO, 0.0020-0.0163 mg/L of ammonia, 0.0097-0.0540 mg/L 

of nitrite, and 0.0430-0.9634 mg/L of nitrate. Based on the 

optimum level of water quality, the A. hydrophila infection 

causes the mortality of the fish during the recent study. The 

water quality parameters during this study were presented 

in Table 3. 

Confirmation test of the fish death 

Confirmation of fish mortality is carried out to ensure 

death due to the bacterial injection. All SP and CP fish 

were isolated from the dead fish from the liver, kidney, and 

spleen organs. As many as 100% of all SP and CP fish 

were isolated from the dead fish from the organs of the test 

results from the fermentative test, catalase test, gram stain 

test, PCR test, and API 20 E test showed that A.hydrophila 

caused the death of gourami. The fermentative test showed 

the color of the media turned yellow (Figure 2.A-B). The 

catalase test on bacteria that caused clinical signs showed 

positive results due to the formation of bubbles (Figure 

2.C-D). Pure isolated bacteria were then stained and the 

result was that the bacteria were rod-shaped, short-chain, 

and red when tested with gram stain (Figure 2.E). The 

results of the PCR and API 20 E tests showed that fish 

mortality was caused by infection with A. hydrophila 

bacteria (Hussain et al. 2013). The results of confirmation 

bacterial isolation A. hydrophila of liver, kidney, and 

spleen organs of fish showed a band around 356 bp 

presented in Figure 3. Tests using API 20 E showed very 

good identification results with a percent ID value of 99% 

presented in Table 4. 
 

Discussion 

The LD50 use of host death provides a nonequivocal 

endpoint and measurement has the advantage that it allows 

comparisons across microbes (Casadeval 2017). LD50 

figures are frequently used as a general indicator of a 

substance's acute toxicity. A lower LD50 is indicative of 

increased toxicity (Aisiah et al. 2020). Growth and survival 

are the major character in the aquaculture system and most 

selection programs focused on these traits (Krishna et al. 

2011; Gjedrem et al. 2012). Based on these data, the LD50 

value of A. hydrophila to the control, and selected gourami 

were 6.50×104 and 9.70×105 CFU/mL, respectively. At this 

time, the average mortality in the control gourami had 

reached 63.33±5.77% and was significantly higher (p < 

0.05) compared to that of selected gourami (33.33±5.77%). 

After 96 h post-infection, the gourami in both the control 

and selected groups showed normal behavior.  

 

 

Table 1. Mortality of the selected gourami (SP) and control (CP) 

during the LD50-96h of Aeromonas hydrophila  

Pathogen 

concentration 

(CFU/mL) 

Number 

of fishes 

(0 h) 

Number of 

dead fishes 

(96h) 

Mortality 

(%) 

LD50 

(CFU/mL) 

SPP 30 0 0.00±0.00 9.70 ×105 

SP-102 30 0 0.00±0.00  

SP-104 30 25 16.67±0.58  

SP-105 30 23 23.33±5.77  

SP-106 30 20 33.33±5.77  

SP-107 30 14 53.33±5.77  

SP-108 30 30 100.00±0.00  

CPP 30 30 0.00±0.00 6.50 × 104 

CP-102 30 1 3.33±5.77  

CP-104 30 7 23.33±5.77  

CP-105 30 13 43.33±5.77  

CP-106 30 19 63.33±5.77  

CP-107 30 30 100.00±0.00  

CP-108 30 30 100.00±0.00   
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Pairwise testing between SP and CP was performed by 

treatment when a significant interaction was found and 

multiple comparison adjustment was made using Tukey’s 

method. Based on the output test statistics, it was known 

that the significant <0.05 for mortality. Thus there was a 

significant difference between the mortality of SP and CP. 

The susceptibility of CP was higher than SP. On the final 

day of the test, the accumulation mortality of CP had 

reached 63.33±5.77%, which was considerably higher than 

that in SP (33.33±5.77%) (Tabel 1). Fish susceptibility is 

manifested in fish mortality. Based on Table 1, the highest 

mortality occurred at a bacterial dose of 108 CFU/mL of 

100%. Determining of clinical signs was done by observing 

the wounds on the outside of the body and the behavior of 

the gourami seeds infected with A. hydrophila bacteria.  

 

 

 

 

  
 

  
 

  
 

Figure 1. Clinical signs in the O. goramy were intramuscularly injected with Aeromonas hydrophila: A. Ulcers, B. Injury on caudal fin 

with hemorrhagic foci, C. Swimming at the bottom, D. Lesion at the site of A hydrophila inoculation, E. Weakness, and F. 

Integumentary injuries with depigmentation and hemorrhagic foci 
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Figure 2. Confirmation of clinical signs and fish mortality by detection of bacteria: A. OF test, B. Test fermentative (TSIA), C. KOH 

test, D. Catalase test, and E. Gram stain test 
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Table 2. The clinical signs of the selected gourami (SP) and control (CP) post Aeromonas hydrophila infection 

 

Observation 

time (hours) 

Clinical signs 
Footnote 

SP CP 

0 LA-,W-,H-,N-, LB-, U- LA-,W-,H-,N-, LB-, U- LA: Loss appetite 

12 LA-,W+, H-, N-, LB-,U- LA+,W++, H+, N+, LB+,U+ W: Weakness 

24 LA+, W+, H-, N-, LB+, U+ LA++, W++, H++,N++, LB++, U++ H: hemorrhagic 

48 LA+, W+, H+, N+, LB+, U+ LA++, W++, H++,N+++, LB++, U++ NF: Necrosis 

72 LA++, W+, H++, N++, LB+, U++ LA++, W++, H+++, N+++, LB++, U+++ LB: Loss of balance 

96 LA+, W+, H++, N++, LB+, U++ LA+++, W++, H+++, N+++, LB+, U+++ U: Ulcers 

120 LA+, W++, H+, N+, LB-, U+ LA++, W+++, H+++, N++, LB+, U++ -: no symptoms 

144 LA+, W++, H+, N-, LB-, U+ LA++, W+++, H++, N+, LB+, U++ +: low 

168 LA-, W-, H-, N-, LB-, U+ LA++, W+, H+, N+, LB+, U++ ++: moderate 

192 LA-, W-, H-, N-, LB-, U- LA-, W-, H-, N-, LB-, U- +++: severe 

216 LA-, W-, H-, N-, LB-, U- LA-, W-, H-, N-, LB-, U-  

240 LA-, W-, H-, N-, LB-, U- LA-, W-, H-, N-, LB-, U-  

264 LA-, W-, H-, N-, LB-, U- LA-, W-, H-, N-, LB-, U-  

288 LA-, W-, H-, N-, LB-, U- LA-, W-, H-, N-, LB-, U-  

312 LA-, W-, H-, N-, LB-, U- LA-, W-, H-, N-, LB-, U-  

336 LA-, W-, H-, N-, LB-, U- LA-, W-, H-, N-, LB-, U-  

 

 

Table 3. Water quality conditions of the selected gourami (SP) and control (CP) during the LD50-96h of Aeromonas hydrophila  

 

Patogen concentration 

(CFU/mL) 

PARAMETER 

Temperature (°C) 
DO 

pH 
Ammonia Nitrite Nitrate 

(mg/L) (mg/L ) (mg/L) (mg/L) 

SPP 28.7-29.0  8.2-8.5 8.02-8.20 0.0023-0.0132 0.0385-0.0540 0.0532-0.7850 

SP-102 28.4-28.9 7.4-7.7 8.05-8.10 0.0130-0.0123 0.0110-0.0234 0.0430-0.9634 

SP-104 28.5-28.7 6.9-7.0 8.40-8.42 0.0090-0.0130 0.0097-0.0172 0.0843-0.5870 

SP-105 28.2-28.6 6.0-7.1 8.02-8.30 0.0024-0.0130 0.0122-0.0242 0.0432-0.9630 

SP-106 28.1-28.8 6.1-6.4 8.22-8.37 0.0073-0.0090 0.0154-0.0340 0.3760-0.6260 

SP-107 28.2-28.6 6.0-6.3 8.10-8.21 0.0035-0.0086 0.0145-0.0321 0.1876-0.6589 

SP-108 28.2-29.0 5.9-6.3 8.00-8.10 0.0022-0.0163 0.0148-0.0367 0.1743-0.3398 

CPP 28.3-28.9  8.1-8.4 8.01-8.20 0.0026-0.0142 0.0388-0.0540 0.0532-0.7856 

CP-102 28.2-28.8 7.3-7.6 8.06-8.10 0.0128-0.0143 0.0114-0.0238 0.0432-0.9484 

CP-104 28.4-28.8 6.8-7.1 8.39-8.42 0.0092-0.0132 0.0104-0.0176 0.0840-0.5670 

CP-105 28.3-28.5 6.1-7.2 8.12-8.30 0.0028-0.0130 0.0126-0.0244 0.0532-0.9632 

CP-106 28.2-28.9 6.2-6.4 8.22-8.37 0.0073-0.0090 0.0154-0.0348 0.3840-0.6266 

CP-107 28.3-28.7 6.1-6.3 8.14-8.21 0.0038-0.0088 0.0148-0.0324 0.1882-0.7658 

CP-108 28.2-28.9 5.9-6.2 8.00-8.20 0.0020-0.0163 0.0152-0.0382 0.1842-0.3698 

Threshold value  

(Republic of Indonesia 

2017) 

25.0-30.0  > 3.0 6.50-8.50  ≤ 0.02  ≤ 0.06   ≤ 20 

  

 

 
Table 4. Identification of bacteria using the API 20 E kit 

 
Reference: Very good identification 

% ID T Test against 
Significant Taxa 

Aeromonas hydrophila/caviae/sobria 2 99.0 1.0     
Next taxon % ID T Test against 

Aeromonas hydrophila/caviae/sobria 1 99.0 0.69 LDC 25% CIT 25% VP 25% ARA 75% 

Complementary test(s) Glucose g ESC (HYD) 0/129 R Methyl Red 

Aeromonas caviae - + + + 

Aeromonas hydrophila + + + 86 % 

Vibrio fluvialis 0% NT - NT 

Aeromonas sobria + - + - 
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Figure 3. Gel electrophoresis of product using 16S F & 16S R 

primers, M denotes 100 bp DNA ladder (Marker), H1-H4: liver, 

G1-G3: kidney, L1-L3: spleen, (+): positive control, and (-): 

negative control 

 

 

 

This study showed that the selected gourami was higher 

resistant than the control. Because, selected gourami had 

high genetic variation, it will provide a great opportunity to 

get the right combination of crosses with good disease 

resistance (Suprapto and Kairudin 2017). Selected gourami 

can be used as a candidate for superior gourami. According 

to Sularto et al. (2020), the growth of selected gourami in 

nursery and resistance phases was higher than that of the 

control. This corresponds to the results of the study of the 

LD50 value of selection gourami were higher than pure 

gourami (Sularto et al. 2020). High genetic variation will 

provide a great opportunity to get the right cross 

combination with a good combination of traits (Suprapto 

and Kairudin 2017). Based on the result, the selection 

program to increase resistance to gourami. On the other 

hand, Sularto et al. (2020) reported the SP groups had 

better growth than CP. Based on the result, the selection 

program to increase resistance to gourami did not 

negatively affect the growth of gourami. Therefore, a 

breeding program to improve the resistance level of the 

gourami to specific pathogen could be applied in the giant 

gourami. Besides that, other selection lines based on the 

growth character of the gourami have improved 11,18% of 

their productivity (Sularto et al. 2020).  

The correlation pattern between disease resistance and 

growth is host-specific and pathogen-specific (Gjedrem 

2015). On the other hand, Suebsong et al. (2019) reported 

the same thing selective breeding programs have 

significant potential to make tilapia more resistant to 

Streptococcus agalactiae. Heritability estimates for G0 

were 0.22 using the Cox model. At the same time, the 

researchers noted that selection response indicated that the 

risk of death decreased to 54 percent, survival time 

increased to 3.4 days. Survival rate increased to 21%, 

suggesting that breeding tilapia that are more resistant to S. 

agalactiae is possible. On the other hand, faster growth 

also occurring in disease-resistant populations has been 

reported in several aquaculture species. Parker et al. (2011) 

reported that Line 1 grows at twice the rate of non-selected 

oysters, has a higher standard metabolic rate, and has a 

significantly higher survival when exposed to elevated 

levels of PCO2 and temperature predicted to occur as a 

result of climate change. Differences in reproductive status 

between fifth-generation fast growth oysters and non-

selected oysters were found by Dove and O’Connor (2012). 

The authors are monitoring changes in reproductive 

condition in Lines 1-3 to determine if this also occurs in 

SROs bred for disease resistance. Huang et al. (2012) 

reported that that Pacific whiteleg shrimp having 21% 

higher resistance to WSSV grew 34.51% faster than that of 

the control. Another study showed that the growth of oyster 

resistant (Crassostrea gigas) to herpesvirus 1 (OsHV-1) 

was 15% faster than that of the control (Lionel et al. 2015). 

Furthermore, Khasani et al. (2017) reported that the growth 

of giant freshwater prawns (Macrobrachium rosenbergii) 

resistant to vibriosis was 46% higher than that of the 

control. The neutral correlation between growth and 

resistance to bacterial cold-water disease was also observed 

in rainbow trout. Besides that, the growth of Atlantic 

salmon (Salmo salar) resistance to Piscirickettsia salmonis 

and Caligus rogercresseyi was similar to that of the normal 

fish (Yanez et al. 2014). Another case reported that genetic 

correlations between body weights and WSSV resistance in 

Pacific Whiteleg Shrimp and Liptopenaeus vannamei were 

negative (Trang et al. 2019). 

The LD50 of A. hydrophila in this study is lower than in 

several previous studies. The LD50 of Bogor gourami was 

108 CFU/mL (Taukhid et al. 2016), tilapia was 4.9×106 

CFU/mL (Mangunwardoyo et al. 2016), Arapaima gigas 

was 1.8×108 CFU/mL (Dias et al. 2016), strain K14 in 

African catfish was 4.977×105 CFU/mL (Wulandari et al. 

2014), and strain ASB01 in snakehead was 2.69×105 

CFU/mL (Olga 2014). Citterio and Biavasco (2015) 

classify A. hydrophila into virulent and non-virulent 

bacteria. A. hydrophila isolates with an LD50 of 104.5-105.5 

CFU/mL were declared virulent, while A. hydrophila 

isolates with an LD50 of 107 CFU/mL or more were 

declared non-virulent. The mortality in gourami infected 

with A. hydrophila proves that the bacteria are pathogenic 

and very virulent in fish. Characteristics of bacteria that are 

pathogens include transmissibility, adherence to host cells, 

persistence, invasion of host cells and tissues, toxigenicity, 

and the ability to evade or survive the host’s immune 

system (Jawetz et al. 2014). This difference is probably due 

to differences in serotype and biotype of bacteria, fish 

species, and temperature (Olga 2014). Besides that, the 

difference in test results and LD50 calculations is thought to 

be due to the very different sources of origin of bacteria 

and host fish used (Makrinos and Bowden 2016; Li et al 

2017; Yengkhom et al. 2019). Changes in the physical and 

chemical characteristics of the environment can increase 

the abundance and virulence of pathogenic organisms as 

can genetic mutation, factors which must have an important 

influence on the outcome of a situation in which pathogens 

challenge fish in the water (Tripathi et al. 2018). However, 

another influence, namely the degree of susceptibility of 

the host, may also be instrumental in determining whether 

or not pathogenic challenge results in disease (Tipathi et al. 
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2018). Therefore, disease predisposition in fish can be said 

to be the end result of an interaction between host 

susceptibility, pathogen virulence, and environmental 

factors (stressors) (Gjedrem 2015). Stress weakens fish 

immune systems, and increases susceptibility to disease 

(Abram et al. 2017). 

Further clinical signs are the appearance of white spots 

on the body of the fish, mucus accumulation on the body, 

skin lesions, white pectoral fins, and red spots. Other 

clinical signs include a dorsal fin, injury to the injection 

site, and ulcers (Figure 1.A). Internal symptoms that arise 

due to A. hydrophila infection include the presence of 

yellow fluid in the abdominal cavity, pale red and tender 

kidneys, brownish-red liver, heart, gills, pale intestines, 

swollen stomach filled with water or necrosis of the fins 

and tail, ulcer (Figure 1.B). Changes in swimming patterns 

that occur after the fish are infected with A. hydrophila in 

the form of fish tend to be aggressive with a dorsal fin that 

is the weakness in the bottom of the aquarium (Figure 1.C). 

Cloudy skin (indicates excess mucous production due to an 

irritant bacterial (Figure 1.D) due to bacterial infection of 

the kidneys. Weakness on the surface of the aquarium 

(Figure 1.E), as well as a reddish color all over the fish's 

body (Figure 1.F). Aeromonas bacteria can attack fish fins, 

tegument, and intestines. According to Rozi et al. (2018), 

these bacteria are capable of rupturing little blood vessels, 

resulting in ulcerative lesions in the tegument with a 

hemorrhagic aspect, causing a reddish color on the body. In 

this study, besides the ulcerative lesions observed on the 

body, exophthalmia, and mucus excess were also observed. 

Rozi et al. (2018) have described these manifestations as 

clinical signs of A. hydrophila infection and, according to 

Oliveira et al. (2011), the high proliferation of these 

bacteria on fish intestine can cause excessive mucus 

liberation. Based on the output test statistics, it was known 

that the Asymp. Sig. (2-tailed) <0.05 for parameters LB, 

LA, W, U, N, and H. Thus there was a significant 

difference between the clinical signs of SP and CP. CP 

clinical symptoms were severe than SP. 

Aeromonas hydrophila belongs to the group of 

pathogenic bacteria with high virulence. The virulence 

level of the bacteria is determined by the ability of bacteria 

to produce enzymes and certain toxins it plays a role in the 

invasion and infection process (Leitão 2020). In the first 

step, the pathogen attaches to the fish scales and produces 

the chitinase enzyme. The enzyme destroys the chitin of the 

scales layer. A further step, the bacteria enter the fish's 

body through the bloodstream. This process is assisted by 

the lecithinase enzyme which has a specific function to 

penetrate the bloodstream. Furthermore, the toxin will 

spread through the bloodstream (Andriani et al. 2020). The 

disease caused by A. hydrophila bacteria is called Motile 

Aeromonad septicemia (MAS) because the infection 

spreads throughout the body through the bloodstream, 

infects fish through the surface of the body or wounded 

gills, and then enters the blood vessels and other internal 

organs (Ulfiana et al. 2012). According to Yengkhom et al. 

(2019), disease malignancy is influenced by interrelated 

factors, such as bacterial virulence, types of bacteria, and 

the degree of stress affected by fish populations, 

physiological conditions of the host, and the degree of 

genetic resistance that cannot be separated in specific 

populations of fish. 

Haryani et al. (2012) also mentioned that the first 

reaction of animals in cellular and vascular to bacteria that 

enter the body that causes damage to tissue is inflammation 

(Table 2). This tissue damage is thought to occur due to 

toxins released by these bacteria and carried throughout the 

body through the bloodstream. This was also stated by 

Andriani et al. (2020), that the toxin was spread throughout 

the body through the bloodstream causes hemolysis and 

rupture of blood vessels resulting in redness or red spots on 

the body of the fish. The appearance of clinical signs can 

affect the appetite of fish. Fish experience changes in 

appetite after injection. According to Hardi et al. (2017), 

fish infected with bacteria take a longer time digesting food 

than uninfected fish. In infected fish, the feed condition is 

still intact at 5 min after giving. This is due to disruption of 

the digestive enzymes of the fish due to a bacterial 

infection of the brain that regulates intestinal peristalsis. 

Bacterial infection of the brain can inhibit the work of the 

lateral hypothalamus which regulates diet. If the 

hypothalamus which is in the telencephalon (forebrain) is 

infected, the fish appetite will decrease (Hardi et al. 2018). 

Based on Figure 3, gram staining results indicate that A. 

hydrophila bacteria were gram-negative, short rod-shaped, 

non-spore, motile, and have one flagellum, living in the 

temperature range 25-30⁰C (Yamazaki et al. 2021). A. 

hydrophila bacteria are aerobic and facultatively anaerobic. 

The 16S rRNA primer was used to amplify 356 bp. 

Fragment of the 16S rRNA gene is conserved for the genus 

Aeromonas to confirm the presence of Aeromonas spp. 

(Hussain et al. 2013). 

Selected gourami that is resistant to disease and has a 

higher tolerance to environmental disturbances is a key 

factor to increase the survival in gourami farming. The 

average mortality in the non-selected control had reached 

(63.33±5.77%) and was significantly higher (p < 0.05) 

compared to that of selected gourami (33.33±5.77%). In 

conclusion, the result of this study demonstrated that non 

selected group was more susceptible than the selected 

groups.  
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Abstract. Gul J, Saeed S, Ahmed A, Leghari SK, Basit A, Rehman A, Khan MZ. 2021. Genetic diversity and morphological variation of 

Pinus gerardiana along the environmental gradient from Zhob, Balochistan, Pakistan. Nusantara Bioscience 13: 121-128. Pinus 

gerardiana, an evergreen gymnosperm, is an economically- and ecologically valuable tree found in the Takhte Suleman Mountain 

Range, Zhob northeastern edge of the Balochistan, Pakistan. The present study is based on the assessment of the impact of 

environmental gradients with special reference to altitudinal gradient and soil variables on morphological, phytochemicals and genetic 

variation of P. gerardiana. A total of 27 genotypes of P. gerardiana were collected from the three elevation zones ranging from 2000 - 

3500 m above sea level. The genetic diversity was assessed by combined markers, the random amplified polymorphic DNA (RAPD) 

and the Inter Simple Sequence Repeat (ISSR). Polymorphic bands analyzed the data to generate a dendrogram, based on the unweighted 

pair group method with arithmetic mean (UPGMA). Morphological characters assessed the morphological characters. Phytochemicals 

were investigated; the total phenolic content and total flavonoid contents were estimated and compared amongst all accessions. Our 

results revealed variations along altitudinal gradients and related to soil characteristics. The populations at the Middle altitude zone have 

greater diversity than populations at lower and higher altitudes. The resulting altitudinal variation can be attributed to various 

geographical and environmental conditions. These results can help in conservation and cultivation of this economically important tree.  

Keywords: Altitudinal gradient, soil variables, phytochemicals, Pinus gerardiana, Zhob Forest, Pakistan 

INTRODUCTION 

The Pinus gerardiana Wall. ex D.Don, locally known 

as "Chilgoza" or "neoza pine", is considered one of the 

most promising trees with ecological and economical 

values around the world. This tree plays a very important 

role in the economic progress and livelihood of 

communities living close to the Forest (Shalizi and 

Khurram 2016). The tree is utilized for food, medicine and 

timber by the native communities of the area and wildlife. 

The tree contributes to the local income and revenue, 

sustains the soil surface, sustains a suitable microclimate, 

provides shelter, and is a refuge for animals. In Pakistan, 

20% of the forest consists of Pinus trees, which can survive 

in harsh, cold environmental conditions, including 

excessive drought, high wind, and severe cold. The 

mountains of Sulaiman hold the world’s largest expanse of 

Chilgoza (over 260 km2) (Ahmed et al. 2011). The 

Chilgoza forests are under constant threats and pressure 

from the timber Mafia. This species is listed as highly 

threatened due to excessive cutting. During their 

explorations, many different analysts have identified the 

adverse anthropogenic activities in the area with regards to 

this tree, such as collecting for fuelwood, overgrazing and 

burning, which are responsible for the significant 

destabilizing influence in the forests (Ahmed et al. 2009; 

Beg and Mirza 1984; Hussain 2013). 

The environmental factors, soil variables and amount of 

precipitation have influenced the growth of the Chilgoza 

pine tree. Natural regeneration of Chilgoza pine is very 

poor or entirely lacking in this zone (Kumar et al. 2013; 

Kumar et al. 2016). Genetic diversity provides the template 

for adaptation and evolution of populations and species.  

Genetic variation is the key factor for the conservation 

of biodiversity (Thomas et al. 1999). In recent years, PCR-

based molecular markers have allowed the use of DNA 

sequences in genetic analyses to provide a better 

understanding of the genetic diversity and differentiation of 

natural populations (Malik et al. 2008). Genetic make-up 

plays an important role in diverse ecosystems (Meloni et al. 

2006). Recent research identifies better the role of 

molecular markers to assess the genetic diversity amongst 

and within the population. Nowadays, different molecular 

primers are in use for analysis of genetic diversity. RAPD 

markers are quite suitable for DNA fingerprinting as they 

are rapid and easy to assess (Kernodle et al. 1993). The 

Inter Simple Sequence Repeat (ISSR) is also used 

efficiently as no prior sequence is required (Adams et al. 

2003). Loss of genetic variability is a major problem in 

biological diversity conservation because it inhibits a 

species from responding to natural selection and limits its 

evolutionary potential. If the harmful source of genetic 

diversity is known, different resources can be used 

efficiently in conservation.  

In view of the aforementioned, the main objective of 

this study was, therefore, to assess the genetic diversity and 

population structure of economically important tree P. 

gerardiana. This would aid in defining conservation 
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studies for the declining P. gerardiana population in 

Balochistan, Pakistan. Intraspecific variation at 

morphological and molecular level through morphological 

and molecular markers, assessment of ecological diversity 

of the area and its impact on the genetic diversity help for a 

better understanding of the genetic structure of the species.  

MATERIALS AND METHODS 

Study site and ecological diversity of site    

Zhob Forest of Balochistan, Pakistan is part of the 

Sulaiman Mountain Range that located in the eastern edge 

of the Iranian Plateau, where the Indus River separates it 

from the subcontinent (Figure 1). Its elevation is 

approximately 3,380 m above sea level (Table 1). The 

study area exhibits a dry temperate climate characterized 

by long winters from October to April and short summers 

from June to August. Though rain is scarce, precipitation is 

received mostly in the form of snow during winter. The 

data pertaining to meteorological conditions of the area 

during the study period are presented (Figures 2.A-B).  
 

 
Table 1. Geographical attributes of the study sites 

 

Sampling site 
Site 

no. 
Code 

Latitude 

(N) 

Longitude 

(E) 

Elevation 

(m asl.) 

Lower elevation zone 1 L1 31.55° 69.91° 2000 

 2 L2 31.56° 69.92° 2050 

 3 L3 31.55° 69.92° 2090 

Mid semi-arid zone 4 M1 31.58° 69.93° 2800 

 5 M2 31.57° 69.92° 2950 

 6 M3 31.57° 69.93° 2960 

Upper arid zone 7 U1 31.53° 69.91° 3440 

 8 U2 31.57° 69.82° 3365 

 9 U3 31.54° 69.91° 3380 

 
 

 
 

Figure 1. Map of study site in Zhob Forest, Balochistan, Pakistan 

 

 

 

  
A B 

 

Figure 2.A. Temperature and B. Annual precipitation of the study site in 2018-2019 
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Sample collection 

A survey was conducted during 2018-2019 to locate the 

populations of P. gerardiana. The whole distribution area 

of the species was divided into three zones, viz. lower 

elevation zone, mid semi-arid zone and upper arid zone. 

Data from three to five sites were recorded from each 

elevation zone. Soil samples were collected from each site 

for soil characterization. Fresh leaf samples for DNA 

extraction were taken from three randomly chosen trees in 

each site. 

Ecological characteristics 

Different ecological characteristics of the study sites 

were measured including microclimatic conditions and 

edaphic factors such as soil. 

Elevation and aspects 

Elevations of study sites were measured during 

sampling with the help of Global Positioning System 

(GPS). Aspects of the area were noted using Compass. 

Temperature and annual precipitation 

Temperature and annual precipitation data were 

collected for the years 2018-2019 from the metrological 

survey center, arid zone Quetta, Balochistan Pakistan. 

Soil analysis 

Composite soil samples were collected from the surface 

layer 0-30 cm depth. Samplings were made with 

systematically-randomized method (Zare et al. 2011). 

Samples were dried at room temperature, sieved with 2 mm 

sieve and then stored in zip bag for further analysis. 

Physical and other Characteristics were examined at “Peer 

Mehar Ali Shah Arid Agriculture University”, Rawalpindi, 

Pakistan.  

Survey of price list  

To check the economic importance and economic value 

of plant, market survey was carried out. Price list was 

compared with open market (Table 2). 

Morphological diversity analysis 

To analyze the morphological diversity, tree samples 

were collected from nine sites at three different elevation 

zones. Samples were pressed and mounted on herbarium 

sheets. Data were analyzed by using morphological 

characters (S1). 
 

 
Table 2. Market survey of Pinus gerardiana during 2018-2019  

 

Year Price in Zhob market Price in open market 

2018 1500-3000 PKR /kg  

(10-20 USD/kg) 

6000-6500 PKR/kg  

(37-41 USD/kg) 

2019 2500-3600 PKR/kg  

(16-24 USD/kg) 

6200-7600 PKR/kg  

(39-48 USD/kg) 

Phytochemical analysis 

Total flavonoid content (TFC) 

The TFC was estimated by Ordonez et al. (2006) 

technique using equation (Y=0.0255x, R2=0.9812) 

absorbance at 420 nm. 

Total phenolic content (TPC) 

The TPC was calculated by the method of Slinkard and 

Singleton (1977) at 765 nm absorbance and expressed as 

mg/g tannic acid equivalent using the equation 

(Y=0.1216x, R2=0.9365).  

Genetic diversity analysis 

Fresh pine needles were collected for DNA extraction 

and assessment of genetic diversity was undertaken by 

using molecular markers. The method of Saeed et al. 

(2017) was used for extraction and purification.  

PCR reaction 

 A total of thirteen primers were used, including twenty 

RAPD and ten ISSR, amongst them thirteen were 

polymorphic (Table 3). The reaction mixture was used by 

also following the method of Saeed et al. (2017). 

Statistical analysis 

For molecular markers, the amplified bands were 

scored as 1 (present) and 0 (absent), and data were 

clustered (dendrograms) based on similarity matrices using 

the paired group method with the help of software NTSYS 

2.10 (Rohlf 1998). For soil data and phytochemical 

parameters, Agglomerative hierarchical clustering was 

performed using Minitab software. 

 

 

 

 
Table 3. Details of polymorphic primers used in the study of 

Pinus gerardiana 

 

Primer 

name 
Sequence 3’—5’ 

TA 

(°C) 
TB P 

PB 

% 

      

OPA-2 TGCCGAGCTG 36 11 7 0.64 

OPA-3 AGTCAGCCAC 34 7 3 0.43 

OPA-4 AATCGGGCTG 34 12 5 0.42 

OPA-7 GAAACGGGTG 34 6 3 0.50 

OPA-8 GTGACGTAGG 36 4 2 0.50 

OPA-13 CAGCACCCAC 36 11 8 0.73 

OPA-17 GACCGCTTGT 36 10 7 0.70 

OPA-20 GTTGCGATCC 36 7 6 0.86 

UBC-810 (GA)8T 52 6 2 0.33 

UBC-832 (AT)7 TYC 46 12 8 0.67 

UBC-844 (CT)8RC 47 10 7 0.70 

UBC-850 (GT)8YC 47 7 4 0.57 

UBC-857 (ACA)5CYG 52 6 4 0.67 

Total   109 66 0.61 

      

Note: TA (°C): annealing temperature, T: Total bands, P: Number 

of polymorphic bands, PB: percentage of polymorphism 
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RESULTS AND DISCUSSION 

This is the first comprehensive report on 

morphological, chemical and genetic diversity of an 

economically important tree, Pinus gerardiana, from the 

Zhob Forest, Balochistan, Pakistan. P. gerardiana is an 

ecologically- and economically valuable species, 

distributed in different parts of the world. In Pakistan, it is 

distributed in high mountainous zones of the Pakistani-

Afghan border, Sulaiman Mountain Range, and Kashmir.  

Economic importance 

Pinus gerardiana is used as edible nuts and as 

medicinal plants in folk medicines by the local community 

of the study area. Economically, it is a very important nut. 

The local communities of the study area are categorized in 

the low-earning income bracket. No proper source of 

income has been identified, except for the collection of 

pine nuts, cutting of pine trees, and grazing in order to 

sustain their livelihood. The study area is in a remote, 

difficult geographical zone of the mountain, with a low 

literacy rate and under the threat of floods and cross-border 

disturbance. Moreover, no proper health facilities are 

available. A price survey was made in the year 2018-19. In 

2018, it ranged from 1500-3000 PKR/kg (10-20 USD/kg) 

and increases to 2500-3600 PKR/kg ((16-24 USD/kg) in 

2019. The price of nuts in the open market of Quetta and 

the rest of Pakistan is almost double that of the local market.  

Environmental characteristics  

The environmental parameters of the study sites varied 

along the altitudinal gradient (Table 4). The pH ranges 

from 6.64 to 7.45 from high elevation to low elevation. The 

total organic matter (2.63 ± 0.11%) was highest at high 

elevation. Soil at mid-elevation has high sand content 

(52.12 ± 4.18%), high elevation has high percentage of silt 

and clay (36.15 ± 2.65 and 18.12 ± 2.66, respectively). 

Sodium, potassium, and nitrogen were also reported 

highest at the high elevation zone. The concentrations of 

heavy metals, nickel and zinc (0.10 ± 0.04 and 0.04 ± 0.00 

mg kg-1, respectively) were high at the low elevation zone. 

Morphological diversity 

Morphology of the studied samples revealed that no 

variation was found in the studied population. In qualitative 

characters, no differences were found. The cone shape was 

nearly spherical, and cone color at maturation was dark 

brown, Seed shape is like a banana and the seed color was 

light to dark brown. Leaves were modified into needles that 

are dark green in color. Seed color varied along the 

altitudinal gradient. Seeds of high elevation were dark 

brown to black, while at low elevation, their color was light 

brown to reddish. Leaves were in fascicles of three needles. 

Quantitative characters showed a variation that may be due 

to the age of the tree or may be due to the impact of other 

environmental factors (biotic and abiotic factors). The 

height of tree was up to 40 ft (13 m) approximately. DBH 

of tree was up to 4 m. Leaf length 13 cm. Fruit size was 5 

cm in length and 10 mm in width. The cone size ranged 

from 12 cm in length to 7 cm in width.    

On the basis of quantitative characters (S1), cluster 

analysis was performed for all collected samples from three 

elevations. The cluster analysis revealed that there was a 

variation among the samples (Figure 2). This variation may 

due to anthropogenic activities or may be due to the impact 

of other environmental factors (biotic and abiotic factors). 

The age of the tree is the major factor in the variation of 

collected samples. Environmental factors and the soil type 

may also influence the size or growth of tree. As the 

moisture increases, the growth ring size also increases. 

Genetic diversity 

In the present results, 18 out of 30 primers produced 

clear bands in all collected samples. Two different marker 

systems, i.e., RAPD and ISSR were used for the first time 

on P. gerardiana from three elevation zones of Sulman 

Mountain Range. The amplified band size ranged from 200 

to 1500 bp for RAPD and 150 to 1600 bp for ISSR (Figures 

3 and 4). We used combined RAPD and ISSR markers to 

generate a dendrogram by cluster analysis. A combined 

marker system approach to detect polymorphism could be 

useful in removing errors and targeting various sites of 

genome as was previously used by (Saeed et al. 2020; 

Saeed et al. 2017). 
 

 

Table 4. Mean values of environmental parameters along altitudinal gradient 

 

Variables Low elevation (Mean ± S.E)  Mid elevation (Mean ± S.E)  High elevation (Mean ± S.E)  

Topographic variables 

 Elevation (m) 2000 ± 50 2650 ± 45 3200 ± 45 

 Slope 32.50 ± 2.32 44.50 ± 5.75 48.45 ± 4.35 

Edaphic variables 

 pH 7.45 ± 0.12 7.23 ± 0.14 6.64 ± 0.17 

 Total organic matter (%) 1.62 ± 0.54 2.37 ± 0.14 2.63 ± 0.11 

 Sand (%) 50.3 ± 2.47 52.12 ± 4.18 45.32 ± 3.36 

 Silt (%) 33.21 ± 2.61 32.01 ± 2.57 36.15 ± 2.65 

 Clay (%) 16.07 ± 1.35 15.36 ± 1.45 18.12 ± 2.66 

 Sodium (mg kg-1) 11.45 ± 1.37 15.36 ± 2.34 17.33 ± 1.45 

 Potassium (mg kg-1) 6.74 ± 1.77 8.73 ± 1.75 11.18 ± 1.35 

 Nitrogen (%) 3.17 ± 0.44 3.28 ± 0.08 3.81 ± 0.74 

 Nickel (mg kg-1) 0.10 ± 0.04 0.08 ± 0.00 0.09 ± 0.03 

 Zinc (mg kg-1) 0.04 ± 0.00 0.02 ± 0.04 0.03 ± 0.01 

Note: S.E.: standard error 
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Out of the twenty-five markers from the tested primers, 

thirteen primers had amplified polymorphic bands. Eight 

were from RAPD and five from ISSR and exhibited 

polymorphism, showing reproducible bands amongst nine 

P. gerardiana accessions. Table 4 identifies the 

characteristics of banding patterns obtained from the 

primers. Thirteen markers amplified 109 total bands and 66 

were polymorphic (61% polymorphism). The total number 

of RAPD and ISSR bands scored per primer also varied. 

The overall data revealed an average of 8.38 bands 

obtained per primer. 

Based on the UPGMA tree (Figure 5), the cluster is 

delimited into three main clusters showing the variation 

within the species along the altitudinal gradient. The 

Middle elevation zone retains the highest genetic diversity. 

It may be due to better environmental conditions and fewer 

anthropogenic activities.  

The UPGMA clustering has been based on RAPD and 

ISSR populations. The cluster consists of two groups 

cluster A and cluster B. Cluster A consists of two 

subgroups of populations from the High elevation and 

Middle elevation zones, while cluster B comprised of 

populations from the low elevation zone. 

Chemical diversity 

All accessions of P. gerardiana were characterized as 

having significantly varied levels of total phenolic content 

(TPC), expressed as tannin equivalent and flavonoids 

contents as quercetin equivalent within and amongst 

populations (Figure 6). The TPC ranged from 40 to 58 mg-1 

within the population. Flavonoids also showed a diverse 

pattern amongst all sites, ranging from 104 to 123 mg g-1. 

Based on combined data of TPC and flavonoid contents, 

the dendrogram generated two main clusters: A and B. 

Cluster A comprised the population from high. Cluster B 

comprised of accessions from the middle elevation zone 

and low elevation zones (Figure 7).  

Discussion 

Pinus gerardiana grows in the tropical to subtropical 

regions of Pakistan. The seeds are used as edible nuts and 

medicine by the local people in the vicinity of the study 

sites. The P. gerardiana tree is facing the threat from 

anthropogenic activities like other conifers and 

conservation action needs to be undertaken on an urgent 

basis. The tree grows in high elevation cold climatic zones 

(Kumar et al. 2016). The present study aimed to investigate 

the genetic variability and the impact of environmental 

gradient with special reference to altitude and soil for this 

economically important tree. Molecular, phytochemical, 

and morphological variations were assessed on different 

samples collected along three elevation zones. From earlier 

reports, no evidence had been found on the genetic 

variation of P. gerardiana by using markers from a 

comparison of three different elevations. The regeneration 

pattern was studied for conservation as well as the 

population structures by (Akbar et al. 2014; Aziz et al. 

2017).  

 

 
 

Figure 3. Tree diagram, based on quantitative morphological 

characters. Site number as coded in Table 1 (larger site numbers 

correspond to higher altitudes). 

 

 

 

 
A 

 
B 

 

Figures 4. PCR amplification of Pinus gerardiana.  A. RAPD 

OPA-1, B. ISSR- UBC-857 population from sites 1-9. With 1500 

bp Leader. 

 

 

 

 
 

Figure 5. NTSYS- dendrogram of cluster analysis, based on data 

generated from RAPD and ISSR amongst three elevations 
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Figure 6. Patterns of phytochemical variations amongst different populations along elevation gradients. Site codes as: L: Low elevation, 

M: Middle, H: High.  

 

 

 

 
 

Figure 7. Dendrogram constructed using phytochemical diversity 

of samples from different populations along elevation gradients. 

Site codes as: L: Low elevation, M: Middle, H: High 

 

 

 

Due to the importance of this valuable seed, it is greatly 

in demand, not only in the local market, but also from 

national and international markets (Peltier and Dauffy 

2009). Earlier reports on an open market survey showed its 

prices to be approximately US$ 20-30 per kg. Open market 

prices are very high compared with the local market and 

best quality seed from the area is exported to other parts of 

the country and around the world (Akbar et al. 2013; Khan 

et al. 2015). In the global market, Pakistan, India and 

Afghanistan contribute the largest quantities of nut (Akbar 

et al. 2014; Kumar et al. 2014). Sample from different 

ecological sites shows the variation that may be the result 

of different climatic conditions and can be used to improve 

cultivation of the species. Conifers generally express a high 

degree of genetic diversity and are considered to be most 

variable group amongst the gymnosperms (Hamrick and 

Godt 1990). They express a high degree of variation 

amongst populations and a lesser extent of diversity 

(Bakshi and Konnert 2011). The genetic variation of Pinus 

may also be due to altitudinal gradients orchestrated with 

the change in climatic conditions associated with the 

variation in altitude (Loya-Rebollar et al. 2013).  

Genetic variations were observed amongst the samples 

studied from different ecological regions that varied in 

altitude in our study. These variations of the population, 

along with altitudinal and environmental gradients, would 

be of great help in conserving the species for future 

climatic change (Sáenz-Romero et al. 2011). Species 

genetic resource conservation is required as geographically 

separated populations are expected to have different 

genetic compositions. Hamrick et al. (1992) stated that high 

genetic variation amongst the population may be due to 

woody plants with large geographical ranges with wind-

assisted seed dispersal. Geographical distances and 

ecological consequences plays important role in the 

variability of component.  

The present research shows intra-species genetic 

variation of P. gerardiana using RAPD and ISSR marker 

techniques. Eighteen genotypes from three elevation zones 

were assessed. Thirteen markers amplified 109 total bands 

and 66 were polymorphic (61%). The results suggest that 

RAPD markers show high genetic polymorphism in their 

capacity for producing polymorphic amplicons. Similar 

results were obtained by (Sinha et al. 2013) on the genetic 

polymorphism of Pinus roxburghii. Their study also 

justified the importance of genetic variations in both ex-

situ and in situ conservations. In the present study, we 

found that chemical variation along altitudinal gradients 

may be a response to UV radiation. This may suggest the 

species adaptation to strong UV radiation and low-

temperature environments at higher elevations. Flavonoid 

content is the main source for plant protection from UV 
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radiation, and protects plant tissues. Moreover, many 

studies have provided new evidence that UV light induces 

the synthesis of flavonoids (Berli et al. 2010; Saeed et al. 

2018).  

Population structure of P. gerardiana is affected by 

different ecological factors like elevation, climate and soil 

variability. Similar findings were reported earlier (Kumar 

et al. 2013; Kumar et al. 2016; Sáenz-Romero et al. 2011; 

Sharma 2005) for P. gerardiana. In the present study, high 

genetic diversity within populations may be attributed to 

the effect of the environmental factors (Hahn et al. 2012; 

Sani et al. 2018) and anthropogenic activities in agreement 

with (Saeed et al. 2017). Climatic factors are associated 

with micro-geographical genetic differences, which may 

cause the phenotypic plasticity buffers against 

environmental changes over a plant’s life cycle. Further, it 

weakens over time as climatic event changes.  

Measurement of genetic diversity through molecular 

markers is difficult as it shows the adaptations of 

environment and other conditions. (Jump and Penuelas 

2014). Earlier (Aziz et al. 2017) suggested the conservation 

of P. gerardiana for the future of this valuable Pine forest. 

This condition would have further broader implications, 

both for the ecosystem and livelihood of the local people. 

In conclusion, based on our findings, it is concluded 

that there is an important genetic and phytochemical 

variation along the altitudinal gradient among the P. 

geradiana populations. Such patterning of genetic and 

phytochemical differentiation could result from the 

environmental (temperature, precipitation and soil 

characteristics) and the human disturbance variation along 

the altitudinal gradient. Our findings could help to design a 

conservation program that should include implementation 

of sustainable management plans, considering the large 

ecological and economic local importance of this pine 

species.  
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Abstract. Barrak MH, AL-Rufaie MM, Motaweq ZY. 2021. Thymol quantitative analysis in medicinal formulation types through 

employing nano-technology and antimicrobial activity in some pathogenic bacterial isolates. Nusantara Bioscience 13: 129-137. This 

study included a method for estimating thymol (THY) in its pure state and in some of its pharmaceutical preparations that were quick, 

easy, and sensitive, This method is based on nanoparticles that have been modified by oxidation and reduction reactions, In a sodium 

hydroxide base medium, with polyvinylpyrrolidone as a stabilizer. The thymol drug works as a reducing agent to dilute the ore mineral 

salt from silver nitrate (Ag+) to silver nanoparticles; the oxidation-reduction reaction product for thymol has the highest absorption at 

410 nm. The calibration curve was calculated, and the following information was determined, indicating that the Beer-Lambert Law was 

followed within the focus range of 0.25 to 50 parts per million. Sandal's sensitivity was 0.052 μg/cm2, his molar absorptivity was 2.2883 

x 103 L / mol.cm, his standard deviation rate was 0.402%, and his correlation coefficient was 0.9989. The biological effect on a number 

of Gram-negative and Gram-positive bacteria was studied, and the findings showed that the samples prepared were effective against 

these bacteria. 
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INTRODUCTION 

 Pharmacologically classified as 2-isopropyl-5-methyl 

phenol is crystalline in colorless form monoterpene phenol, 

it has been used in traditional medicine and has been shown 

to have different pharmaceutical characteristics including 

antibacterial, antioxidant, antispasmodic, free radical 

scavenging, analgesic, antifungal, anti-inflammatory, 

antitumor activity and antiseptic, thymol (THY) possesses 

pharmacological properties and its numerous therapeutic 

activities biochemical and molecular diseases contra 

specific diseases: neurological, cardiovascular, metabolic, 

malignant, rheumatologic and gastrointestinal, the notable 

thymol influences are primarily due to it is anti-

inflammatory activity (by stitching cytokine and 

chemokine recruitment). 

Antioxidant (by free radical scavenging, enhancing 

enzymatic additionally non-enzymatic antioxidants, as well 

as metal chelation ions), antihyperlipidemic effects 

(through elevated rates of high-density lipoprotein 

cholesterol as well as lower amounts of low-density 

lipoprotein cholesterol in circulation as well as membrane 

stabling) (through Ionic Homeostasis maintenance) 

(Meeran et al. 2017) Figure 1. 

Thymol (THY) was previously estimated by 

(Chromatographic (LC) with Electrochemical Detection) 

(Gao et al. 2010), (Chromatographic HPLC) 

(Hajimehdipoor et al. 2010), (Ultrasound) (Roosta et al. 

2015), (Chromatographic GC-MS) (Jiménez-Salcedo and 

Tena 2017), (Chromatographic HPLC-UV) (Angelo et al. 

2016), (Chromatographic GC-MS with HS-SPME) (Fiori et 

al. 2013), (Voltammetric) (Ziyatdinova et al. 2017), 

(Electrochemical) (Aghamohseni et al. 2019), 

(Spectrophotometric) (Dhahir and Hussein 2012), 

(Spectrophotometric Batch and Flow Injection) (Al-Ward 

and Al-Abachi 2012). 
 

 
 

Figure 1. Chemical structure of thymol 

 

 
Table 1. The pharmaceutical preparations that were studied 

 

Drug Formulations 

samples 

Declared 

composition 
Company 

Listerine antiseptic Fresh 

Burst wash mouth 

Per 0.064% 

thymol 

ADA, American 

dental association 

Listerine antiseptic cool 

mint wash mouth 

Per 0.064% 

thymol 

ADA, American 

dental association 

Zak Mouth and Dental 

wash 240 mL 

Per 0.12% 

thymol 

Zak 

Egypt 

https://pubchem.ncbi.nlm.nih.gov/#query=Ag+
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MATERIALS AND METHODS 

Materials and reagents  
All of the substances used in this study were 

inexpensive and of the highest purity, and they were used 

without further disinfection throughout, the 0.01 M AgNO3 

solution was generated by dissolving 0.4246 g in deionized 

water in a 250 mL volumetric vial with a standardized 

solution, Sodium hydroxide 0.001 M was made by 

dissolving 0.0199 g in 500 mL deionized water, and a 

Polyvinylpyrrolidone (0.2%) solution was made by 

breaking down 0.2 g in deionized water in a 100 mL 

volumetric vial, and completed to the mark in all 

volumetric vials, They were from the same company, 

reagent grade BDH, and they were delivered together, 

thymol was prepared as a 250 ppm standard and used 

solution by breaking down 25 mg of bulk drug in 100 mL 

water collected from SDI (State Drug Industries and 

Medical Appliances Company) (Iraq), the studied 

technique was applied to thymol using three different types 

of drug formulations, These types are illustrated in Table 1. 

Collection and diagnosis of bacterial isolates 

Multidrug-resistant (MDR) pathogenic bacterial isolates 

include: From stool, burns, wounds, synovial fluids, blood, 

and urine, two gram-negative bacteria (Klebsiella 

pneumoniae and Escherichia coli) were isolated, while two 

gram-positive bacteria (Enterococcus faecalis and 

Staphylococcus aureus) were isolated (Olurinola 1996; 

MacFaddin 2009; Deepthi and Narasimha 2013; Vu et al. 

2018; Kavitha et al. 2019). 

All bacterial isolates were stored on BHI broth 

supplemented with (15%) glycerol at (-20 °C) and later 

confirmed using an automated bacterial recognition 

instrument Vitek-2 compact system GP additionally GN 

card. Before use, the isolates were sub-cultured on BHIA 

and incubated at 37 °C for 24 hours, in the laboratories of 

the Biology Department of the College of Science at the 

University of Kufa.  

Chemical samples for application were prepared as 

follows: 

Test tube 1: polyvinylpirrolidone 1 mL, sodium 

hydroxide 0.5 mL, thymol 1 mL, then dilution by distilled 

water to 9.3 mL, then Silver nitrate 0.7 mL. 

Test tube 2: polyvinylpirrolidone 1 mL, sodium 

hydroxide 0.5 mL, then dilution by distilled water to 9.3 

mL, then Silver nitrate 0.7 mL. 

Test tube 3: Thymol 1 mL, then dilution by distilled 

water to the signal 10 mL. 

Test tube 4: Silver nitrate 0.7 mL then dilution through 

deionized water to the signal 10 mL. 

Antibacterial activity experimental 

The bacterial suspensions were prepared according to 

Ramalivhana et al. (2014) explained. The antibacterial 

activity of test tubes was compared to bacterial isolates 

using the agar well diffusion method (Murray et al. 1995; 

Kavitha et al. 2019). The test tubes were compared to 

bacterial isolates in MHA medium to see how biologically 

active they were. 

Agar well diffusion assay 

The micropipette was used to distribute 100 μL of 

bacterial suspensions BHIB on the surfaces of the MHA 

plate, and wells were punctured in all of the culture plates 

using a sterile cork borer. One well was a perforation in the 

middle of the plate, with 100 μL Gentamicin added as a 

positive control; another well had 100 μL (DMSO) added 

as a negative control, and the residual wells had 100 μL test 

tubes alone. The cultivation plates were then incubated for 

24 hours at 37°C. In millimeters, the clear inhibition zone 

around wells has been measured. The experiments were 

carried out in three different ways (Olurinola 1996). 

Apparatus  

The main equipment used in this research includes: (i) 

T80 UV-Visible Spectrophotometer. PG Instruments Ltd. 

(Double beam). (ii) 303 PD UV-Visible Spectrophoto-

meter. Apel. Japan (Single beam). (iii) UV-1650PC UV-

Visible Spectrophotometer, SHIMADZU. Japan (Double 

beam). (iii) Electric Balance. Matter Toledo. Switzerland. 

(iv) Shaking water bath, Model: vs-1205 wl. scientific Co. 

Ltd. (v) pH meter, Spinbot thephaw. 

Procedure for calibration curve  

In volumetric flasks with a capacity of 10 mL, 0.2% 

PVP was added The sodium hydroxide solution was then 

added to these volumetric flasks in a volume of 0.5 mL, 

then, in these volumetric flasks, different volumes of 

thymol were added, ranging from (0.01 mL to 3 mL), and 

then dilution to 9.3 mL with distilled water then 0.7 mL of 

silver nitrate (0.01 M) in each volumetric flask, after 40 

minutes at 35°C, the absorbance of each solution was 

measured at 410 nm against a reagent blank. 

Zak mouth and dental wash 

A sample of 240 mL mouth and teeth wash and the 

proportion of thymol in it (0.12% C), 21 mL of it was taken 

and placed in a volume volumetric flask 100 mL, then 

diluted with distilled water to a mark, Then, in thymol 

measurements, take different volumes and treat them in the 

same way as before. 
 

Listerine antiseptic cool mint wash mouth 

A sample of 250 mL Cool mint wash mouth and the 

proportion of thymol in it (0.064% C), 39 mL of it was 

taken and placed in a volume volumetric flask 100 mL, 

then diluted with distilled water to a mark, Then after, 

different volumes are taken and treated in a previous 

manner for thymol measurements. 

Listerine antiseptic fresh burst wash mouth 

A sample of 250 mL Fresh Burst wash mouth and the 

proportion of thymol in it (0.064% C), 39 mL of it was 

taken and placed in a volume volumetric flask 100 mL, 

then diluted with distilled water to a mark, then, in thymol 

measurements, different volumes are taken and treated in 

the same way. 
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RESULTS AND DISCUSSION  

Absorption spectra  

When the Colorless thymol solution (C), Blank (B) 

(PVP, NaOH, Distilled water for dilution and AgNO3) 

colorless solution and (A) sample of (PVP, NaOH, thymol, 

Distilled water for dilution and AgNO3), the red-colored 

product, as well as the reactants, are scanned in a UV-VIS 

spectrophotometer to emphasize the reaction 

Figure 2 A, B, and C show the spectra of the aqueous 

solution of pure thymol in the spectral region of 190-800 

nm, blank solution and colored product ( the prepared on 

addition PVP then NaOH then thymol then Distilled water 

for dilution and AgNO3), the red product with maximum 

absorption of 410 nm differs significantly from the 

maximum absorption of both reactants, as shown in this 

figure. The usefulness of this redshift for a product can be 

used as a thymol assay procedure. 

Optimization of reaction conditions 

Effect of different silver nitrate volumes 

The effect of different silver nitrate volumes required to 

achieve optimum absorbance is investigated; the 

experiment is carried out with AgNO3 (0.01 M) volumes 

ranging from 0.1 mL to 2 mL, Figure 3, when 1.5 mL of 

silver nitrate (0.01 M) is added, the maximum absorbance 

is reached, so this method uses 0.7 mL of silver nitrate 

(0.01 M). 

Effect of polyvinylpirrolidone in different volumes 

The effects of different polymers (Polyvinylpirrolidone 

PVP, Polyurethane PU, and Polyvinyl chloride PVC) on 

color product formation were investigated, 1 mL of (0.2%) 

concentration was added to see if the polymers used had 

any effect on the formation of thymol, PVP proved to be 

the most absorbent polymer for the color solution. The best 

volume of the base form was then determined, the effects 

of various volumes of PVP (0.1, 0.3, 0.5, 0.7, 1,..., and 2 

mL) on the formation of thymol. 

Figure 4, when 0.1 mL is added, the maximum 

absorbance is reached. As a result, 1 mL of 

Polyvinylpyrrolidone (0.2%) is used in this method, we 

selected PVP as a stabilizer for preventing of silver 

nanoparticles agglomeration, the H+ ions are produced in 

the silver nitrate reaction by analyses. As a result, removing 

H+ will promote Ag-NP formation. When adding PVP to 

the solution, It helps in the stabilization of silver ions by 

forming Ag (PVP)+ complexes and removing H+ produced 

by H(PVP)+ during the oxidation process (Nezhad et al. 

2010).

  
 

 

 
Figure 2. Sample (Sliver Nano withthymol antibiotic (A), Blank (All reagents without antibioticthymol (B), and thymol Pure (C) in the 

Absorption Spectrum. 
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Figure 3. Effect of Silver nitrate 

 
 

Figure 4. Effect of Polyvinylpyrrolidone 

 

 

Table 2. The Sequence of Addition effect 

 

Sequence A+B+C+D+E C+B+A+D+E C+E+B+D+A E+C+B+D+A 

Absorbance 0.600 0.594 0.525 0.579 

 

 
 

Effect of different volumes Base 

The effects of different bases (NaOH, KOH, NH₄OH, 

and Na₂CO₃) on colour product formation were studied. 1 

mL of (0.001 M) concentration was added to see how the 

bases affected the formation of the product thymol, NaOH 

was the perfect base for the color solution because it had a 

high absorbance. after determining the best volume of the 

base type Different volumes of NaOH were used to 

determine their effects on the formation of thymol: 0.1, 0.3, 

0.5, 0.7, 1,..., and 3 mL, respectively, Figure 5, when 2 mL 

of sodium hydroxide (0.001 M) is added, the maximum 

absorbance is reached; therefore, 0.5 mL of sodium 

hydroxide (0.001 M) is used for this method, when the 

elimination of H+ may help in the formation of Ag-NPs, 

the effect of the solution's alkalinity on the reaction was 

investigated by varying the NaOH concentration, as seen, 

the peak strength of the silver nanoparticles signal 

increases by the increasing concentration of NaOH 

additionally then decreases, this decrease may be due to the 

Ag2O formation. Consequently, a 0.2 mM NaOH 

concentration was identified as the optimal level for further 

studies (Nezhad et al. 2010). 

Sequence of addition 

The sequence in which the solutions are added in the 

reactions that produce the silver nanoparticles under 

investigation has a significant impact on the color intensity 

of the resulting compounds, therefore several experiments 

were conducted with a sequence of different additions and 

for all the studied interactions to choose the best addition 

sequence that gives the highest absorption of the resulting 

compounds as shown in Table 2. 

It is found from Tables 3-7 that the order of addition of 

reagents is by mixing PVP, then Sodium hydroxide, then 

thymol, then dilute with distilled water to 8.7 mL, then 

Silver nitrate (A+ B + C +D + E) giving the highest 

absorbance, this sequence gives the best formation of the 

product. 

The best addition sequence for all silver nanoparticle 

reactions was found to be (A+B+C+D+E) in Table 2, so it 

was used in subsequent experiments. 

Temperature effect on colored product formed 

The effect of temperature on the speed at which silver 

nanoparticles form was examined, with a temperature range 

of 25-75°C used, as shown in Figure 6, Stability in 

absorption has been found as absorbance increases with 

increasing temperature up to a 35°C. This can be due to the 

probability of stability in the formation of silver 

nanoparticles. 

As a result, the preferred temperature for the formation 

of Silver nanoparticles was 35°C. In subsequent 

experiments with silver nanoparticle interactions, these 

temperatures were chosen. 

Time effect on colored product formed 

The effect of time on the formation of silver 

nanoparticles has been investigated, and under the best 

conditions that have been proven in previous experiments, 

for periods of time ranging from 10-120 minutes, with 

measurements taken every ten minutes, the resulting 

nanoparticle has high stability of more than one hour or 

more, allowing these interactions to be examined easily. 

Figure 7 indicates that, as a result, a development period of 

40 minutes is chosen as the optimum in the general method. 

The effect of time on the colored product formed after 

72 hours 

Time effect on the velocity of formation of 

nanoparticles was studied 72 hours after the velocity 

formation of nanoparticles was constant at 0.801 absorptions. 

Calibration curve 

The standard calibration curve for the colored product 

has been created under the optimum conditions discussed 

in Figure 8. 
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Figure 5. Effect of Different Volumes Sodium hydroxide 

 

 

 
 

Figure 6. Effect of temperature on colored product 

 
 

Figure 7. Time Effect on Colored Product Formed 

 

 

 
 

Figure 8. Calibration curve of thymol 

 

 

Other analytical parameters are calculated, and the 

results are shown in Table 3 show that this analytical 

method performs well for determining thymol at low 

concentrations. 

Precision and accuracy 

Precision first was measured using nine replicates at 

2.5, 25, and 37.5 μg / mL thymol concentrations to check 

the precision and accuracy of the proposed method. 

The accuracy of three specific thymol concentrations is 

calculated, and the results are shown in Table 4 indicate 

that the thymol determination method is accurate and 

satisfactory (Tawa and Shingo 1980). 

Mechanism of the product 

As shown in Figures 9 and 10, the mechanism of 

reaction may indicate a connection between the drugs 

under examination and the reagents used in their 

estimation. 

Interferences effect 

In order to ensure that method is selective, it was tested 

on a variety of samples, particularly pharmaceutical 

preparations containing the pharmaceutical thymol, the 

relationship of excipients (interferes) was studied , as it was 

achieved by conducting a spectral estimation of the 

estimated pharmacological compounds and adding these 

substances separately to the studied solutions, and these 

substances become ten times more concentrated than the 

studied drug compound, and using the same approach used 

in the calibration curve, PVP, then sodium hydroxide, then 

1mL from (250 ppm) of the drug, then distilled water, then 

silver nitrate, then 1mL from concentration (2500 ppm) of 

each additive, applying the rest of the best conditions and 

measuring the absorbance of the product, calculating the 

error and recovery ratio, taking into consideration consider 

the dilution of the resulting solution to 25 mL with distilled 

water, the interference effects are acceptable if the error 

ratio does not exceed (2%). when compared to 

measurements without overlaps (Ahmed and Shahla 2019), 

(Each value is a three-reading average). We can see that the 

existence of additives has no effect on the thymol 

estimation methods by looking at the values of (percent 

Error) and (Recovery percent), the existence of additives 

had an effect on the absorption of the colored compound, 

as shown in Table 5, Notice the effect of such additives on 

the thymol estimation process by pursuing values of 

percent error and percent recovery. 

Table 3. Analytical Parameter for Determining thymol 

Parameter Value 

beer’s law limit (ppm) 0.25-50 

Molar Absorptivity (L / mol.cm) 2.2883 x 103 

Correlation Coefficient 0.9989 

Limit of Quantitation (LOQ) ppm 0.3682 

Sandell’s sensitivity(μg / cm2) 0.052 

Limit of Detection (LOD) ppm 0.1104 

Determination Coefficient 0.9994 

Intercept (a) 0.0640 

Slope (b) 0.0192 
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 Table 4. Value Accuracy and Precision for the product compound of thymol 
 

Concentration of thymol (ppm) 
Relative % error % Recovery % R.S.D 

Percent Found 

2.5 2.440 -2.400 97.600 0.900 

25 25.360 1.440 101.440 0.181 

37.5 37.440 -0.160 99.840 0.127 

 

 

 
Table 5. The effect of the presence of additives at a concentration 

of (25 ppm) on the absorbance of the compound thymol 

Interference % Error % Recovery 

lactose -1.780 98.220 

Talc - 0.955 99.045 

starch 0.995 100.995 

Acacia 0.546 100.546 

Sucrose - 1.245 98.755 

Glucose 1.274 101.274 

magnesium citrate - 0.170 99.830 

Benzoic acid - 0.887 99.113 

aspartame 0.430 100.430 

Mannitol - 0.661 99.339 

Cross povidone 0.740 100.740 

Twin 80 0.395 100.395 

Titanium dioxide - 0.570 99.430 

Microcrystal cellulose - 1.150 98.850 

Sucrose 0.120 100.120 

 

 
Figure 9. Probable mechanism of reduction in silver and ions by 

thymol (Alavi and Naser 2019). 

 

 

 
Figure 10. Mechanism of the generation of AgNPs at room temperature (Ganash 2019) 
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Application of the methods 

To see if the methods proposed are effective, A number 

of pharmaceutical formulations containing thymol in 

pharmaceutical solutions had to be added according to the 

methods used, and a diluted solution had to be prepared 

(250 ppm), take three different volumes of each solution 

that was prepared, and apply the steps used to prepare the 

calibration curve, then calculate the accuracy of the 

analytical method used with these prepared solutions and 

all of the studied reactions is compatible with the results 

obtained for a variety of pharmaceutical preparations, show 

the effectiveness and success of the proposed method in 

applying to pharmaceutical preparations, as shown in Table 

6. Each value in the table is the average of three readings, 

and to compare the effectiveness and success of proposed 

analytical methods with the results of a well-known and 

reliable method (found within the British and American 

pharmaceutical industries) of substance pure drug and its 

various forms of pharmaceutical preparations available on 

the market, the measured results for F and T are 9.28 and 

2.45, respectively (Harvey 2000; Christian 2004; Moffat et 

al. 2011), we could see that the measured value is less than 

the theoretical value, indicating that the method is reliable. 

Biological activity 

Nanoparticles Antibacterial activity and antibiotics 

were tested against known human pathogens using a disk 

diffusion assay, and antibiotics with NPs showed a larger 

inhibition zone than antibiotics and NPs alone, this 

demonstrates the possibility of nanoparticles and antibiotics 

working together in a synergistic manner Bhosale et al. 

(2015) as in the following Table 7. 

Silver nanoparticles were also studied on their own or 

in conjunction with antibiotics, with the findings indicating 

that they had antibacterial effects and synergistic activity 

(Hwang et al. 2012), the study centered on the 

susceptibility of microorganisms to silver nanoparticles, 

antibiotics, and their combined effects; when nanoparticles 

and antibiotics were given together, the diameter of the 

inhibition zone increased by a minimum of 2 to 4 mm 

(Geoprincy et al. 2014; Nikparast and Mahsa 2018) the 

dose-dependent capacity of AgNPs to inhibit the activity of 

biofilms produced by human pathogens identified under in 

vitro conditions is used to inhibit biofilm growth. 

According to these results, biologically synthesized AgNPs 

inhibited biofilm activity in all of the bacterial strains 

studied Gurunathan et al. (2014) as in the following Figures 

11-14. 
 

 

 

Table 6. F, t compare the accuracy and reliability of the proposed process with the standard nanoparticles composition reaction method 

Between thymol and silver ion nanoparticles (Moffat et al. 2011) 

 

Preparation thymol 

Containing 

Deliberated process Official process 

Conc. of thymol (ppm) 
Re % R.S.D% 

Conc. of thymol (ppm) 
Re% R.S.D% 

Percent Found Percent Found 

Fresh Burst wash mouth ADA, 

American dental association 

2.5 

25 

37.5 

2.390 

25.310 

37.390 

95.600 

101.240 

99.710 

0.909 

0.181 

0.127 

2.5 

25 

37.5 

2.520 

24.830 

37.820 

100.800 

99.320 

100.720 

0.819 

0.561 

0.427 

         

Cool mint wash mouth ADA, 

American dental association 

2.5 

25 

37.5 

2.390 

25.050 

37.340 

95.600 

100.20 

99.580 

0.917 

0.173 

0.128 

2.5 

25 

37.5 

2.460 

24.910 

37.891 

98.400 

99.640 

101.042 

1.098 

0.570 

0.133 

         

Mouth and Dental wash Zak 

Egypt 

2.5 

25 

37.5 

2.410 

24.940 

37.290 

96.400 

99.760 

99.440 

0.925 

0.184 

0.128 

2.5 

25 

37.5 

2.451 

25.340 

37.620 

98.040 

101.360 

100.320 

0.198 

0.358 

0.274 

         

Pure 

thymol 

2.5 

25 

37.5 

2.440 

25.360 

37.440 

97.600 

101.440 

99.840 

0.900 

0.181 

0.127 

2.5 

25 

37.5 

2.472 

24.870 

37.555 

98.880 

99.480 

100.146 

1.014 

0.482 

0.344 

F- value 0.102 

t-value 0.914 

 

 

 

Table 7. Antibacterial effects of silver nanoparticles against Gram-negative and Gram-positive pathogenic bacteria 

 

Types of bacteria Antibiotics 
Silver nitrate 

(inhibition zone) 

Silver nanoparticles 

(inhibition zone) 

Antibiotics 

(inhibition zone) 

Antibiotics with 

silver nanoparticles 

(inhibition zone) 

Klebsiella pneumoniae Thymol 7 m.m 12 m.m 11 m.m 15 m.m 

Escherichia coli Thymol 6 m.m 13.5 m.m 13 m.m 14 m.m 

Staphyllococcus aureus Thymol 6 m.m 8 m.m 0 m.m 9 m.m 

Enterococcus faecalis Thymol 5 m.m 6 m.m 0 m.m 7 m.m 
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Figure 11. Effect of Antibacterial of Silver nanoparticles contra 

Klebsiella pneumonia 

 

 

 
 

Figure 12. Effect of Antibacterial of Silver nanoparticles contra 

Escherichia coli 

 

 

 
 

Figure 13. Effect of Antibacterial of Silver nanoparticles contra 

Staphyllococcus aureus 
 

 

 
 

Figure 14. Effect of Antibacterial of Silver nanoparticles contra 

Enterococcus faecalis 

  

In conclusion, simple and rapid quantitative 

spectrophotometric method based on direct assessment of 

thymol formed both in its pure form and in pharmaceutical 

preparations, based on modified nanoparticles as color 

sensors by the interaction of thymol oxidation and 

reduction with silver nitrate. The suggested spectral method 

for estimating thymol produced high sensitivity, low 

detection, and a good linear range. Colored products are 

characterized by their high stability in the water medium, 

and this method has good accuracy and precision . The 

method does not necessarily require any model pre-

treatments or solvent extraction. The method was effective 

in estimating thymol in pharmaceutical preparations, and 

the results were in line with the original content. The 

statistical results t, F test of the proposed spectral method 

compared to the standard method revealed no significant 

differences in the accuracy and reliability of the method, as 

well as the validity of the analytical application of this 

method. The prepared sample was applied to some bacteria, 

as well as its efficacy in reducing the bacteria wall's 

resistance was clear. 
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Abstract. Siregar LAM, Angkat NU, Damanik RI. 2021. Characterization and evaluation of the variability of dragon fruit accessions in 

Dairi District, North Sumatra Province, Indonesia. Nusantara Bioscience 13: 138-145. Many types of dragon fruits were planted in 

Dairi District of North Sumatra Province without much information of their importance in economic values. Therefore, this study was 

carried out to evaluate the variability of the dragon fruit population in this region to assist the local farmers in selecting the best species 

for planting. This study used a morphological observation method based on dragon fruit descriptor employing a purposive sampling 

technique. A total of 56 dragon fruit accessions collected from Sidikalang, Sitinjo, and Siempat Nempuhulu Sub-districts were studied 

and characterized based on the morphological characteristics of stems, flowers, and fruit. The results showed some variations in the 

stem, flower, and fruit morphology among the studied population. The dragon fruit plant that is widely cultivated by farmers in three 

sub-districts of Dairi District is a species of Hylocereus polyrhizus. Phenotypic diversity analysis showed seven quantitative characters 

with broad criteria of eighteen characters observed, namely stem length, pericarpel length, number of lobes, flower shoot length, number 

of bractea, bractea peak length, and fruit weight. However, phenotypic diversity analysis indicates they are closely related to each other 

except for accession D17 the red dragon fruit or red pitaya (Hylocereus spp.), and it could be the exotic species for nation-wide planting 

in Indonesia.  

Keywords: accession, Dairi District, dragon fruit, morphological characteristic, phylogenetic  

INTRODUCTION 

Dragon fruit (Hylocereus spp.), also known as pitaya or 

pitahaya, belongs to the Cactaceae family. The genus 

Hylocereus recently was included in Selenicereus group 

(Korotkova, et al. 2017). The plant is native to Central 

America and it was spread from Florida to Brazil. There 

are about 14 major Hylocereus species in America but the 

popularly cultivated worldwide species are Hylocereus 

undatus, H. monachantus, and H. megalanthus (Hernandez 

and Salazar 2012).  

Dragon fruit plants were introduced into Indonesia 

around year 2000 from Thailand. They were later 

cultivated as an agricultural crop in some areas such as 

Yogyakarta, Malang, Mojokerto, Bogor, and Jember (Purba 

2012). At this time, dragon fruit has been widely known in 

various regions of Indonesia. Initially, this fruit was 

difficult to find in traditional markets and could only be 

found in certain supermarkets, but with the increasing area 

and spread of planting areas, dragon in fruit marketing has 

spread to various circles of society including in traditional 

markets. However, it is still a relatively new crop, hence 

the dragon fruit in Indonesia still has a low diversity 

(Santoso 2013; Winarsih 2010). Until now, the cultivation 

of dragon fruit in Indonesia is still concentrated in a few 

areas such as the islands of Java, Sumatera, and 

Kalimantan.  

There are two peel types of dragon fruits that have been 

released in Indonesia. They are the white flesh and the red 

flesh dragon fruits (Kristanto 2008). Phenotypic and 

genotypic characterization of dragon fruits would be useful 

for the dragon fruit plant breeding program. However, the 

characterization based on morphological and cytological 

characters is still limited for the dragon fruits until today. 

The availability of this information would be of great 

assistance in developing an appropriate method for the 

cultivation of a particular species (Setyowati 2008). Studies 

have found that high variation in characteristics of 

agronomic importance, even within the same species of 

Hylocereus is considered valuable for future breeding 

studies (Tran and Yen 2014). 

Several studies related to the diversity of dragon fruit 

have been reported. Rahmawati and Mahajoeno (2009) 

reported a study of variations of dragon fruit based on 

morphology, isozyme, and vitamin C content in the area of 

Pasuruan (East Java), Sukoharjo, and Klaten (Central Java), 

and Bantul sub-districts (Yogyakarta). Tran and Yen 

(2014) reported a study on pollination methods on fruit set 

and fruit characters in several Pitaya clones, which aimed 

to improve pollination efficiency, fruit quality, and yield by 

determining pollination agro-management requirements. 

Cultivation of dragon fruits has been undertaken in 

Dairi District, North Sumatra, for more than five years but 

on a small scale. Due to the lack of information on the 

origin and scientific information about the genotypes 

cultivated, this research was conducted to study the 

morphological and related characters of dragon fruit in the 

highlands of Dairi District, North Sumatra. This study can 

mailto:luthfi1@usu.
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be an initial reference and source of germplasm to carry out 

further studies in the field of plant breeding utilizing 

genotypes or accessions of dragon fruit cultivated in North 

Sumatra. 

MATERIALS AND METHODS 

This study was conducted from April to June 2017 at 

the dragon fruit farms in the Sitinjo, Sidikalang, and 

Siempat Nempuhulu Sub-districts in Dairi District of North 

Sumatra.  

 The research location was determined by first 

obtaining information on the number of dragon fruit 

farmers through the local government in 3 sub-districts in 

Dairi District, North Sumatra, namely Sidikalang Sub-

district, Sitinjo Sub-district, and Siempat Nempuhulu Sub-

district. Based on this information, 14 farmers have been 

practicing dragon fruit cultivation for more than three 

years. For every one farmer's land, 4 (four) plant accessions 

were taken as sample plants, therefore 56 (fifty-six) sample 

plants were obtained which were used in this study. The 

study samples used were healthy disease-free dragon fruits 

at flowering and fruiting stages. A purposive sampling 

method was used on accessions in each study area. Data 

collection was conducted by observing morphological 

characters qualitatively and quantitatively (Table 1) based 

descriptor guidebook International Union for The 

Protection of New Varieties of Plant (UPOV) for dragon 

fruit plants. 

The qualitative and quantitative data were standardized 

and the phylogenetic was analyzed by using IBM SPSS 

program (Statistical Package for the Social Sciences) 

version 21 with cluster analysis to determine the degree of 

relationship between the accession of each sample. Cluster 

analysis was used to visualize the multivariant data (of the 

measured parameter) survey. Cluster analysis resulted in a 

dendrogram used to assess patterns of diversity of the 

survey data. Agglomerative Hierarchical Clustering with 

average linkage (between-group) method was used 

according to Mongi (2015) as stated below.   

 

with: 

Where: 

di, j : the distance between the object i with the object k 

xik : object value i at the variable to-k 

xjk : object value j at the variable to-k 

p   : number of variables cluster 

In addition, the phenotypic diversity value was 

calculated according to the following equation (Steel et al. 

1997): 

 
Where: σ 2p is the diversity of phenotypes, xi is the 

sample values of –i, and x is the value of the sample 

average of –i. 

The standard deviation of phenotypic diversity was 

calculated as: 

 

 is the standard deviation of phenotypic diversity 

 

The criteria for assessing the breadth and depth of 

phenotypic diversity are determined based on the following 

conditions (Mansyah et al. 2003): 

- If > 2 , it means that the diversity is wide. 

- If > 2 , it means that the diversity is narrow. 

 

 

Tabel 1. The qualitative and quantitative characters of dragon fruit observed in this study 

 

Organ 
Characters 

Qualitative Quantitative 

Stem Stem surface texture 

Color of thorns 

Bone edges shape 

The intensity of gray on areoles 

 

Stem length (cm) 

Stem width (cm) 

Distance between areoles (cm) 

Arch height (mm) 

Long thorns (mm)  

   

Flower Flower bud shape 

Flower bud shape of the apex  

Flower bud color 

The intensity of red color of bract 

Sepal main color 

Sepal: pattern of secondary color 

Cleavage of the pistil lobe  

Color of stigma lobes 

Flower bud: length of the pericarpel (cm) 

Flower bud: width of the pericarpel (cm) 

Flower bud: length of the perianth (cm) 

Length of style (cm) 

Number of stigma lobes  

   

Fruit Position of bracts towards the peel 

The main color of middle bracts 

Color of peel (exclude bracts) 

Color of flesh 

 

Fruit length (cm) 

Fruit width (cm) 

Fruit: ratio length/width 

Fruit: number of bracts 

Length apical of bracts (cm) 

Width of the base of the bracts 

(cm) 

Thickness of peel (mm) 

Sweetness 

Fruit weight (g) 
 

 

2p = (xi- x)2 

     N 
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RESULTS AND DISCUSSIONS 

Morphological diversity of dragon fruits in Dairi District 

Results obtained from the 56 accessions of dragon fruit 

planted from three sub-districts in Dairi District, North 

Sumatra showed that there were differences in several 

morphological characters of stems, fruits, and buds. 

However, there were also similarities in terms of flower 

crown color, lobe color, and spine color among the study's 

accessions. 

The stem morphology used for the characterization 

study was stem length, stem width, arch height, the texture 

of the stem surface, and the shape of the bone edges of the 

stem (Figure 1). Most of the dragon fruit plants have a 

triangular stem with smooth surface textures. Some stem is 

rectangular in shapes such as G1 and G19, while some 

have a rough texture like those in G3. In addition, the 

character of the bone edges found is convex, but in G17 

accession is flat.  

According to plantation owners, the G1 accession is an 

unknown variety, while G19 accession is the Super-red 

hybrid variety. According to Rahmawati and Mahadjoeno 

(2009), the dragon fruit plants planted in Pasuruan, 

Sukaharjo and Bantul have significant differences in stem 

morphology between the different species/varieties. The 

variations in stem morphology such as curvature of the 

stem, margin hardness (presence of sclerenchyma), 

distance between areoles, number of spines, rib height, rib 

thickness, length, color of the stem, and are considered 

important for species differentiation (Mejia et al. 2013). 

The results of descriptive observations on the 

morphology of flowers showed that the length of the 

pericarpel, the length of the flower shoots, the length of the 

stigma, and the number of lobes were different in some of 

the observed accessions. Floral morphology such as flower 

bud shape, the color of flower bud, and petal pattern were 

found to be different in several accessions. The flower buds 

of dragon fruit plants are generally oval in shape (narrow 

ellipse and medium ellipse), but accessions G1, G11, G38, 

G43, G48, G49, G50, G52, and G53 have intense red round 

flower buds. All have similar white flower crowns. 

However, the pattern of flower petals found is a pattern of 

petals on the edge and has no pattern (Figure 2). 

 

 

 

Length of stem 

segment  

 
G44 accession, 

short stem length 

 
G51 accession, 

medium stem length 

 

G56 accession, 

long stem length 

Width of stem and 

arch height      
G41 accession, 

small trunk width with high arch 

height 

 
G29 accession, 

medium stem width with medium arch 

height 

 
G26 accession, 

large trunk width with small arch 

height 

Stem surface 

texture 

 
G3 accession, 

rough 

 
G33 accession, 

medium 

 
G35 accession, 

smooth 

Bone edge shape 
 

G17 accession, 

Flat 

 
G33 accession, 

convex 

 
G43 accession, 

convex 
 

Figure 1. The morphological characters of the stems showing a variety of phenotypes 
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Flower bud shape 

 
G1 accession, 

circular bud 

 
G4 accession, 

medium elliptical bud 

 
G12 accession, 

narrow elliptical bud 

Bud flower color 

 
G55 accession, 

strong reddish 

 

 
G24 accession, 

yellowish-green with a weak 

red color 

 
G31 accession, 

greenish-yellow with a 

medium red color 

Petal pattern 

 
G7 accession, 

on the edge 

 
G16 accession, 

there is no pattern 

 
G12 accession, 

there is no pattern 

 

Figure 2. Phenotypic diversity in flower morphology  

 

 
Tabel 2. Stem characteristics of 56 accessions of dragon fruit 

plants showing broad phenotype diversity in Dairi Sub-district, 

North Sumatra Province 

 

Value 

Morphological of stem characteristic 

Length of 

stem 

segment 

(cm) 

Width of 

stem 

(cm) 

Arch 

height    

(mm) 

Distance 

between 

areoles 

(cm) 

Length 

of spine 

(mm) 

X 81.75 6.24 4.76 4.59 3.14 

σ2p 1243.8 1.85 2.39 0.96 0.91 

Sd σ2p 35.2 1.36 1.54 0.98 0.95 

2Sd σ2p 70.4 2.72 3.09 1.96 1,90 

Criteria Broad Narrow Narrow Narrow Narrow 

Note:X: mean value; σ 2p: diversity of phenotypes; Sd σ2p is 

standard deviation of phenotypic diversity 

 

 

Castillo et al. (2005) found that the major differences 

between accessions were presented in the characteristics of 

reproductive structures. Tran and Yen (2014) reported that 

three similarities in all clones were confirmed, including 

the spherical button shape of the medium elliptical, the 

petal color of white, and the stigma lobe color of cream. In 

part, the differences were recorded at the dimension of 

mature bud and part structures of flowers. 

The fruit morphology in dragon fruit is important for 

characterization study to differentiate one species from 

another. It was found that dragon fruits in Dairi District 

have different fruit morphological in terms of fruit shape, 

number of bractea, and the position of bractea. The shape 

of the fruit could be categorized as medium (as in G9), 

elongated (as in G13), and compressed (as in G41). The 

number of bractea correlates with the base width of the 

bractea, where dragon fruit with a large number of bractea 

has a narrow base width. The position of the bractea that 

was found was upright and attached (adpressed) (as in 

G20), slightly held out (as in G6), and strongly held out (as 

in G22) (Figure 3).  

Based on the character of pink to red flesh color and red 

fruit skin, it can be concluded that the dragon fruit that 

farmers in Dairi District widely cultivate is a species of H. 

polyrhizus. Sudarjat et al. (2019) reported that four dragon 

fruit accessions have different characterizations, including 

growth and the ability to adapt to certain environments. 

There are three types of dragon fruit: Hylocereus undatus, 

pink skin with white flesh; H. polyrhizus, red flesh with 

pink skin; H. costaricencis, violet red flesh with pink skin 

and Hylocereus (Selenicerus) megalanthus, white flesh 

with yellow skin (Le Bellec et al. 2006). Fruit set, fruit 

weight, and total soluble solid content of four pitaya clones 

were differently influenced by pollination types (Tran and 

Yen 2014). 

Phenotype diversity 

Based on the analysis of phenotypic diversity by 

comparing the standard deviation values, it can be seen that 

in the morphological characterization of the stem there are 

(one character with broad phenotypic diversity criteria, 

namely length of the stem, and four narrow phenotypic 

diversity, namely width of stem, arches high, the distance 

between areoles and the length of the spines (Table 1). 

According to De Dios (2005), most species of Hylocereus 

were similar in stem and flower morphology. 
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Length/width ratio 

 

 
G13 accession, 

Moderately elongated 

 

 
G9 accession, 

medium 

 

 
G41 accession, 

moderately compressed 

Bractea position 

 
G20 accession, 

adpressed 

 
G6 accession, 

slightly held out 

 
G22 accession, 

strongly held out 

The color of the flesh 

 
G16 accession, 

dark pink 

 
G6 accession, 

medium pink 

 
G36 accession, 

dark red 

 

Figure 3. Fruit morphological characters showing phenotypic diversity 

 

 

Table 3. Flower characteristics of 56 accessions of dragon fruit plants showing broad phenotype diversity in Dairi Sub-district, North 

Sumatra Province, Indonesia 

 

Value 

Morphological of flower characteristic 

Length of 

pericarpel (cm) 

Width of 

pericarpel (cm) 

Lenght of stigma 

(cm) 

Number of stigma 

lobes (unit) 

Length of the top 

flower (cm) 

Length of 

pericarpel (cm) 

X 15.86 4.07 15.3 26.71 16.29 15.86 

σ2p 5.81 0.38 2.16 5.75 5.57 5.81 

Sd σ2p 2.41 0.61 1.47 2.40 2.36 2.41 

2Sd σ2p 4.82 1.22 2.94 4.79 4.72 4.82 

Criteria Broad Narrow Narrow Broad Broad Broad 

 

 

In flower morphological characterization, there are 

three characters with wide phenotypic diversity, namely 

length of pericarpel, number of lobes, and length of top 

flower; and two characters with narrow phenotypic 

diversity, namely width of pericarpel and length of stigmas 

(Table 3). Whereas for fruit morphological 

characterization, there were three characters with wide 

phenotypic diversity: number of bractea, length of apex 

bractea, fruit weight. Five characters with narrow 

phenotypic diversity were fruit length, fruit width, length of 

base bracts, the thickness of peel, and the sweetness of the 

fruit (Table 4). Apart from differences in species or 

accessions, differences in fruit morphology can be related 

to changes in the physiological level of dragon fruit at 

various stages of fruit development (Kammapana et al. 

2013). The main differences among several Hylocereus 

species were the size and color of the fruit and the number 

and form of the spines (De Dios 2005). There are several 
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species of dragon fruit that were cultivated in Indonesia, 

they are white dragon fruit (H. undatus); red dragon fruit 

(H. polyrhizus); purplish-red dragon fruit (H. 

costaricensis); and yellow dragonfruit (H. megalanthus) 

(Andoko and Nurrasyid 2012).  

Phylogenetic of dragon fruits in Dairi District 

The relationship between 56 accessions of dragon fruit 

plants planted in Dairi District could be evaluated based on 

the dissimilarity value between accessions. The smaller the 

dissimilarity value between one variable and another, the 

closer the relationship between variables is (the more 

similar), on the contrary, the greater the dissimilarity value, 

the higher the dissimilarity between variables. The lowest 

dissimilarity value (3.790) of dragon fruit plants was 

accession G19 and G24, identified in Dairi planted in 

Sidikalang Sub-district, Sitinjo Village 2. The close 

relationship between G24 and G19 was indicated by the 

existence of six different characters (bractea position on 

fruit, fruit flesh color, spines length, pericarpel width, fruit 

width, fruit sweetness) out of the 35 observed characters. 

The highest dissimilarity value (12.773) was obtained in 

G1 accession found in Sidikalang Sub-district, Batang 

Beruh Village, and accession G17 found in Sidikalang Sub-

district, Sitinjo Village 2, with 19 character differences 

from the studied 35 characters. These 19 different 

characters were stem texture, bone edge shape, red-colored 

flower buds. flower bud shape and, flower bud color, 

cleavage on the lobe, length/width ratio, fruit skin color, 

pulp color, the main color of bractea, distance between 

areoles, length of thorn, length of bractea peak, skin 

thickness, base width bractea, fruit sweetness, fruit weight, 

and fruit length. Results showed dissimilarity values of 

other accessions in Dairi District as in Table 5. 

Based on dendrogram grouping (Figure 4) there are 

two, three, and four groupings at 25, 20, 17 euclidean 

distance scales, respectively. The small euclidean distance 

scale indicates the studies' accessions are closely related 

and have more similar characters.  

On 25 euclidean distance scale, the accessions we 

classified into two groups. The first group consisted of 55 

accessions of dragon fruit plants, namely G1, G2, G3, G4, 

G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, 15, G16, 

G18, G19, G20, G21, G22, G23, G24, G25, G26, G27, 

G28, G29, G30, G31, G32, G33, G34, G35, G36, G37, 

G38, G39, G40, G41, G42, G43, G44, G45, 46, G47, 48, 

49, G50, G51, G52, G53, G54, G55, G56. This group is 

united by a special character, namely the convex edge of 

the stem bone. The second group consisted only of G17 

accessions, which did not form groups with other 

accessions. A special character that separates G17 from 

other accessions is the flat edge of the stem bone.  

On a scale of 20, there are three groupings of 

phylogenetic relationships. The first group consisted of 52 

accessions of dragon fruit plants, namely G2, G3, G4, G5, 

G6, G7, G8, G9, G10, G11, G12, G13, G14, 15, G18, G19, 

G20, G21, G22, G23, G24, G25, G26, G27, G28, G29, 

G30, G31, G32, G33, G34, G35, G36, G37, G38, G39, 

G40, G41, G42, G43, G44, G45, G46, G47, 48, 49, G50, 

G51, G52, G53, G54, G56. This group is connected by a 

special character that is an edge of the stem bone which is 

convex and the yellowish-green flower buds. The second 

group consisted of G1, G16, and G55 accession. This group 

is related to special red flower buds. The third group 

consisted of a single accession that is G17 with a special 

character that is a flat edge of the stem bone. 
 

 
 

Figure 4. Dendrogram grouping based on quantitative and qualitative characters of dragon fruit accession obtained from Dairi District, 

North Sumatra Province, Indonesia 
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Table 5. The relationship of dragon fruit accessions in Dairi 

District, North Sumatra, based dissimilarity matrix 

 

Number Phylogenetic Dissimilarity 

1 G19 G24 3.790 

2 G45 G46 3.881 

3 G31 G32 4.040 

4 G41 G50 4.727 

5 G20 G21 4.831 

6 G26 G28 4.961 

7 G53 G7 4.964 

8 G6 G56 5.049 

9 G35 G37 5.063 

10 G27 G51 5.198 

11 G18 G23 5.226 

12 G2 G26 5.238 

13 G10 G49 5.332 

14 G39 G42 5.466 

15 G5 G6 5.528 

16 G47 G48 5.532 

17 G33 G36 5.834 

18 G30 G40 5.876 

19 G27 G38 6.997 

20 G38 G50 7.003 

21 G39 G52 7.018 

22 G37 G19 7.035 

23 G25 G52 7.036 

24 G54 G45 10.162 

25 G18 G16 10.250 

26 G8 G34 10.401 

27 G16 G22 10.495 

28 G17 G1 12.773 

 

 

 

On a scale of 17, four distinct groups were observed. 

The first group consisted of 50 accessions of plants G2, G4, 

G5, G6, G7, G8, G9, G10, G11, G12, G13, G15, G18, G19, 

G20, G21, G22, G23, G24, G25, G26, G27, G28, G29, 

G30, G31, G32, G33, G34, G35, G36, G37, G38, G39, 

G40, G41, G42, G43, G44, G45, 46, G47, 48, 49, G50, 

G51, G52, G53, G54, G56. The second group consisted of 

G3 and G14 which are related to 11 similar characters The 

third group consisted of G1, G16, and G55. The fourth 

group is only G17 which segregates itself. 

Results obtained showed that the relationship between 

the dragon fruit accessions understudied could be 

categorized as relatively close. Cahyarini et al. (2004) 

stated that two or more accessions/accessions can be said to 

be similar if the similarity distance or similarity level is not 

less than 0.60 or 60%. Hence it can be said that the fifty-six 

accessions observed had close relationships with each 

other. According to the dragon fruit plant owners, the 

dragon fruit plants are reproduced by stem cuttings and 

thus have a high level of genetic similarity. Dragon fruit 

plants are found scattered in some areas, there is the 

possibility that they come from a single genetic source with 

different genetic types and then dispersed to various places 

with the help of humans. This is also consistent with 

research conducted by Rahmawati and Mahajoeno (2009) 

and Grimaldo-Juarez et al. (2007) that purplish-red and red 

dragon fruit were in the same group, hence they had a close 

relationship with each other. Although the G17 accession is 

in a separate group because it is the shape of the flat bone 

edges. Morillo et al. (2016) stated that several 

morphological characteristics can be described to 

distinguish various types of dragon fruit species. One of the 

most important characteristics of Hylocereus to distinguish 

it is the morphology of the stem (Grimaldo-Juarez et al. 

2007). 

Studies in other countries have found high variation in 

characteristics of agronomic importance, even within the 

same species of H. undatus which is considered favorable 

for future breeding studies (Tel-zur et al. 2011). Several 

accessions of dragon fruit plants have distinctive 

morphological characters and can be used as a good 

material source breeding programs or as propagation 

materials due to several characters, such as high total 

soluble sugar characters as found in G51, G53 G1, G8, 

G12, G27 (19.4-20.0 Brix), the large fruit size of G36, the 

thin thickness of fruit peel in G17 and G25. Such 

characteristics are attractions for dragon fruit marketing. 

In conclusion, stem, flower, and fruit morphological 

characters could be used for the characterization of dragon 

fruit variants in Dairy District, Indonesia. Characteristics of 

pink to red flesh and red fruit skins indicate that the dragon 

fruit plant that farmers in Dairi District widely cultivate is a 

species of H. polyrhizus. Based on the analysis of 

phenotypic diversity, quantitative characters with broad 

criteria, namely stem length for stem morphology; the 

length of pericarpel, number of lobes, length of top flower 

for flower morphology; and number of bractea, length of 

apex bractea, fruit weight for fruit morphology. Based on 

phenotypic diversity, most of the accessions planted in this 

area are closely related.   
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