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Genetic Relationship between Acetylcholine Esterase and Blood Haematological and 

Biochemical Traits in Male and Female Broiler Lines 

 
1Badmus, K.A., 3Adeyinka, I.A., 2Kabir, M., 4Orunmuyi, M., 1Chana, I.M., 1Makinde, O.J., Dunya, A.M. 

1Dept. of Animal Science, Faculty of Agriculture, Federal University, Gashua, Yobe State, Nigeria 

2Animal Breeding and Genetic Unit, Department of Animal Science. A.B.U., Zaria, Nigeria  
3National Animal Production Research Institute (NAPRI), Shika, Zaria, Nigeria. 

4Federal University, Oye-Ekiti, Ekiti State, Nigeria 
 

Abstract 

 

This study was conducted to genetically evaluate the relationship between acetylcholine esterase (AChE) and 

blood haematological and biochemical traits of male and female broiler lines at National Animal Production 

Research Institute (NAPRI),Shika, Nigeria. Data on blood sample were collected from twenty four birds 

sampled from male line, female line, male and dam control. Blood samples were taken from the wing veins of 

the birds and stored in heparine and non anticoagulated tubes for haematological and serum analysis 

respectively. The results of this study revealed that there were no significant (P>0.05) differences in 

acetylcholine esterase and other blood parameters except in serum alkaline phosophatase (SAP) where 

significant (P<0.05) differences were observed. There were positive, high and significant (P<0.001) 

phenotypic correlations between acetylcholine esterase and serum alkaline phosphatase and positive 

correlation was observed between AChE and total protein in the male line but negative with other blood traits 

measured. The correlations between AChE and blood traits were negative in female line. It is therefore 

concluded that the non-significant (P>0.05) difference obtained in the AChE implies that it is not affected by 

lines. It should therefore be noted that, AChE can be used as a marker for selection for improved blood 

biochemical traits.    

 
Keywords: Broiler birds, Acetylcholine esterase, blood traits and phenotypic correlations 

 

INTRODUCTION  

The major sources of poultry meat in Nigeria are broiler chicken, spent layers and cockerels. Broilers 

are specially made for meat production because they have short turn-over rate, better feed conversion 

ratio, rapid growth rate and ability to utilize feedstuffs and bi-products regarded as wastes to man. 

The performance of broiler birds is determined by its genotype and environmental factors 

(Boukwamp et al., 1973; Edward and Denman, 1975).In general, blood examination is performed for 

several reasons as a screening procedure to assess general health condition (Jain, 1993). A significant 

difference in serum acetylcholine esterase and haematological traits of groups of birds could be of 

value to breeders for selection in early life. AChE is the found primarily in the blood, brain and 

muscle and regulates the level of the neurotransmitter at the cholinergic synapsis of muscarinic and 

nicotinic receptors (Christine et al., 2015). Generally, strong evidence supporting the linkage of 

AChE inhibitor and acetylcholine accumulation with acute mortality was reported by Christine et al., 

2015. AChE is an enzyme that catalyzes the breakdown of acetylcholine and of some other choline 

esters that function as neurotransmitters. This study was therefore designed to determine the genetic 

relationship between AChE and blood traits in male and female broiler lines in NAPRI, Shika, Zaria. 

 

MATERIALS AND METHODS  

 

Experimental Site and Birds 

The research was carried out at the Poultry Research Unit of National Animal Production Research 

Institute (NAPRI) Shika, Zaria, Kaduna State. Shika lies between latitude 110 12`N, longitude 70 
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33`E and at altitude of 640m above sea level. The area falls within the Northern Guinea Savannah 

having an average annual rainfall of 1100mm. (Akpa and Jokthan, 1996). 

The birds used for this study comprised of 4 groups each of sire line, dam line, sire control and dam 

control line from a collapsed groups of Hubbard and Anak broiler birds in National Animal 

production Research Institute (NAPRI). Water and feed were provided ad-libitum.  

 

Data Collection and Analysis 

Blood samples were taken from the wing veins of the 6 birds sampled from each group and stored in 

heparine tubes for haematological analysis. Another blood samples were collected into non 

anticoagulated tube for serum analysis of Alkaline phosphatase and other blood chemistry which 

include Total Protein (TP) and Acetylcholine esterase (AChE). The haematological parameters 

considered were pack cell volume (PCV), Haemoglobin counts (Hb) and Red blood cell (RBC). 

Blood pH was determined by using digital electric pH meter (JENCO model No. 608 USA) 

immediately after blood samples collection. Haemoglobin counts were determined by the 

cyanomethanoglobin method. RBC was determined by a manual method using hematocytometer 

(Campbell 1995). Pack cell volume (PCV) was obtained by drawing heparinised blood into micro 

haematocrit tube and centrifuged at 11000rpm for 3 minutes, and then haematocrit values were 

determined and expressed as a percentage of pack cell volume (PCV). The platelets were separated 

from other elements by method described by Cruz 2013. For the serum alkaline phosphatase (SAP), 

acetylcholine (Ach) and total protein (TP), blood sample was allowed to coagulate and the serum 

was centrifuged for 16 hours to separate the serum. The serum was then deep frozen (-20ºC) until 

analysis. Methods described by Bassey et al. (1946), George et al. (1961) and Abd El Azim (2012) 

were  adopted for the analysis of (SAP), (Ach) and (TP) respectively. 

Data on blood traits were analysed using General Linear Model procedures of SAS (2002). 

Significant differences among means were separated using Duncan’s Multiple Range Test (Duncan 

1955).The genetic correlations between two traits were obtained by analysis of covariance 

(ANCOVA) using a procedure of statistical analysis system (SAS, 2002). The general formula for 

estimating correlation is as described by Falconer (1989). 

 

r =  

RESULTS AND DISCUSSION 

 

The results of the least squares means for the biochemical and haematological parameters for sire 

line, dam line, sire control and dam control is presented in Table 1 as reported by Badmus et al., 

2016. The values of the serum alkaline phosphatase (SAP) obtained in this study was 64.67µ/l for 

sire line, 63.33µ/l for dam line, 69.00µ/l for sire control and 63.17µ/l for dam control. The values for 

Acetylcholine esterase (Ach) ranged from 19.17 to 21.50mg/dl for all the lines. The values for total 

protein (TP) also ranged from 6.83 to 7.08mg/dl for all the lines. The haematological values obtained 

for sire line, dam line, sire control and dam control ranged from 2.29 to 2.53×106/mm3 for RBC, 28.78 

to 31.00% for PCV, 14.98 to 16.68g/dl for Hb, 27.17 to 29.87×106/l for platelet and 7.13 to 8.97 for 

pH. There was no significant (P>0.05) difference in all the biochemical and haematological traits 

observed except in the serum alkaline phosphatase. Biochemical and heamatological values are 

widely used to determine genetic relationship and pathological adaptations including general health 

condition of animals. There was no significant (P<0.05) difference obtained in AChE across the lines 

but significant (P<0.05) differences were obtained in SAP. The similarities obtained in the  blood 

traits for all the lines are indications that line had no effect on these traits and this showed absence of 

deleterious health implication due to lines. 
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The values of RBC, PCV and pH obtained in this study were not different from values obtained by 

Suchint et al.(2004) and Abd El Azim (2012), except for Hb which was higher than the value obtained 

by Abd El Azim (2012). The values of TP ranged from 6.83 to 7.08mg/dl and SAP ranged from 63.17 

to 64.67µ/l and these disagreed with the value obtained by Abd El Azim (2012) for TP (4.60) and 

SAP (143), respectively. The differences could be due to breed and environmental effects.  

 

Correlations 

The genetic correlations of AChE and blood traits are shown in Tables 2and 3. For sire line, AChE 

showed very high and positive correlations with SAP (0.670), high and positive with total protein 

(0.255) and moderate but negative correlations with PCV (-0.835) and high but negative with 

haemoglobin (-0.748) and RBC (-0.790). For dam line, correlations of AChE with all the parameters 

estimated were negative and ranged from low to high (-0.009 to -0.533). Correlations among 

haematological traits were high and positive (0.989*** to 0.997*** in sire line; 0.924* to 997*** in 

dam line). For sire control, AChE showed positive correlations (0.955**) SAP but negative with all 

the traits analyzed. For dam control, AChE showed negative correlations with all the parameters 

estimated and ranged from very low to moderate (-0.023 to -0.333) except with SAP (0.367) where 

high and positive correlations were obtained. Also, correlations among haematological traits were 

high and positive (0.980*** to 0.993*** in sire line; 0.980*** to 993*** in dam line) and this is an 

indication that they occupy the same portion of the blood.  

 

The positive and high correlation between AChE, SAP and TP in the sire line indicated that as one 

selects for AChE, there will be improvement that will be made on SAP and TP. The positive and 

high correlation obtained between serum AChE and SAP in both sire and dam control indicates strong 

relationship among these traits and this implies that AChE can predict growth performance of these 

birds since SAP helps in bone development. The high and positive correlations among the 

haematological parameters are an indication that they occupy the same portion of the blood and that 

selection for one can lead to improvement in the other.  

CONCLUSION 

 

From the results obtained in this study, the non-significant difference obtained in the AChE implies 

that it is not affected by line. High and positive genetic correlations of AChE  with SAP ( 0.670 in 

sire line; 0.955 in sire control and 0.367 in dam control) and total protein (0.670) in sire line are 

indications of linkage and pleiotropy effects and AChE can be used as a marker for selection for 

improved blood biochemical traits.  
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Table 1: The least squares means (±SE) of the blood biochemical and haematological parameters of 

sire line, dam line, sire control and dam control 

Traits Sire line Dam line  Sire control Dam control  

Ach(mg/dl) 21.50±1.600 20.83±1.610 21.33±1.600 19.17±1.610  
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SAP(mg/dl) 64.67±2.830b 63.33±2.830b 69.00±2.830a 63.17±2.830b  

TP(mg/dl) 7.05±0.880 6.83±0.880 7.08±0.880   6.92±0.880  

RBC(×106mm3) 2.29±0.096 2.38±0.105 2.41±0.096 2.53±0.096  

PCV (%) 28.78±1.153 29.82±1.263 29.85±1.153 31.00±1.153  

Hb (g/dl) 14.98±0.000 15.68±0.687 16.11±0.627 16.68±0.627  

Platelet (×106/l) 27.17±3.413 28.60±3.739 28.67±3.413 29.83±3.413  

pH 7.13±0.853 7.22±0.933 7.32±0.853 8.97±0.853  
a,b,c

 = Means with the same superscript within the same row for a particular parameter are not  

significantly (P>0.05) different. SAP=Serum Alkaline phosphatase, AChE=Acetylcholine  

esterase,TP=Total Protein, RBC=Red Blood Cell, PCV=Pack Cell Volume, Hb=Haemoglobin 

 

 

Table 2: Phenotypic correlation between AChE and blood traits of sire line (above diagonal) and 

dam line (below diagonal) 

 AChE SAP TP RBC PCV Hb 

AChE 1 0.670 0.255 -0.835 -0.748 -0.790 

Alp -0.009 1 0.670 -0.361 -0.290 -0.330 

TP -0.054 -0.254 1  0.176  0.266  0.230 

RBC -0.533 -0.165 0.271  1  0.989***  0.994*** 

PCV -0.446 -0.228 0.265  0.993***  1  0.997*** 

Hb -0.387 -0.080 0.574  0.924*  0.915*  1 

SAP=Serum alkaline phosphatase, AChE = Acetylcholine, TP=Total protein, RBC=Red Blood Cell, 

PCV=pack cell volume, Hb=Haemoglobin 

 

 

Table 3: Phenotypic correlation between AChE and blood traits of sire control (above diagonal) and 

dam control (below diagonal) 

 AChE SAP TP RBC PCV Hb 

AChE  1  0.955** -0.610 -0.105 -0.043 -0.086 

SAP  0.367  1 -0.658 -0.023  0.023  0.033 

TP -0.333 -0.023 1 0.519  0.456  0.369 

RBC -0.093 -0.469 0.465 1  0.993***  0.979*** 

PCV -0.172 -0.484 0.426 0.993***  1  0.980*** 

Hb -0.023 -0.520 0.280 0.980***  0.980***  1 

SAP=Serum alkaline phosphatase, AChE = Acetylcholine Esterase, TP=Total protein, RBC=Red 

Blood 

Cell, PCV=pack cell volume, Hb=Haemoglobin 
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In vitro  antibacterial activity of Lactobacillus strains in spontaneously fermented curd from 

Kanthale, Sri Lanka 

 
  D B Wickramaratne, D K Gunasena, Ph.D. 

Department of Microbiology, Faculty of Science, University of Kelaniya, Sri Lanka 

 
Abstract 
 

In the need of wild Lactobacillus strains to contest for the survival in a hostile environment, they produce 

higher amounts of antimicrobials such as bacteriocins. The Food & Agricultural Organization (FAO)/World 

Health Organization (WHO) has stipulated, that the in vitro production of antimicrobial substances as a major 

criterion for probiotic evaluation. In this study, 36 Lactobacillus strains were isolated from spontaneously 

fermented, traditional, buffalo curd samples and morphologically and biochemically identified up to species 

level. In vitro antibacterial effect of cell-free supernatants of isolated Lactobacilli was determined against; 

Salmonella typhi (NCTC 10787), Staphylococcus aureus (ATCC 25923), Bacillus cereus (ATCC 10876), 

Enterococcus faecalis (ATCC19433), Pseudomonas aeruginosa (ATCC 27853), Listeria monocytogenes 

(NCTC 11994) and Escherichia coli (ATCC 25922), using agar well diffusion method. Antibacterial effect 

was clearly observed against all indicator organisms and the antibacterial property of the isolates against 

them was strain specific rather than species specific. The highest percentage of antibacterial activity was 

against Listeria monocytogenus (72.22%).This survey reveals that the Lactobacillus flora in spontaneously 

fermented curd withholds a natural ability to act against pathogenic and spoilage bacteria. Further, 

Lactobacillus strains encompassing the antibacterial activity could be developed as an innovative approach 

for controlling food-borne bacterial disease causing agents and spoilage bacteria in food. 
 
Keywords- Lactobacillus, Antibacterial activity, Spontaneous fermentation, Curd 

 

In troduction  
 

Genus Lactobacillus is a highly heterogeneous genus; encompassing bacteria with a wide range of 

biochemical and physiological properties (Felis & Dellaglio, 2007).Lactobacilli are Generally 

Recognized as Safe (GRAS) and naturally present or added intentionally to fermented dairy products 

for technological reasons or to generate health benefits for the consumer, (Coeuret 2003). Traditional 

Sri Lankan buffalo curd is a spontaneously fermented dairy product where traditional method of 

backslopping or the inoculation of the boiled milk with a small quantity of a previously performed 

successful fermentation called as “Muhun’ was done instead of adding commercial starter cultures. 

Spontaneous agency of Genus Lactobacillus in to milk plays a dominant role in the process of 

converting lactose in buffalo milk into lactic acid.  

 

Spontaneously fermented foods are reported to consist a higher diversity of microorganisms than 

fermented food prepared by addition of commercial starter cultures. Also, it is observed that pure 

cultures isolated from complex ecosystems of traditionally fermented foods encompass a diversity of 

metabolic activities that considerably deviate from the comparable strains used as industrial starter 

cultures. These characteristics include competitive growth behavior in mixed cultures, adaptation to 

raw materials, antimicrobial properties, and flavour, aroma, and quality attributes. In the need of wild 

strains to survive and persist in their hostile natural environment by withstanding the competition of 

other microorganisms; they often produce higher amounts of antimicrobials such as bacteriocins 

(Ayad, 2002).Therefore, a recent trend has emerged in the isolation of wild-type strains from 
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spontaneously fermented foods to be used as starter cultures, which will act as bio-preservatives and 

probiotics.  

 
Antimicrobial effects of Lactobacilli are incurred by producing some substances such as organic acids, Carbon 

dioxide, Hydrogen peroxide, Diacetyl, low molecular weight antimicrobial substances and Bacteriocins 

(Dunne, 2001). One of the most important parameters by which potentially new probiotic strains must be 

characterized is the production of antimicrobial substances under In vitro conditions (FAO/WHO, 2002). 

Probiotics including Lactobacillus, Streptococcus spp. and Bifidobacterium are known to inhibit the growth 

of a wide range of intestinal pathogens in human. Many efforts have been made to search potential probiotic 

Lactobacillus strains isolated from dairy products, recently due to their healthful properties. Lactobacillus 

originally isolated from milk and milk products are considered to be potent for improving the microbiological 

safety of these foods because they are well adapted to the conditions in milk and should therefore be more 

competitive than bacteria from other sources. Prolix failures in antibiotic treatment due to antibiotic resistance 

of disease causing microorganisms has led to the rise of studies, on the development of antimicrobial from 

natural products and the recent approaches are increasingly directed towards  the antibacterial potential of 

Lactobacillus. 

At present, consumers highly prefer minimally processed foods, prepared without chemical preservatives 

because it is reported that food additives like preservative can be linked to hyperactivity, asthma and Cancer. 

As a result, Lactic Acid Bacteria including Lactobacillus are used as an integral part of hurdle technology, to 

effectively control spoilage bacteria and other pathogens and can inhibit the activities of a wide spectrum of 

organisms, including inherently resistant, Gram negative and positive bacteria (Vuyst and Leroy ,2007). 

The present research was carried out in the major perspective to isolate and identify autochthonous 

Lactobacillus spp from spontaneously fermented traditional Sri Lankan buffalo curd samples and to detect the 

In vitro antibacterial effect of them towards some human pathogenic bacteria and food spoilage bacteria as a 

new innovative approach for controlling food-borne bacterial disease causing agents and food spoilage 

bacteria. 

 

Methodology  

 

Isolation and identification of Lactobacillus species 

 

Spontaneously fermented traditional buffalo curd samples in clay pots were collected from Kanthale, Sri 

Lanka. Curd preparation procedures were observed to make sure that, no industrially prepared starter cultures 

were added. Samples were enriched in sterile modified Man Rogosa Sharpe (MRS) broth by incubating at 

37°C for 24 hours undisturbed. Lactobacillus strains were isolated by dilution plate technique and Agar 

overlay method in modified MRS agar medium and incubating plates at 37oCfor 24-36 hours under anaerobic 

conditions. Morphologically different colonies were subjected in to biochemical tests. CO2 production from 

glucose in the Gibson’s semi-solid medium was performed to determine homofermentative and 

heterofermentative Lactobacillus cultures. Arginine hydrolysis test was done using Arginine MRS Broth. 

Carbohydrate fermentation tests were performed using , MRS fermentation broth containing 2% filter 

sterilized carbohydrate( Arabinose, Cellobiose, Esculin, Galactose, Maltose , Mannose, Melibiose, Raffinose, 

Ribose, Sucrose, Trehalose, Xylose, Salicin, Sorbitol, Mannitol, Rhamnose ,Lactose, Fructose , Amygdalin)  

Growth at 45oC and growth at pH 9.0 were also tested.  Species were classified based on the 80%-90%of 

similarity with the standard reference test results given Bergy’s Manual of Systematic Bacteriology (1986, 

2009). 

 

Preparation of the Cell Free Supernatant (CFS) 

 

The MRS broth inoculated with Lactobacillus cultures were incubated for 24 hours at 37 0C under anaerobic 

conditions. The cultures were centrifuged at 10,000 rpm for 10 minutes at 40C.The cell free supernatants were 

collected and were sterilized by filtering using 0.45 μm membrane filters. The supernatant was stored at 8 0C. 
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Agar well diffusion method  

 

Indicator organisms , Salmonella typhi (NCTC 10787), Staphylococcus aureus (ATCC 25923), Bacillus cereus 

(ATCC 10876), Enterococcus faecalis (ATCC 19433), Pseudomonas aeruginosa (ATCC 27853), Listeria 

monocytogenes (NCTC 11994) and Escherichia coli (ATCC 25922) were inoculated in to Tryptone Soy Broth 

(TSB)medium and incubated at 30 0C for overnight. Concentrations of the cultures were adjusted to 106 

CFU/ml by adjusting the optical density of the culture at 600 nm. Lawns of indicator organisms were made 

by spreading the cell suspension over the surface of Brain Heart Infusion (BHI) agar plates with sterile cotton 

swabs. The plates were allowed to dry and uniform wells with a diameter of 8 mm were cut in the agar pates 

using sterile cork borers. Each well was filled with 70 μl of filter sterilized cell free supernatant of different 

Lactobacillus strains. All assays were carried out in triplicates. Plates were incubated at 37 0C for 24 hours. 

The diameter of the inhibition zone around the wells was measured using the millimeter scale of the ruler, 

excluding the diameter of wells. 

 

Results and Discussion 

 

In the current study, a total of 36 pure   Lactobacillus cultures were subjected in to biochemical tests and 16 

species of Lactobacillus were identified among them. Along with relative percentages of abundance, they are 

Lactobacillus acidophilus(6%) ,Lactobacillus amylolyticus (3%) ,Lactobacillus buchneri (3%) ,Lactobacillus 

casei (3%) ,Lactobacillus corinyformis subsp. coryniformis(3%), Lactobacillus delbrueckii subsp bulgaricus 

(3%) ,Lactobacillus delbrueckii subsp indicus (6%) ,Lactobacillus delbrueckii subsp lactis(6%) ,Lactobacillus 

ferintoshensis (3%), Lactobacillus fermentum (39%) ,Lactobacillus frumenti(3%) ,Lactobacillus 

helveticus(3%) ,Lactobacillus hilgardii(3%) ,Lactobacillus paracasei subsp paracasei(3%) , Lactobacillus 

plantarum subsp. Plantarum (14%) ,Lactobacillus rhamnosus(3%). The most abundant species among the 

cultures was identified as Lactobacillus fermentum with a relative abundance of 39%. 

 

Graph 01 - Percentages of the number of Lactobacillus strains that encompass antibacterial activity 

against indicator organisms 
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Regarding antibacterial activity, results gave clear evidence to prove the antagonism of genus Lactobacillus 

against all indicator organisms and that the antibacterial activity of the isolates against them was strain specific 

rather than species specific. It was observed that the highest percentage of antagonistic activity of 36 isolates 

was against Listeria monocytogenes (72.22%) and the lowest was against Salmonella typhi (16.66 %).  
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Listeria monocytogenes, a Gram positive, ubiquitous, intracellular pathogen, has been implicated as the 

causative organism in several outbreaks of forborne disease for past decades. Listeriosis is found mainly 

among pregnant women, their fetuses, and immunocompromised persons. A total of 26 isolates which were 

identified as different species including Lactobacillus acidophilus ,Lactobacillus amylolyticus ,Lactobacillus 

buchneri ,Lactobacillus casei ,Lactobacillus delbrueckii subps bulgaricus ,Lactobacillus delbrueckii subps 

indicus ,Lactobacillus delbrueckii subps ,Lactobacillus ferintoshensis, Lactobacillus fermentum 

,Lactobacillus helveticus , Lactobacillus plantarum subsp. Plantarum ,Lactobacillus rhamnosus expressed 

antibacterial activity towards Listeria monocytogenus. The highest average diameter of inhibition zone 

showed against Listeria monocytogenes was 24.66±0.57 mm by one of the isolates which was identified as 

Lactobacillus plantarum subsp. Plantarum. Antibacterial activity of Lactobacillus fermentum against Listeria 

monocytogenes clearly expressed strain specific results. 

 

Graph 02 ïStrain specificity of the antibacterial activity of Lactobacillus fermentum against Listeria 

monocytogenes 
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Bacillus cereus is a spore-forming food-borne pathogen often associated with food products such as meat, 

vegetables, soup, rice, and milk and other dairy products. A total of 25 isolates of Lactobacillus demonstrated 

antagonistic effect against Bacillus cereus. Among them were isolates identified as Lactobacillus acidophilus, 

Lactobacillus amylolyticus, Lactobacillus buchneri, Lactobacillus casei, Lactobacillus corinyformis subsp. 

coryniformis, Lactobacillus delbrueckii subps bulgaricus, Lactobacillus delbrueckii subps indicus, 

Lactobacillus delbrueckii subps lactis, Lactobacillus fermentum, Lactobacillus hilgardii, Lactobacillus 

plantarum subsp. Plantarum, and Lactobacillus rhamnosus. The highest average diameter of inhibition zone 

showed against Bacillus cereus was 16.66±0.57 mm by the isolate which was identified as Lactobacillus 

plantarum subsp. Plantarum .Antagonistic activity of Lactobacillus fermentum and Lactobacillus plantarum 

subsp. Plantarum against Bacillus cereus was strain specific.  
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                            Figure 1                                  Figure 2 

 

Figure 1- Inhibition effect of cell free supernatants of Lactobacillus cultures (Cb - Lactobacillus fermentum, 
CI, T45a - Lactobacillus plantarum subsp. Plantarum, T45b - Lactobacillus delbrueckii 

subsp indicus)against Bacillus cereus  by the agar well diffusion assay. 

 

Figure 2- Inhibition effect of cell free supernatants of Lactobacillus cultures (Cb - Lactobacillus fermentum, 
CI, T45a - Lactobacillus plantarum subsp. Plantarum, T45b - Lactobacillus delbrueckii 

subsp indicus) against Listeria monocytogenes  by the agar well diffusion assay. 

 

 

Pseudomonas aeruginosa was reported as a food spoilage organism that spoils foods at low temperatures as a 

result of its lipolytic and proteolytic activity (Oliveira, 2015) and was reported to be sensitive to L. casei and 

L. plantarum (Çon and Gokalp, 2000). In the present research antibacterial activity against Pseudomonas 

aeruginosa was shown by a total of 22 cultures including Lactobacillus acidophilus, Lactobacillus 

amylolyticus, Lactobacillus buchneri, Lactobacillus casei, Lactobacillus corinyformis subsp.coryniformis, 

Lactobacillus delbrueckii subps indicus, Lactobacillus fermentum, Lactobacillus hilgardii, Lactobacillus 

plantarum subsp. Plantarum, Lactobacillus rhamnosus, Lactobacillus helveticus and Lactobacillus frumenti. 

The highest average diameter of inhibition zone showed against Pseudomonas aeruginosa was 18.33±1.52 

mm by the isolate which was identified as Lactobacillus rhamnosus. Antibacterial activity of the isolate 

identified as Lactobacillus frumenti was demonstrated only against Pseudomonas aeruginosa with a zone of 

inhibition of 14.33±0.57 mm. 

 

Among isolates that showed antagonistic activity against Escherichia coli, there were 18 isolates including 

Lactobacillus acidophilus, Lactobacillus buchneri, Lactobacillus corinyformis subsp. coryniformis, 

Lactobacillus delbrueckii subsp indicus, Lactobacillus delbrueckii subsp lactis, Lactobacillus fermentum, 

Lactobacillus hilgardii, Lactobacillus plantarum subsp. Plantarum, Lactobacillus rhamnosus and 

Lactobacillus helveticus. The highest diameter of inhibition zone showed against E.coli was 21.66±0.57 mm 

by isolates which were identified as Lactobacillus plantarum subsp. Plantarum and Lactobacillus 

corinyformis subsp. Coryniformis.  

 

Staphylococcus aureus causes forborne illness by growing in temperature abused food and producing a heat 

stable toxin (Schelin, 2011). Staphylococcal food-borne disease (SFD) is one of the most common food-borne 

diseases worldwide resulting from the contamination of food by preformed S. aureus enterotoxins. Outbreak 

investigations report that improper food handling practices in the retail industry account for the majority of 

SFD outbreaks. S. aureus in many food products including raw retail meat indicate that consumers are at 

potential risk of S. aureus colonization and subsequent infection.(Kadariya, 2014) .Antagonistic effect against 

Staphylococcus aureus was observed from17 isolates including Lactobacillus amylolyticus, Lactobacillus 

casei, Lactobacillus buchneri, Lactobacillus corinyformis subsp. coryniformis, Lactobacillus delbrueckii 

subsp lactis, Lactobacillus fermentum, Lactobacillus plantarum subsp. Plantarum, Lactobacillus rhamnosus 
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and Lactobacillus helveticus. Highest average diameter of inhibition zone shown against Staphylococcus 

aureus was 16.33±1.15 mm by a isolate which was identified as Lactobacillus delbrueckii subps lactis. 

Antagonistic activity of Lactobacillus fermentum and Lactobacillus plantarum subsp.Plantarum against 

Staphylococcus aureus was strain specific.  

 

Enterococci have recently emerged as nosocomial pathogens. They are frequent finding in foods as 

contaminants. They are low grade pathogens but their intrinsic resistance to many antibiotics and their 

acquisition of resistance to the few antibiotics available for treatment in clinical therapy, such as the 

glycopeptides, have led to difficulties and a search for new drugs and therapeutic options (Giraffa, 2002). 

Epidemiological data also indicate that E. faecalis is the most common species among the enterococci isolated 

from human illnesses (Girffa, 2002). Antibacterial activity against Enterococcus feacalis was shown by 7 

isolates including Lactobacillus delbrueckii subps indicus, Lactobacillus fermentum, Lactobacillus plantarum 

subsp. Plantarum, Lactobacillus acidophilus and Lactobacillus amylolyticus. The highest diameter of 

inhibition zone showed against Enterococcus feacalis was 23.33±0.57 mm was by Lactobacillus fermentum. 

 

Salmonella typhi which is solely a human pathogenic serotype causes typhoid fever. Infection typically occurs 

due to ingestion of food or water contaminated with human waste (de Jong, 2012). Only 6 Lactobacillus 

isolates expressed antagonistic effect against Salmonella typhi. Those were three isolates identified as 

Lactobacillus fermentum, isolates identified as Lactobacillus hilgardi, and Lactobacillus corinyformis subsp. 

Coryniformis. The highest diameter of inhibition zone showed against Salmonella typhi was18.33±0.57 mm 

was by Lactobacillus hilgardi. 

 

Traditional spontaneously fermented Buffalo Curd itself is a food which carries an antibacterial effect   by 

serving as a significant delivery vehicle for the growth of probiotic bacteria. It could be widely used as major 

portion of the total functional foods available and could be used as a good source of probiotic developments. 

In conclusion, current study of the antibacterial activity of autochthonous Lactobacillus in traditional buffalo 

curd, manifest isolates to be used as starter cultures for improving the microbiological safety of fermented 

food products and for increasing their shelf life. They could be used for construction of specific starter cultures 

with probiotics and bio-preservative potentials. In this study, essentially it is noted that the antibacterial 

activity of Lactobacillus isolates is strain specific rather than species specific. The strains should be 

investigated further for other probiotic bioactivities that have human health benefits and further studies are 

necessary to define the chemical nature, classification and characterization of antimicrobial compounds 

produced by these strains.   
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Abstract  

The present study was carried out to test the Immunostimulatory effects of oral administration of the medicinal 

plants, Eclipta alba and Aloe vera were studied in Mrigal carp (Cirrhinus mrigala). The fishes were fed for 6 

weeks with diets containing Eclipta alba and Aloe vera leaf methanol extract at 0.5 % / kg. Immunological 

parameters  such as serum lysozyme count (U/ml-1), serum bactericidal activity (%), serum protein level (g/dl), 

serum globulin level (g/dl), hematological parameters including leukocyte count (/mm3), red blood cell count 

(×106 cells/mm3), packed cell volume (PCV-%) were tested. Cirrhinus mrigala challenged against pathogenic 

bacteria Aeromonas hydrophila.  Species of Aeromonas are Gram-negative, non-spore-forming, rod-shaped, 

facultative anaerobic bacteria that occur ubiquitously and autochthonous in natural habitats such as aquatic 

environments and soils.  Aeromonas hydrophila is the main causative agent of the ulcerative disease known 

as “haemorrhagic septicemia” that manifested as red skin sores. The percentage of mortality was significantly 

reduced in the treated fish. In this study, mortality rate of Cirrhinus mrigala (above sixty percentages) was 

observed. The percentage of mortality rate was observed in Eclipta alba (above twenty five percentage) and 

Aloe vera (above fifteen percentage) groups. The results indicate that oral intake of Eclipta alba and Aloe 

vera methanol leaf extract enhances the immunity and disease resistance of Cirrhinus mrigala against 

Aeromonas hydrophila. 

 

Key words:  Eclipta alba; Aloe barbadensis miller; Cirrhinus mrigala; Aeromonas hydrophila;immunity; 

disease resistance. 

 

Introduction:  

Aquaculture is the rapidly growing food-producing field in the World. The increased intensification of fish 

culture has led to a large number of disease outbreaks with an increasing range of pathogens causing them.  

(Kirubakaran et al., 2010)  Hence in recent years, increasing attention has been given to the benefit of 

immunostimulants in the aquaculture fish forms. Improvement of eco-friendly alternatives to antibiotics that 

may keep fish healthy such as plant based immunostimulants and probiotics has increased, indigenous 

technological knowledge for controling diseases is enjoying attention in fish health and disease control (Sahu 

et al., 2007). The immunostimulation effects of plant medicines in various fish species has been documented 

(Pugh et al., 2001).  E. alba (L.) is an annual herbaceous plant, belonging to family Asteraceae, commonly 

known as King of hairs, (Indian Herbal Pharmacopoeia 1998). It is also known as Bhringaraj. It is also used 

in skin diseases and for catarrhal jaundice, (Khare, 2004).    A. vera (L.) belongs to Lileacea family, 

traditionally, A. vera gel is used both, topically (treatment of minor burns, wounds, and skin irritations) and 

internally to treat coughs, constipation, headaches, diabetic, ulcers,  arthritis, immune-system deficiencies 

(Eshun and He, 2004). Species of A. hydrophila are Gram-negative, rod-shaped, non-spore-forming, anaerobic 

facultative bacteria that occur ubiquitously and autochthonous in natural habitats such as soils and aquatic 

environments.  (Ku” hn et al., 1997).        A. hydrophila is the important causative agent of the ulcerative 

disease known as “haemorrhagic septicemia” that manifested as red skin sores (Guz and Kozinska, 2004). 

With these findings in view, the aim of this work was to evaluate the effect of E. alba and   A. vera methanol 

extract supplemented diets on immunity and disease resistance against A. hydrophila in C. mrigala during 6 

weeks study. 
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Materials and methods 

Fish- Healthy and disease free advanced fingerlings of Mrigal carp (C. mrigala) having an average weight 9 

±1.0g, and total length of 8cm ± 12cm were obtained from a commercial fish form. Fish were transferred to 

concrete tank and kept for two weeks to acclimatize. After acclimatization, the fish were divided into five 

groups of 30 specimens in each treatment.  Water quality factors were recorded during the experiment as; 

temperature - 270 ±30 C, dissolved oxygen 8-10 ppm, pH -7.9 ± 0.3. The water exchange rate was 50% of the 

water volume daily. 

Plant material- The aerial parts of E. alba and A. vera were collected from local market of Coimbatore. The 

plant E. alba and A. vera confirmed by comparison with reference herbarium specimens.  

            

Fig: 1. A view of E. alba             Fig: 2. E. alba powder             Fig: 3. E. alba ï plant extract       Fig: 4. E. alba plant extract mixed feed     

                

Fig: 5. A view of A. vera plant   Fig: 6. A. vera powder    Fig: 7. A. vera plant extract   Fig: 8. A. vera plant extract mixed feed       

Preparation of plant extracts- 1- The powdered aerial parts (15g) of E. alba were extracted separately to 

exhaustion in a soxhlet apparatus using 99% methanol (150 ml). The extract were filtered through a cotton 

plug followed by what man filter paper. The extract were preserved and kept at 4o c in airtight containers until 

further use. 2- The A. vera leaves were sterilized properly. 15g fresh A. vera leaves with gel was dried in the 

oven at 40oc for 48 hours and then powdered.  15g of crushed plant part was dissolved in 150ml of organic 

solvent i.e. methanol .The extract was placed in shaking incubator at 250rpm for 48 hours.  After shaking, the 

filtered extract was centrifuged at 8000rpm for 20 minutes.  Then, it was stored at 40c. Both the extracts were 

tested against A.  hydrophila.  

 Experimental food preparation- for 1st group -Normal balanced feed composed of 42% fish meal, 15% 

wheat flour, 20% groundnut oil cake, 15% tapioca powder and corn flour, 5% egg white and 3% mineral- 

Vitamin mixture was used as control diet (carbohydrate: 24% lipid: 11% protein: 39% and ash: 9%).  2nd 

group- The feed used in the experiment group 2, where prepared by mixing commercial carp food with the 

methanol extract of E. alba in ratio 5g of E. alba per kilogram of food. (i. e, 0.5 % E. alba). 3rd group -The 

feed used in the experiment group 3 where prepared by mixing commercial carp food with the methanol extract 

of A. vera in ratio 5g of A. vera per kilogram of food. (i. e, 0.5% A. vera).  

Blood Sampling schedule-1st ’day - 1st sample collection, 15thday - 1st infectious challenge with  A. 

hydrophila, 30thday - 2nd  sample collection, 35th day - 2nd infectious challenge with  A.  hydrophila, 45thday - 

3rd sample collection 

 Bacterial strain and challenge study: A virulent strain of A. hydrophila was inoculated in a tryptone soy 

broth and was incubated at 30oC. After centrifugation at 800 rpm for 15 Min, cells were prepared in PBS. At 

the end of treatment, twenty five fish in each of the groups were inject intraperitoneally with 0.1 ml of 2×LD50 

suspension of the bacteria 1.6×107 colony cfu / fish in PBS. Daily mortality was recorded for 14 days and the 
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cause of death was ascertained by re isolating the bacteria from the liver and kidney of dead fish (Misra et al., 

2006) Relative percentage survival (RPS) was calculated as follows  

RPS (%) = Mortality of untreated control-Mortality of treated / Mortality of untreated control × 100 

 Lysozyme activity- was measured by adapting the method described by (Parry et al., 1965). Serum 

bactericidal activity - was followed a modified version of that adopted by (Kajita et al., 1990). Total serum 

protein-Samples were analyzed for total protein using the method outlined by (Lowry et al. 1951). Serum 

globulin- content was measured using a standard albumin estimation kit and the globulin content was 

estimated by subtracting albumin from total protein. Leukocyte count- where counted by the method of (Rusia 

and Sood 1992) using haemocytometer. Red blood cell count- where determined as described by (Schaperclaus 

et al., 1991). Packed corpuscular volume- was determined by centrifugation at 2000 rpm for 20 min. 

Statistical analysis- Values were presented as (n = 4) arithmetic mean ± standard deviation (SD). 

The data were statistically evaluated by One-Way analysis of variance (ANOVA) followed by Post Hoc 

multiple comparison test using SPSS software. The levels of significance P < 0.05 was considered as 

statistically significant and P < 0.01 as highly significant. 

 Results 

 Serum lysozyme count- The results of the present study revealed that the serum  lysozyme activity from the 

serum of C. mrigala was reported highest in A. vera treated group (0.4480 ± 0.0021) on day 30 (Table.1). It 

was increased significantly in the fish fed for 15th day with feed supplemented with A. vera and E. alba extract 

(P <0.05). The highest lysozyme activity was observed in the group fed with A. vera feed for 45th day. (Fig.11). 

Serum bactericidal activity-was significantly increased in A. vera and E. alba treated groups. (Fig.12). But 

the bacterial count was less in A. vera group when compared with E. alba group and control group. Serum 

protein level- was increased significantly in the A. vera group (1.796 ± 0.106) and E. alba group (1.682 ± 

0.014) for the 45th day (P <0.05) when compared with control group. (Fig.13). Serum globulin level- was 

increased significantly in the A. vera. (1.482 ± 0.032) and E. alba (1.358 ± 0.061) treated group for the 30th 

day (P <0.05) when compared with control group. (Fig.14). Leukocyte count- The present study indicates 

that there was a significant increase in TLC  on the 15th day of A. vera (39.64 ± 0.1014) and E. alba (38.14 ± 

0.0294) treated group. (Fig.15). Red blood cell count- The present study, indicates that there was an 

significant increase in RBC count in both A. vera and E. alba (1.596 ± 0.045 and 1.520 ± 0.018) treated groups 

compared with control group on 15th day. (Fig.16).The packed cell volume- In this study, the high level of 

packed cell volume was observed in the A. vera (27.6 ± 0.673) and E. alba (27.2 ± 0.365) treated groups on 

45th day. When compared with control group. (Fig.17). Rate of mortality-In this study, High level of mortality 

rate of C. mrigala (65%) was observed in control group. Very less amount of mortality rate was observed in 

A. vera (20%) and E. alba (30%) groups. (Fig.18).  (Table.2). 

                         

      Fig: 9.  A) Culture of A. hydrophila
                       B) Microscopic view of A.  hydrophila                         Fig: 10.  Nucleated fish R. B. C. 

 

Table. 1.  The effect of plant extracts supplemented diets on biochemical and hematological 

parameters of C. mrigala on during 6 week study. 
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PARAMETERS 

--------------------- 

GROUPS 

-------------- 

DAY-0 

--------------- 

DAY-15 

----------------- 

DAY-30 

------------------- 

DAY-45 

----------------- 

Serum lysozyme 

count (U/ml-1) 

Control 

E. alba 

A. vera 

0.0370 ± 0.0009 

0.0375 ± 0.0015* 

0.0385 ± 0.0007* 

0.0465±0.0010* 

0.3870±0.0016* 

0.4632±0.0026* 

0.0320±0.0009* 

0.2950±0.0022* 

0.4480±0.0021* 

0.0345±0.0009* 

0.2780±0.0021* 

0.4120±0.0018* 

Serum 

bactericidal 

activity (%) 

Control 

E. alba 

A. vera 

174.8±24.299 

180.4±16.339 

182.6±23.248 

146.4±8.084* 

130.6±4.047* 

124.4±7.010* 

176.8±17.969* 

135.4±4.129* 

130.6±9.257* 

182.6±15.723* 

120.2±7.142* 

115.4±4.092* 

Serum protein 

level (g/dl) 

Control 

E. alba 

A. vera 

1.345±0.023 

1.324±0.021* 

1.358±0.052 

1.420±0.037* 

1.464±0.017 

1.496±0.027* 

1.402±0.021* 

2.348±0.070* 

2.352±0.015* 

1.340±0.022* 

1.682±0.014* 

1.796±0.106* 

Serum globulin 

level (g/dl) 

Control 

E. alba 

A. vera 

0.809±0.045* 

0.776±0.018* 

0.790±0.006* 

0.868±0.0283* 

0.868±0.019* 

0.902±0.015* 

0.834±0.019* 

1.358±0.608* 

1.482±0.032* 

0.788±0.033* 

0.990±0.008* 

0.926±0.016* 

Leukocyte count 

(/mm3) 

Control 

E. alba 

A. vera 

28.60±0.129 

29.24±0.099* 

28.50±2.535* 

31.40±0.091* 

38.14±0.029* 

39.64±0.101* 

32.84±0.120* 

36.54±0.102* 

38.10±0.108* 

30.24±0.102* 

32.82±0.099* 

35.20±0.177* 

Red blood cell 

count (×106 

cells/mm3) 

Control 

E. alba 

A. vera 

1.200±0.108* 

1.520±0.090* 

1.460±0.021* 

1.346±0.138* 

1.596±0.045* 

1.520±0.018* 

1.314±0.052* 

1.464±0.011* 

1.370±0.018* 

1.328±0.020* 

1.580±0.033* 

1.510±0.026* 

Packed cell 

volume (PCV-%) 

Control 

E. alba 

A. vera 

26.5±1.080* 

26.4±0.648* 

26±0.634* 

26.8±0.678 

27.9±0.886 

27.5±0.813 

26±1.825 

26.7±0.993* 

26.3±0.416* 

24.8±5.691 

27.2±0.365* 

27.6±0.673* 

      

Table 2. Effect of E. alba and A. vera on cumulative mortality pattern during 14 days post challenge 

with A. hydrophila in C. mrigala. 

 
 

GROUPS / DAYS 

 

DAY-4 

 

DAY-8 

 

 

DAY-12 

 

 

DAY-14 

 

CONTROL  5% 15% 20% 25% 

ECLIPTA ALBA 5% 10% 15% 0% 

ALOEVERA 0% 5% 15% 0% 

   

 

 

Fig: 12. Serum bactericidal activity (%) for Cirrhinus 

mrigala fed same dosages (200mg) of E. alba and A. vera 

at different days. Data are represented as mean ± SD, 

n=4. 

Fig: 11. Serum lysozyme (U/ml-1) count for Cirrhinus 

mrigala fed same dosages (200mg) of E. alba and A. 

vera at different days. Data are represented as mean ± 

SD, n=4 
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Fig: 13. Serum protein (g/dl) level for 

Cirrhinus mrigala fed same dosages (200mg) 

of E. alba and A. vera at different days. Data 

are represented as mean ± SD, n = 4. 

 

 

 

 

                              

Fig: 17. The packed cell volume (PCV - %) for 

Cirrhinus mrigala fed same dosages (200mg) of 

E. alba and A. vera at different days. Data are 

represented as mean ± SD, n = 4 

     

Discussion: Application of immunostimulators, mainly plant immunostimulants in the aquaculture forms, can 

be considered a remarkable advantage because of their safety and the fact that they are considered 

environmentally friendly (Dugenci et al., 2003; Jian and Wu, 2004). In the present study, oral administration 

of A. vera and E. alba increased serum lysozyme activity compared with control group. Similar study where 

conducted by (Swain et al., 2006). Furthermore, this enzyme is known to trigger an opsonin of the complement 

system and phagocyte cells (Magnadottir, 2006). In this study, the serum bactericidal activity increased 
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Fig: 14. Serum globulin (g/dl) level for Cirrhinus 

mrigala fed same dosages (200mg) of E. alba and A. 

vera at different days. Data are represented as mean 

± SD, n = 4.  

Fig: 15. Leukocyte count (/mm3) for Cirrhinus 

mrigala fed same dosages (200mg) of E. alba 

and A. vera at different days. Data are 

represented as mean ± SD, n = 4.  

Fig: 16. Red blood cell count (×106 cells /mm3) for 

Cirrhinus mrigala fed same dosages (200mg) of E. 

alba and  A. vera at different days. Data are 

represented as mean ± SD, n = 4. 

Fig: 18. Rate of mortality (%) 
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significantly (p < 0.05) in A. vera and E. alba treated groups when compared with control group. However, 

the presence of anti A. hydrophila antibody in the treated fish could be the cause for the increased bactericidal 

activity. Similar studies were carried out by (Divyagnaneswari et al., 2007).  

Certain plant immunostimulants have been reported to increase total globulin as well as total protein 

in fish immune system (Vasudeva et al., 2004). In this study in C. mrigala, serum protein and globulin content 

were significantly (P < 0.05) increased after oral administration of E. alba and A. vera, when compared with 

control group.  

 Blood is a main indicator in determining the health of an organism (Joshi et al., 2002). The 

present study indicates that there was increase in TLC in the E. alba and A. vera supplemented groups while 

control groups showed depressed level of leukocyte count. After the fingerlings were intra peritoneally 

challenged with A. hydrophila. This is mainly due to the immune response of the fish immune system against 

the bacterial invasion. The gradual reversion of the leukocyte count back to the normal may be indicative of 

recovery from the damage. The present study falls in line with the study of (Gopalakannan and Arul, 2006).  

In this study, significant (P <0.05) differences were observed in RBC count and PCV-values of the E. 

alba and A. vera treated groups compared with control group after challenge with A. hydrophila  in Mrigal 

carp. The present observation agrees with the report of (Roberts, R.J., 1989). The highest survival rate in A. 

vera (80%), and E. alba (70%) group was observed. The present findings are in agreement with the results of 

(Kim et al., 1999; Christybapita et al., 2007). 

Conclusion:  

In conclusion, the present results have demonstrated that the oral administration of E. alba and A. vera can 

enhance some of the specific and non- specific immune responses. This appears to be achieved primarily by 

increasing serum bactericidal power, lysozyme activity, and the protein and globulin levels. Haematological 

parameters such as RBC,WBC, PCV-values. Furthermore, the data reported in this study shows that a 0.5% 

E. alba and A. vera supplementation can increase the resistance to A. hydrophila septicemia and improve the 

survival rate. 
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Abstract 

Ready-to-eat (RTE) meat based products are a frequent source of foodborne disease outbreaks and a major 

public health concern nowadays. The present study aimed to isolate and identify foodborne bacterial 

pathogens present in RTE meat based food (noodles, kebab, hotdog, devil) obtained from highly popularized 

informal market in Colombo city. A total of 20 food samples were randomly purchased from four temporary 

food stalls during the period between March and October, 2014. Bacterial growth was detected in all of the 

food products and the predominant bacterial species were isolated and identified based on morphological and 

biochemical characteristics. The results were analyzed using one-way ANOVA test and highest mean bacterial 

count was found in noodles (8.253±0.69 log10 CFU/g) followed by kebab (7.736 ± 0.689 log10 CFU/g) and 

hotdog (7.036 ± 1.602 log10 CFU/g) and were statistically significant when compared to devilled products 

(p < 0.05).  The bacterial isolates included, Staphylococcus aureus (20%), Salmonella spp (5%) Bacillus 

cereus (35%), Escherichia coli (60%), Proteus spp. (30%), Klebsiella spp (5%), Enterobacter spp (70%) and 

Morganella morganii (5%). B. cereus was detected in all four food types. Hotdog products showed a high 

prevalence of all the isolated species. The findings disclose the importance of enforcing strict regulations and 

stringent supervision of the RTE food sold through informal markets by relevant authorities to prevent possible 

foodborne illnesses. 

 

Key words: foodborne pathogens, Ready-to-eat, food safety 

 

Introduction  

Foodborne diseases are an emerging health concern involving a wide spectrum of illnesses of viral, bacterial, 

parasitic origin or by contaminations with chemical hazards. Although viral agents remain as the main cause 

of concern for foodborne illnesses, bacterial infections and intoxications are predominant in resulting 

significant number of deaths and hospitalizations (Nyenje et al., 2012; Sofos, 2008). According to WHO, 

diarrheal diseases of microbial origin kill about 2.2 million people annually, including 1.9 million children 

(WHO, 2014). Besides, these direct health consequences, foodborne illnesses can  also reduce the productivity 

and economic output of the country, while imposing a substantial stress on health care system (Nazni and 

Jaganathan, 2014). 

Ready-to-eat (RTE) meat based food are increasingly demanding in Sri Lanka, not only owing to its higher 

nutritive value, but also it provides easily accessible, a convenient food  for the busy urban life style 

(Alahakoon et al., 2016). Although, these food were earlier confined to the standard eateries, now it has been 

widely distributed in urban informal-sector, therefore, accessible to both lower and middle income societies 

(Draper, 1996; De Silva et al., 2011; Rane, 2011). Currently, RTE cooked meat products from informal 

markets, make a notable contribution to the food intake of urban inhabitants in Sri Lanka,  and provide a good 

source of income for food vendors as well (Alahakoon et al., 2016).  

 

Meat, itself is an excellent medium for microbial growth, as of its tremendous nutrients, favorable pH, and 

water activity. Therefore frequently implicated to the spread of foodborne pathogens (Sofos, 2008; Bradeeba 

and Sivakumaar, 2012). The most common foodborne bacterial pathogens detected in meat based food are 

Escherichia coli O157:H7, Listeria monocytogenes, Campylobacter, Salmonella, Yersinia enterocolitica, 

Clostridium perfringens and Staphylococcus aureus (Sofos, 2008; Adu-Gyamfi, 2012; Bradeeba and 
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Sivakumaar, 2012). Although adequate heating provided during the food preparation can destroy all of these 

pathogens, they can re-contaminate the food through poor post processing conditions (Gormley et al., 2010; 

Akusu and Wemedo, 2016).  

 

Since, RTE food is not further treated prior to consumption, absence of pathogens in these food is paramount 

to ensure food safety. However, previous studies on RTE meat based food have recovered, Salmonella, 

Escherichia coli, Listeria monocytogenes, coagulase positive Staphylococci, Enterococci and Bacillus cereus 

(Meldrum et al., 2006; Yuksek et al., 2009; Darman et al., 2015). It is also suggested, the initial microbial 

flora of meat, ingredients, processing environment, handlers and equipment can have a significant impact on 

the microbial flora of the RTE meat based food at the point of sale (Melngaile et al., 2014). 

 

Unfortunately, the conditions which food vendors operate in urban informal markets are usually unsuitable 

for the preparation and selling of highly perishable food (Darman et al., 2015). These vending sites lack basic 

infrastructure or services, nor the food vendors have knowledge in   basic food safety measures or their role 

in transmitting pathogens (Rane, 2011; Oguoma and Agusi, 2013). There has been reports on food vendors 

being carriers of pathogenic bacteria therefore serving as a potential source of transmitting enteric fevers 

(Oguoma and Agusi, 2013). Studies noted that Salmonella, Campylobacter and E. coli can survive on finger 

tips and other surfaces for varying periods of time and in some cases even after washing (Rane, 2011). In 

addition, potential health risk may originate from using poor quality food ingredients, for an example 

vegetables which might have contaminated with faecal matter (Pérez-Rodríguez et al., 2010). Further, the 

pathogens can invade the food surfaces during operations such as slicing, trimming, sorting, storage and 

packaging with low grade material. 

 

Although, some recent foodborne outbreak incidents in Sri Lanka resulted a significant number of severe 

illnesses and deaths, due to the poor outbreak surveillance system here, it fails to capture almost all the 

incidents efficiently. However, according to the weekly epidemiological report in 2013 (30th November to 6th 

December) over 1000 food poisoning cases have been reported (Gunasekara, 2013). Further, the Health 

services delivery in Sri Lanka announced diarrheal diseases as the 5th leading cause of hospitalizations in Sri 

Lanka, and the numbers fluctuate between 676 to 961 hospitalizations per 100,000 population over the past 

20 years (Ministry of Health, 2008). Considering the above mentioned facts, the present study was undertaken 

to investigate and develop the understanding of the microbiological safety associated with selected meat based 

food in highly popularized informal market in Colombo city. 
 

Materials and method 

Collection of samples 

A total of 20 food samples including hotdog, kebab, noodles and devilled food were randomly purchased from 

four different food stalls in an informal market in the Colombo city. Samples were collected into sterilized 

containers and were transported at 0-4oC cooling boxes to the Microbiology laboratory of the Department of 

Microbiology of University of Kelaniya. The food samples were stored between 0-4oC prior to analysis, and 

the tests were carried out within 24 hours of sampling.  

Isolation and Enumeration of bacteria 

Twenty-five (25 g) grams of each food sample was weighed into sterilized stomacher bag and homogenized 

using a stomacher Bag Mixer TM, followed by the addition of 225 mL of sterile buffered peptone water (Oxoid). 

Then the homogenate was serially diluted (10-1 – 10-7) in buffered peptone and 0.1 mL of the each dilution 

was transferred onto Nutrient Agar (Oxoid) using spread plate technique.  

 

The plates were incubated for 24 h at 37 °C. All discrete colonies were counted where possible and expressed 

as the log10 of colony forming units per gram (CFU/g). Isolation of Staphylococcus aureus was done by 
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transferring 0.1 mL of the initial dilutions onto Baired Parker Agar (BPA) (Oxoid). To improve the recovery 

and detection of Salmonella and other Enterobacteriaceae organisms, the tubes were incubated at 37 °C for 

12–24 h, and a loopful of enrichment broth was cultured on Salmonella Shigella (SS) Agar (Oxoid) and Eosine 

Methylene Blue (EMB) Agar (Oxoid). The plates were incubated aerobically for 24–48 h at 37 °C.  

 
Characterization and Identification of isolates 

 

The isolates were subcultured on Nutrient Agar and stored at 4oC prior to use. The isolates were identified 

using morphological and biochemical characteristics according to the Cowan & Steel, 1989 and Bergey, 2010. 

The tests included, Gram’s staining, Motility, Endospore staining, Catalase, Oxidase, Growth in air, 

Oxidation/Fermentation test, Indole production, Citrate Utilisation, Methyl Red test, Voges Proskaur test, 

Urease test, Nitrate reduction test, Gelatin/Casein/Starch hydrolysis, Lysine decarboxylation, Triple Sugar 

Iron Agar test and Sugar Fermentation tests. Coagulase test and serological test (Oxoid  

DR 1108A test kit) was performed for the confirmation of pathogenic Staphylococcus aureus and Salmonella, 

respectively. 

     

Statistical Analysis 

 

Statistical analysis was accomplished using MINITAB version 14. Statistical significance was set at p < 0.05. 

The significance of any perceived differences was determined by analysis of independent samples. The data 

were also analyzed using One Way ANOVA to determine statistical difference of microbial loads between all 

categories of food samples under study. 

Results 

 

The ranges of total bacterial count and the mean bacterial count of different RTE meat based food samples are 

presented in Table1. Bacterial growth was detected in all the analyzed food samples and the lowest bacterial 

count of 4 log10 CFU/g was found to be on hotdog whereas noodles had the highest count of 8.64 log10 CFU/g. 

The total bacterial count of all the analyzed kebab and noodles samples were above 7 log10 CFU/g. However,   

the highest mean bacterial count of 8.253 ± 0.693 log10 CFU/g was found in noodles followed by hotdog and 

kebab. The lowest mean bacterial count of 4.951 ± 0.580 log10 CFU/g was present on devilled products and it 

is significantly different (p < 0.05) from the mean bacterial counts of noodles, hotdog and kebab. As per the 

SLS: 1218 (Sri Lanka Standard) imposed by Sri Lanka Standards Institution (SLSI), cooked meat based food 

which exceeding 5 log10 CFU/g of total bacterial count are classified as unacceptable for consumption. 

Considering the mean bacterial count, the present study evidences, only the devilled products are barely 

satisfactory for consumption. Further, the study enumerated Staphylococcus aureus, and was detected only in 

hotdog. The mean S. aureus count was 1.611 ± 2.004 log10 CFU/g and remains below the acceptable range of 

2 log10 CFU/g as imposed by SLSI.  

 

Table 1. Mean bacterial counts of the food samples examined. 

Food Type Range of total 

bacterial count  

(log10 CFU/g) 

Mean bacterial 

count (log10 

CFU/g) ± SD 

Staphylococcus 

aureus count 

(log10 CFU/g) 

Mean Staphylococcus 

aureus count (log10 

CFU/g) ± SD) 

 

Hotdog (n=9) 

 

4.00 - 8.53 

 

7.036 ± 1.602 

 

2.51 - 4.48 

 

1.611 ± 2.00 

Kebab (n= 3) 7.33 - 8.53 7.736 ± 0.689 ND ND 

Noodles (n=4) 7.21 - 8.64 8.253 ± 0.693 ND ND 

Devilled food (n=4) 4.36 - 5.49 4.951 ± 0.580 ND ND 

 

CFU g−1 - colony forming units per gram; SD - standard deviation; ND- Not detected 
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Table 2 presents the different bacterial isolates according to the food type. Bacillus cereus was identified in 

all food types, whereas E. coli, Enterobacter spp. and Proteus spp. were detected only in hotdog, kebab and 

noodles. However, Salmonella, Klebsiella and Morganella morganii were recovered from hotdog products 

only. Table 1 and 2 show that, almost all the different isolates including S. aureus were found to be on hotdog 

products.  
Figure 1 depicts the percentages of occurrence of each of the bacterial isolates in analyzed RTE meat based 

food. The most prevalent bacteria were Enterobacter spp. E. coli was detected in 60% of the food products, 

whereas Proteus spp. and Klebsiella spp., Morganella morganii were detected 30% and 5%, respectively. 

Further, the study also recovered Salmonella in 5% of the products. Bacillus cereus and S. aureus were 

detected 35% and 20% of the products, respectively. Other Gram positive bacteria were found to be on 90% 

of the food and among them, Bacillus spp. were prominent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

Table 2. Bacteria isolated from different food. 

Bacterial species 
RTE meat based food 

Hotdog Kebab Noodles Devilled food 

 

Bacillus cereus 
 
√ 

 
√ 

 
√ 

 
√ 

Salmonella spp √ - - - 

Escherichia coli √ √ √ - 

Proteus spp. √ √ √ - 

Enterobacter spp √ √ √ - 

Morganella morganii √ - - - 

Klebsiella spp. √ - - - 

S. aureus √ - - - 

 

√, bacteria detected; -, bacteria not detected 

Figure 1: Occurrence of bacteria in RTE food 

 
GNB – Gram Negative bacteria; GPB – Gram positive bacteria 
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To prevent the occurrence of foodborne illnesses, it is important to ensure that the food sold are safe and 

hygienic. Although the selected informal food vending location attracts large number of consumers per day, 

food vendors have limited access to basic sanitary facilities or potable water supply. Due to this, many vendors 

tend to reuse the water, especially for cleaning utensils and used dishes. Additionally, the stalls lack 

refrigeration facilities, therefore, the food prepared long before its consumption are stored at ambient 

temperature (28oC – 30oC), providing a favorable condition for microbial proliferation in food. Further, as a 

result of open air food storage cabins by the sea side, these food are frequently exposed to dust, dirt and sea 

wind and sea droplets. Moreover, food vendors prepare and serve food with bare hands while handling 

currencies, food utensils etc. Based on the above issues, the RTE food samples were analyzed in the present 

study, for the total bacterial count and for the presence of foodborne pathogens. 

 

Total bacterial count in a food is a useful tool in determining the hygienic condition of the food processing 

procedure and the results are a reflection of hygienic level of food handling and retail storage (Nazni and 

Jaganathan, 2014). In this study all the analyzed food, except devilled products, had mean contamination level 

of (≥ 5 log10 CFU/g) that is unsatisfactory for consumption. However, the findings corroborate previous work 

conducted on the street food in Alice, by  Nyenje et al., which reported a 6.05 ± 0.12 log10 CFU/g, of mean 

bacterial count in chicken stew. Likewise, another study in Taiwan detected 8.65 log10 CFU/g of total bacterial 

count in noodles (Fang et al., 2003).  The statistical analysis discovered, the mean bacterial count of noodles, 

kebab and hotdog are significantly different (p < 0.05) when compared to devilled products. In line with 

Adjrah et al., (2013), this could be attributed to the addition of minimally processed vegetables such as lettuce, 

cucumber, salad leaves, carrots etc. which is noted as frequent vehicles of transmitting pathogenic and spoilage 

bacteria in to RTE food. These findings are also in agreement with the previous studies conducted on RTE 

meat based food available in Saudi Arabia (Saadia and Easa, 2010), Tehran (Zohreh et al., 2015) and South 

Africa (Christison et al., 2008). Further, Christison (2008) suggested that presence of low number of 

microorganisms in cooked ingredients, allow the rapid proliferation of the subsequently contaminating 

foodborne pathogens.  

 

The present study also detected Staphylococcus aureus in 20% of the hotdog products, and the count is, as 

high as 4.48 log10 CFU/g. S. aureus is a potential foodborne pathogen found as a part of the normal flora on 

skin, nose and throat of healthy individuals (Abd-El-Malek, 2014). Thus, presence of this organism in RTE 

food is largely attributed to human contact through manual handling, poor personnel hygiene and subsequent 

poor storage (Huang et al., 2014). When S. aureus is allowed to grow on food, it produces a heat stable 

enterotoxin, that does not destroys during cooking (Nyenje et al., 2012; Huang et al., 2014).  

 

The study recovered Bacillus cereus in 35% of the food samples and its’ presence in high numbers suggests a 

potential risk to the consumers, as they produce heat stable (emetic) and heat sensitive (diarrheal) toxins that 

can result in food poisoning (Hanashiro et al., 2005). Although, Rane, (2011) suggested the spores of B. cereus 

can survive the cooking process, their prevalence in RTE food also reveal the poor open air food storage at 

the point of sale (Odobab, 1999).  

 

Members of the family Enterobacteriaceae have been considered as a potent cause of foodborne outbreaks 

(Nyenje et al., 2012). In this study, Enterobacter spp. were detected as the most prevalent isolate among the 

recovered Enterobacteriaceae and the findings are in agreement with Nyenje et al., 2012. Enterobacter spp. 

are identified as the sixth most common cause of nosocomial infections such as bacteraemia, urinary tract 

infection, wound infection, gastrointestinal tract infections, etc (Tauxe, 1997). Therefore the presence of these 

organisms in the food might pose a health risk to children and individuals.  

E. coli are the second most prevalent Enterobacteriaceae detected in the current study. It is an opportunistic 

pathogen present in the intestinal tract of warm blooded animals and a few are enterovirulent strains (e.g. 

Enterohaemorrhagic E. coli) that cause illnesses such as travelers’ diarrhea especially in developing countries 

(Huang et al., 2014).  However, presence of E. coli in RTE food, is a clear indication of recent faecal 



Presentations of Sixth AAAF 2016 (ISBN 978-955-4543-34-8) 
 

 

33 

 

contamination and at the same time convey the possibility of occurring other enteric pathogens in the food. A 

study in Triniland detected E. coli in 35% of RTE food, while this study recovered E. coli in 60% of the food, 

including kebab, hotdog and noodles but not recovered any in devilled food samples. This could be attributed 

to secondary contamination of the cooked food by the addition of poor quality ingredients or due to poor 

personnel hygienic practices (Fang et al., 2003). Studies identified that use of polluted water in food processing 

is a major source of transmitting pathogens, especially if the processing does not completely eliminate bacteria 

(Cabedo et al., 2008). 

 

Previous studies reported that prevalence of Salmonella, the causative agent of salmonellosis, in cooked meat 

is as low as 0.001% (Little and De Louvois, 1998). This is because Salmonella is not heat resistant and is 

inactivated by adequate cooking (Cabedo et al., 2008). However, the present study detected 5% of Salmonella 

in hotdog which could be a result of cross contamination after the cooking (Cabedo et al., 2008). According 

to Rane, (2011) inappropriate waste disposal near food preparation areas are ideal habitats for rodents, flies 

and microorganisms, therefore increase the risk of transmitting enteric pathogens, including Salmonella, 

Shigella, Campylobacter into the food. More importantly, Salmonella can be introduced to the food by poor 

personnel hygienic practices of certain food handlers who are being carriers of Salmonella (Saadia and Easa, 

2010). This study also detected Proteus spp. and Morganella morganii that can be opportunistic pathogens, 

implicated with food poisoning cases (Akusu and Wemedo, 2016).   

 

Accordingly, the current findings disclose that the analyzed food impose a potential health hazard to 

consumers. Therefore, it emphasizes the need of food safety precautions at food vending sites to control 

foodborne pathogens in RTE food. In line with WHO, a food should be thoroughly cooked until the center of 

the food reaches to a temperature of 70oC for at least two minutes, in order to ensure the microbiological 

safety. Further, it is recommended to store RTE food, either at temperatures below 4oC or above 60oC prior to 

serving (WHO, 2014). However, a good infrastructure facilities coupled with a proper training and awareness 

among food handlers, strict laws and regulations and effective Food Safety Management Systems (FSMS) 

should be in practice to offer a high quality, safe product in consumer hands. 

 

Conclusion 

 

The findings demonstrate that ready-to-eat  meat based food sold in selected informal market in Colombo city 

constitute a potential hazard to human health due to the presence of Salmonella, Staphylococcus aureus, 

Bacillus cereus, Proteus spp., Enterobacter spp., Escherichia coli and Morganella morganii. The poor 

infrastructure, lack of awareness among food handlers and the loopholes in regulations can be concluded as 

crucial factors that contribute to the post processing contaminations of the analyzed meat based RTE food. 

 

Acknowledgement 

 

The authors are thankful to the Department of Microbiology, Faculty of Science of University of Kelaniya for 

their funding. 

 

 

 

 

 

 

 

References 
 
Abd-El-Malek, A. M. (2014) ‘Microbiological quality of ready-to-eat liver sandwiches (Kibda).’, Global Veterinaria, 13(6), pp. 1097–



Presentations of Sixth AAAF 2016 (ISBN 978-955-4543-34-8) 
 

 

34 

 

1102. doi: 10.5829/idosi.gv.2014.13.06.91141. 

Adjrah, Y., Soncy, K., Anani, K., Blewussi, K., Karou, D. S., Ameyapoh, Y., de Souza, C. and Gbeassor, M. (2013) ‘Socio-economic 

profile of street food vendors and microbiological quality of ready-to-eat salads in Lom??’, International Food Research Journal, 
20(1), pp. 65–70. 

Adu-Gyamfi, A. (2012) ‘Microbiological Quality of Chicken Sold in Accra and Determination of E. coli’, Food and Nutrition Sciences, 
3(5), pp. 693–698. doi: 10.4236/fns.2012.35094. 

Akusu, O. M. and Wemedo, S. A. (2016) ‘Microbiological quality of selected street vended foods in Port Harcourt metropolis , Rivers 
State , Nigeria’, 5(2), pp. 8–11. 

Alahakoon, A. U., Jo, C. and Jayasena, D. D. (2016) ‘An Overview of Meat Industry in Sri Lanka : A Comprehensive Review’, 36(2), 
pp. 137–144. 

Bergey, D. H. (2010) Bergey’s Manual of Systematic Bacteriology - Vol 4: Bacteroidetes, Springer-Verlag New York Inc. doi: 
10.1007/978-0-387-68572-4. 

Bradeeba, K. and Sivakumaar, P. K. (2012) ‘Assessment of microbiological quality of beef , mutton and pork and its environment in 

retail shops in Chidambaram , Tamil Nadu.’, International journal of Plant, Animal and Emvironmental Sciences, 3(1), pp. 91–97. 

Cabedo, L., Picart i Barrot, L. and Teixidó i Canelles,  a (2008) ‘Prevalence of Listeria monocytogenes and Salmonella in ready-to-

eat food in Catalonia, Spain.’, Journal of food protection, 71(4), pp. 855–859. 

Christison, C. A., Lindsay, D. and von Holy, A. (2008) ‘Microbiological survey of ready-to-eat foods and associated preparation 
surfaces in retail delicatessens, Johannesburg, South Africa’, Food Control, 19(7), pp. 727–733. doi: 10.1016/j.foodcont.2007.07.004. 

Cowan S.T. & Steel K.J. (1989) Manual for the Identification of medical bacteria, 2nd edition, Press syndicate of the University of 

Cambridge, pp 45- 120. 

Darman, R. D., James, B. and Bakari, D. (2015) ‘Article Microbiological quality and safety of street meat-food sold in Soudano 
Sahelian zone of Cameroon’, International Journal of Current Microbiology and Applied Sciences, 4(2), pp. 441–450. 

De Silva, P., Atapattu, N. and Sandika, A. (2011) ‘A study of the socio-cultural parameters associated with meat purchasing and 

consumption pattern: a case of Southern Province, Sri Lanka’, Journal of Agricultural Sciences, 5(2), pp. 71–79. doi: 
10.4038/jas.v5i2.2786. 

Draper, A. (1996) ‘Street Foods In Developing Countries : The Potential For Micronutrient Fortification’, p. 60. Available at: 
http://pdf.usaid.gov/pdf_docs/PNACJ872.pdf. 

Fang, T. J., Wei, Q.-K., Liao, C.-W., Hung, M.-J. and Wang, T.-H. (2003) ‘Microbiological quality of 18 degrees C ready-to-eat food 

products sold in Taiwan.’, International journal of food microbiology, 80(3), pp. 241–250. doi: 10.1016/S0168-1605(02)00172-1. 

Gormley, F. J., Little, C. L., Grant, K. A., de Pinna, E. and McLauchlin, J. (2010) ‘The microbiological safety of ready-to-eat specialty 

meats from markets and specialty food shops: A UK wide study with a focus on Salmonella and Listeria monocytogenes’, Food 
Microbiology. Elsevier Ltd, 27(2), pp. 243–249. doi: 10.1016/j.fm.2009.10.009. 

Gunasekara M. (2013) Weekly epidemiological report, Epidemiology Unit of Ministry of Health, vol. 40, no. 49, pp 1-4. 

Hanashiro, A., Morita, M., Matté, G. R., Matté, M. H. and Torres, E. A. F. S. (2005) ‘Microbiological quality of selected street foods 
from a restricted area of São Paulo City, Brazil’, Food Control, 16(5), pp. 439–444. doi: 10.1016/j.foodcont.2004.05.004. 

Huang, R., Dawson, C. O. and Hussain, M. A. (2014) ‘Microbiological Quality of Selected Meat Products from the Canterbury Region 
of New Zealand’, Food safety, 16, pp. 12–16. 

Little, C. L. and De Louvois, J. (1998) ‘The microbiological examination of butchery products and butchers’ premises in the United 
Kingdom’, Journal of Applied Microbiology, 85(1), pp. 177–186. doi: 10.1046/j.1365-2672.1998.00538.x. 

Meldrum, R. J., Smith, R. M. M., Ellis, P. and Garside, J. (2006) ‘Microbiological quality of randomly selected ready-to-eat foods 

sampled between 2003 and 2005 in Wales, UK’, International Journal of Food Microbiology, 108(3), pp. 397–400. doi: 

10.1016/j.ijfoodmicro.2006.01.003. 

Ministry of Health, Health Services Delivery, Communicable Disease Control:Food and Water-Borne Diseases Control, Disease 

Control Programme, March 2008. 

 

Melngaile, A., Ciekure, E., Valcina, O., Safety, F., Health, A. and Bior, E. (2014) ‘Foodbalt 2014 Microbiological Quality of Meat 
Preparations and Meat Products’, (January), pp. 61–65. 



Presentations of Sixth AAAF 2016 (ISBN 978-955-4543-34-8) 
 

 

35 

 

Nazni, P. and Jaganathan, A. (2014) ‘Study on Microbial Analysis of Street-Vended Food Sampel’, International Journal of Research 

in Biological Sciences, 4(3), pp. 75–78. 

Nyenje, M. E., Odjadjare, C. E., Tanih, N. F., Green, E. and Ndip, R. N. (2012) ‘Foodborne pathogens recovered from ready-to-eat 

foods from roadside cafeterias and retail outlets in alice, eastern cape province, South Africa: Public health implications’, International 
Journal of Environmental Research and Public Health, 9(8), pp. 2608–2619. doi: 10.3390/ijerph9082608. 

Odey M. O., Mboso E. o., Ujong U. P., Johnson J. T., G. B. and A. M. A. (2013) ‘Microflora analysis of sellected meat and meat 
products from Calabar , Cross River State-Nigeria’, 5(3), pp. 50–56. 

Odobab, M. (1999) ‘Safety and quality evaluation of street foods sold in Zaria, Nigeria’, FOOD CONTROL PERGAMON Food 
Control, 10, pp. 9–14. doi: 10.1016/S0956-7135(98)00149-2. 

Oguoma, O. I. and Agusi, E. (2013) ‘Microbiological quality assessment of foods sold in student ’ s cafeterias’, Global Research 
Journal of Microbiology, 3(February), pp. 1–6. 

Pérez-Rodríguez, F., Castro, R., Posada-Izquierdo, G. D., Valero, A., Carrasco, E., García-Gimeno, R. M. and Zurera, G. (2010) 

‘Evaluation of hygiene practices and microbiological quality of cooked meat products during slicing and handling at retail’, Meat 
Science. Elsevier B.V., 86(2), pp. 479–485. doi: 10.1016/j.meatsci.2010.05.038. 

Rane, S. (2011) ‘Street Vended Food in Developing World: Hazard Analyses’, Indian Journal of Microbiology, 51(1), pp. 100–106. 
doi: 10.1007/s12088-011-0154-x. 

Saadia, M. and Easa, H. (2010) ‘The Microbial Quality of Fast Food and Traditional Fast Food’, Nature and Science, 8(10), pp. 117–
133. 

Sofos, J. N. (2008) ‘Challenges to meat safety in the 21st century’, Meat Science, 78(1–2), pp. 3–13. doi: 
10.1016/j.meatsci.2007.07.027. 

Tauxe, R. V. (1997) ‘Emerging Foodborne Diseases: An Evolving Public Health Challenge’, Emerging Infectious Diseases, 3(4), pp. 

425–434. doi: 10.3201/eid0304.970403. 

WHO, W. H. O. (2014) ‘Regional Food Safety Strategy’, p. 41. 

Yuksek, N., Evrensel, S. S. and Temelli, S. (2009) ‘A Microbiological Evaluation on the Ready-To-Eat Red Meat and Chicken Donair 

Kebabs from a Local Catering Company in Bursa’, 3(7), pp. 7–10. 

Zohreh, M., Ali, M. L., Ali, E., Ashkan, I. and Ayub, E. F. (2015) ‘Microbiological quality of ready-to-eat foods of Tehran province’, 

African Journal of Food Science, 9(5), pp. 257–261. doi: 10.5897/AJFS2015.1260. 

 



Presentations of Sixth AAAF 2016 (ISBN 978-955-4543-34-8) 
 

 

36 

 

Efficiency Analysis of Cereal - Legume Base Cropping System in Kachia and Kagarko Local 

Government Areas of Kaduna State 
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Abstract:  

The study was to examine the level of resource used efficiency in cereal legume base cropping system in 

Kachia and Kagarko Local Government Areas of Kaduna State. The multi-stage procedure was used to 

randomly selection of 150 farmers.  They were interviewed through the used of structured questionnaires 

aimed to captured the objectives of the study. Stochastic frontier production function was used to determine 

the productivity of the inputs in a cereal-legume cropping pattern. The study revealed that farmers were 

relatively efficient in the used of the productive inputs and technological available at their disposal. Seed and 

fertilizer were the most significant resources which affects the efficiency of the cereal legume. Age and 

household size were the most significant socio economic variables that affect inefficiency of production in the 

study area. 

 

Keywords: Efficiency, Cereal-Legume and Production 

 

INTRODUCTION  

Agriculture still occupies a significant part of Nigeria’s economy.  For instance, between 2010 and 

2012 the sector provide over 80 percent of non-oil earning out of which crop production averaged 

over 50 percent (NBS, 2013).  Agriculture plays an important role in employment and revenue 

generation as well as in the provision of raw materials for industrial development. The sector holds 

the key to rapid economic transformation, poverty alleviation, stable democracy and good 

governance (Rahman, 2008). However, the nation’s agricultural potentials are far from being fully 

realized and this has serious implications for food security and sustainable economic development.  

The under-development of agriculture is, indeed worrisome, given the fact that the country is 

naturally well endowed for agricultural production.  According to Azeez (2002), a large percentage 

of Nigeria population derived their income from agriculture and agriculture related activities in which 

75% of its rural inhabitants are farmers.   

However over the years, the of rate growth in agricultural production has stagnated and failed to keep 

pace with the needs of rapidly growing population, resulting in a progressive rise in import bills for 

food. The gap between population and food supply continue to widen by 3.5 percent (CBN, 2005)  

Nigerian agriculture has suffers greatly from low funding. Research has shown that most of the 

farmers are Small Scale and poor (Ijere, 1986). Given their low level of income they cannot adopt 

improved technologies such as fertilizers, herbicides, improved variety of seeds and modern farm 

machinery such as tractors and combined harvesters. They depend on traditional tools that are capable 

of generating only a very small income, producing primarily for consumption (Rahman, et 2002 and 

Imonke, 2003). Farmer’s attitude towards risk and uncertainty is one of the major factors, which 

influence farm production decisions with respect to cropping pattern, and the use of technology. 

Mixed cropping is the predominantly cropping pattern practice by most farmers in Nigeria (Olukosi 

and Elemo, 1990). The systems facilitate adequate utilization of resources  such as land, labour and 
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capital, but the interpretation of crop performance in terms of resource productivity becomes 

complicated.   

Cereal- legume mixture is the most popular mixed cropping in Northern and middle belt zones of 

Nigeria. This is due to the beneficial impact of legumes on the cereals such as provision of vegetation 

cover to check erosion as well as competitive effect of weeds on available water and nutrients (Anon, 

1996). Farmers are now adopting cereal-legume mixtures in their farms as one of the techniques of 

integrated soil fertility management for sustainable yield and steady income.  

In Nigeria, a large proportion of the land is devoted to mix cropping (Olukosi and Ogungbile, 1991). 

The motive of the farmers’ preference for mixed cropping is mostly associated with risk. There could 

be other factors that influence farmers’ decision in favour of mixed cropping system; which are yet 

to be identified and understood. The nature of input-output relationship and price efficiency of inputs 

is the main focus of the research.  

 

METHODOLOGY   

Study Area  

The study was conducted in two Local Government Areas (LGAs) of Kaduna State, namely Kachia 

and Kagarko Local Government Areas. The state lies in the North Central position between Latitudes 

9o 10 N and 11:30 North of the Equator and Longitudes 6o E and 9o: 10 East of the Greenwich 

meridian. 

A multistage sampling procedure was used for the study to select 150 respondents.  

Primary data were used for this study. The data were collected based on the 2011 Cropping Seasons 

through the use of structured questionnaire which was administered to the farmers that were engaged 

in cereal-legume mixtures.  

 Analytical Tool   

     Stochastic Frontier model 

The stochastic productions function as specified by (Battese and Coelli, 1995; Amaza and Olayemi, 

2002) used stated as thus;: 

                             ὣ Ὢ  ὢ Ὡὼὴ  ὠ ɀ Ὗ                                        (1) 

Where; 

  Yit =  output                          

.ὢ      a vector of input      a vector of parameter to be estimated  

 Ὢ  is the Cobb-Douglas functional form. 

ὠ  are random errors that are assumed to account for measurement errors of the farm that are 

assumed to be independently and identically distributed  (ὭὭὨȟὔπȟὺ  
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Ὗ   are non-negative technical inefficiency in the production and obtained by truncation (at zero ) 

of the normal distribution with  ὔ ά ȟὺȢ 

Where m ᾀ „ȟ 

The values of the unknown parameters of this model were estimated by maximum likelihood method, 

after making assumptions regarding the distributions of  Ὗ ὥὲὨ ὠ which are often assumed to be 

normal and half normal, respectively. As presented in the model, the stochastic frontier has two error 

terms, 

                               „  „  „                                                                                          ( 2) 

and  

                                 = „Ⱦ „    where,   is defined  for (0 <   < 1)                                 (3 ) 

 unlike in the traditional production function. One error term, Ὗ, accounts for technical inefficiency 

and the other  ὠ, to account for other factors such as measurement errors in the output variable. 

Therefore the Cobb-dauglass specification is as follow; 

                 ὰὲὣ    ὰή  ὒή  ὒή  ὒή  ὒή  ὠ  Ὗ     ( 4 ) 

Where, 

ὒ =    Natural logarithm to base 10 

ὣ  =   Total output of ith farm ( kg grain equivalent) 

   =   Parameters to be estimated, 

qi   Farm size (ha) 

ή  = Labour (Man-days) 

Ñ  = Seed  (kg) 

ή = fertilizer (kg) 

ή =  Agro chemical (litres) 

Efficiency determinants. A unique feature of the stochastic frontier is the decomposition of the 

component error term (Vi-Ui) into mutually exclusive events. This is usually achieved by estimating 

the mean conditional distribution of U given V expressed as: 

                  ὉὠὩϳ Ὗ „ᶻὪᶻ ‘„ᶻϳ  ρ Ὂ Ὗ „ᶻϳ                                     (5) 

Where;  „ᶻ „ὺ„ό„ϳ  ȟ‘ „όὩȟ

Ὢ Ὥί ὸὬὩ ίὸὥὲὨὥὶὨ ὨὩὲίὭὸώ ὪόὲὧὸὭέὲ ὥὲὨ Ὂ Ὥί ὸὬὩ ὨὭίὸὶὭὦόὸὭέὲὥὰ ὥίίόάὴὸὭέὲȢ  

The values of the unknown coefficients were estimated using the maximum likelihood [ML] method. 

ὠ  = Random errors which are assumed to be independently and identically distributed as N (0, „  

v). 
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Ὗ =Non- negative random variable associated with technical inefficiency of production assumed to 

be independently distributed such that μi is obtained by truncation (at zero) of the normal distribution 

with variance „u2 and mean μ where the mean is defined by; 

      μ=δo+δ1z1δ1z2+δ3z3+δ4z4+δ5z5+δ6z6+δ7z7+δ8z8                                               (6 ) 

Where;  

δ= a vector of unknown parameters to be estimated 

zi = ( I = 1, 2, 3, 4, 5) = Factors contributing to inefficiency 

z1 =   Total    Farm size (hectares)  

 z2 =  Age of the farmers in years,     

z3 =    Farming experience (years)  

z4 =   Educational level ( Years of schooling by farmer) 

z5 =    Household size (No of persons ) 

z6 =     Non  farm income (N) 

z7 =   Gender {Dummy 1 for male 0 otherwise} 

z8 =   Extension contact ( number of extension agent contact)  

 

RESULTS AND DISCUSSION 

Estimate of Input and Output Relationship (Production    Frontier Estimate) 

The parameters of the model were estimated by maximum likelihood (MLE) using the computer  

programme frontier 4.1 developed by Coelli (1996). Frontier is a single purpose package specifically 

designed for estimation of stochastic production frontier and technical efficiency. The maximum 

likelihood estimate of the stochastic production for the cereal-legume crop mixtures is presented in 

Table 1. The ( „  ) sigma square (7.4345) is statistically different from zero indicating a good fit and 

the correctness of the specified distribution assumption of the composite error terms. The variance 

ratio defined as  Gamma(   ) was estimated to be 0.1313 implying that  technical inefficiency account 

for about 13.13% of the variation in output levels of cereal-legume crop mixtures. 

  Production Determinants: 

The production function indicates the relative importance of the factor inputs used in farming among 

the cereal-legume crop mixture farms in the study area. Seed and fertilizer were the most important 

factor influencing the production in the study area. The coefficient of seed (0.1198) is positive and 

significant at 1% level of probability. Seed is therefore a significant factor associated with changes 

in output of cereal-legume crop mixtures. The coefficient of fertilizer (0.0892) was also found to be 

positive and significant at 1% level of probability. Though land, labour, and agrochemicals were 

positively related to output variations in the study area, estimates from the result shows that their 

variables were not significant factors influencing output of the cereal-legume crop mixture farms. 

Mathematically the Cobb-Douglas specification can be expressed as shown below 
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ὰὲὣ ρȢφτψω  1.7159q1 + 0.2035q2 + 0.3718q3 + 0.2877q4 + 0.0664q5 

           ( πȢςυχπ)   (0.1671)      (0.1568)     (0.1198)    (0.0892)    ((0.0742)  

The sources of inefficiency were examined using the estimated () coefficients associated with the 

inefficiency factors. The factors includes: Farm size, age, farming experience, Education, Household 

size, Income, Gender and extension contact. According to Udoh (2005), Edet  et-al(2006) estimated 

coefficients  of inefficiency provides some explanations for the relative technical efficiency levels 

among individual farms. In this study, only age (-0.0117) and household size (-0.2146) were 

statistically significant at 1% level of probability. That is as the age and household number increases 

the level of technical efficiencies increases. This may be attributed to the fact that farmers with larger 

families have more family labour and this is important for timely operation of farming activities 

which is capable of translating into higher efficiencies. The older farmers because of long years spent 

in cultivation of cereal legume mixtures might have acquired more experience that could lead to the 

higher efficiency in production. 

 Therefore, the inefficiency model can be mathematically expressed as shown below. 

‘   -0.2487 + 0.0083 - 0.0117 - 0.0434 + 0.0036 - 02146+-0.4361+0.0697+0.0036 

        (0.4646)  (0.0105) (0.0012) (0.0011) (0.0066) (0.0002) (0.0002) (0.1737) (0.0008)  

 

Table 1 Estimated Cobb-Douglas Stochastic Production Function for Cereal-Legume 

Mixtures  

Input Variables         Parameters Coefficient t-ratio 

Constant  1.6489(0.2570) *** 

 

6.4139 

Land  1.7159(0.1671) 

 

0.1026 

Labour  0.2035(0.1568) 

 

1.2978 

Seed  0.3718(0.1198) *** 

 

3.1033 

Fertilizer  0.2877(0.0892) *** 

 

3.226 

Agrochemical  0.0664(0.0742) 

 

0.8949 

Inefficiency Model     

Constant (0.4646)0.2487-  

 

-0.5352 

Farm Size (0.0105)0.0083  

 

0.7876 

Age 9.3258- *** (0.0012)0.0117-  
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Farming Experience (0.0011)0.0434-  

 

-0.0380 

Education (0.0066) 0.0036  

 

0.5499 

Household Size (0.00002)0.2146-  *** 

 

-9.4094 

Non farm income (0.0002)0.4361-  

 

-0.2760 

Gender (0.1737) 0.0697  

 

-0.4015 

Extension Contact 0.4454 (0.0008) 0.0036  

 

Variances 

   

Sigma Squared „ 7.434*** 7.2255 

Gamma  0.1314 0.9104 

Log likelihood function ὒὪ -9.9728  

 ὒὙ ὸὩίὸ 4.4964  

Source: Field Survey, 2011 

*,**,*** level of significance at 10% 5% and 1% respectively  

Figures in parenthesis represent standard Error 

  

CONCLUSION AND RECOMMENDATION  

The finding of the study had substantiated the significance of seed; fertilizer, age and house hold size 

as the determinant of cereal legume mixture output in the study area. The study therefore recommends 

that farmers should be encouraged to boost their output by adopting yield boosting technologies such 

as improved seed and fertilizer.  
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Abstract 

Exports of ornamental fish have become valuable foreign exchange earning in Sri Lanka.  

Unavailability of reliable live feeds for brood fishes is a major difficulty faced by this expanding 

industry. In this study, four consecutive feeding trials were conducted to evaluate housefly (Genus: 

Musca) larvae as a live feed for a broodstock of Siamese fighter fish (Beta splendens). In each feeding 

trial, three different diets, a commercial feed (dried tubifex worms), Minced Fish Flesh (MFF) and 

Live Housefly Larvae (LHL) were fed to 15 breeding couples of fighter fish over a 42-day period. Each 

breeding couple was stocked in a glass aquarium (30×15×15 cm), which was partitioned into two 

identical parts to keep male and female fish separately. The housefly larvae used in this study were 

reared in a substrate of kitchen refuses and the MFF was prepared by using flesh separated from 

Sardine fish (Sardinella spp.). At end of each feeding trial, the brooders were allowed to mate and 

number of offspring produced by them was counted. The results indicated that fish fed commercial 

feed had significantly (p<0.05) lower offspring production than other feeding groups. However, no 

significant difference (p>0.05) was observed in offspring production between fish fed LHL and MFF 

diet. In comparison with mean offspring count obtained from commercial feed (310.38±6.84), feeding 

of LHL has significantly (p<0.05) increased the offspring production by 15.43 to 20.72%. Thus, it is 

economical to feed live housefly larvae for brooders of carnivorous Siamese fighter fish.  

 

Key words: Live feed, live housefly larvae, offspring production, Siamese fighter fish 

 

INTRODUCTION  

Maintaining of a healthy broodstock is an essential requirement to ensure a reliable source of fish 

seeds. Regarding the economic point of view, it assures continuous growth of an ornamental fish 

farming enterprise and ultimately overall progress of the industry. It is well known that nutrition plays 

an important role to determine the reproductive potential of fish. Feed composition, quality and 

quantity, and ration size are therefore among the most important for successful management of brood 

fish (Sampath and Pandian, 1984; and Jobling, 1998). 

High valued freshwater ornamental fish species are generally categorized as carnivorous and they 

require foodstuff with higher protein content than the food-fish species. Although they are adapted to 

consume formulated feed in grow-out conditions the formulated feed are not capable to bring them 

into their maximum reproduction potential. However, the live feed particularly those which form part 

of a fish’s natural diet, are likely to contain some of the essential nutrients which are vital to bring 

them into breeding condition (Dawes, 1992). Therefore, the use of live feeds in broodstock 

management can be considered as a better option in order to achieve maximum reproduction potential 

of high valued freshwater fish species reared in captive conditions. 

In numerous aquaculture systems, feeding of live feed is seen as an essential component in larval 

rearing but their use for brood fish or fish in grow-out conditions is not much common. However, 

considerable interest has recently been focused on the use of selected macro-invertebrates (insect 

larvae and oligochaetes) as a means of breaking down and utilizing “waste streams” (animal manures, 

domestic sewage and agricultural wastes) which would otherwise have little or no direct feed value 

within a compound diet. Because of their ability to utilize and upgrade waste nutrients into a 
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“palatable” nutrient-rich package these macro-invertebrates can be used as potential source of live feed 

for fish in adult/matured stage which have larger mouth sizes (Wee, 1988).    

Among the macro-invertebrates, maggots, the larva form of housefly (Genus: Musca) grows 

extensively on animal dung and food waste (Sogbesan et al., 2006). Since the rate at which the 

houseflies breed is amazing maggots are readily available. Teotia and Miller (1973) stated that the 

housefly larvae grown on animal waste seem to have an immense potential as a good protein source 

for fish. Adeniji (2007) cited that that their amino acids profile and its biological value is superior to 

soybean and groundnut cake.  Other than the high availability, since they free from human competition 

and have been accredited for its high quality protein live housefly larvae can be considered as one of 

potential live feed for fish.  

The experimental fish used for this study is Siamese fighter fish (Beta splendens). They are considered 

as a highly carnivorous fish species and their feeding habit is much similar to high valued freshwater 

ornamental fish species which have been concerned before. Therefore, it will be rational to assign 

conclusions obtained from this study for other carnivorous freshwater ornamental fish species as well. 

In the wild, fighter fish feed on zooplankton including crustaceans and the larvae of mosquitoes and 

other insects, such as flies, crickets, or grasshoppers (“Siamese fighting fish”, 2010). In Sri Lanka, B. 

splendens reared in captive condition have been mainly fed with live or frozen bloodworms and dried 

Tubifex worms. Although bloodworms are concerned as nutritional food for B. splendens they are not 

readily available throughout the year. On the other hand, dried Tubifex worms are expensive to use for 

farmers although they are readily available in pelleted form under different trade name.     

The main objective of this study is to investigate the feasibility of live housefly larvae (Genus: Musca) 

as a live feed for broodstock of carnivorous ornamental fish species (fighter fish, Beta splendens).  

 

METERIALS AND METHOD  

The experimental fish were reared an indoor facility where the surface area was approximately 400ft2. 

The production unit of housefly larvae was established in same site as an outdoor facility. The study 

was carried out for eight months from February to September in 2009.  

Beta splendens which were used for this study were obtained from nearby ornamental fish farm. A 

forty eight pairs of adult fish (48 females and 48 males) were altogether used for this study. By 

concerning of available fish holding facilities, the experiment was conducted as four consecutive 

feeding trails. Each feeding trial therefore comprised with a twenty four adult B.tsplendens (12 males 

and 12 females). At the end of each trial (except the last), fish required for next trail were collected. 

All experimental fish were selected basis of identical external morphological characters such as body 

length, colour and the shapes of the fins. They were approximately six weeks old at the time when they 

were collected from the farm.  

The commercial water stocked in a header tank was used for rearing fish throughout the study. An 

anti-chlorine solution was added (1ml/5 liters of water) into water to eliminate the effect of dissolve 

chlorine before fish were stocked. Since the study was carried out in an indoor facility it was expected 

that the water temperature remained at 25-300C range. It was believed that other water quality 

parameters were also at required range to rear fish. 

As previously pointed out, a twenty four identical B.tsplendens were selected for single feeding trial. 

The selected fish were initially stocked in identical glass bottles of 500ml of each.  They were then 

reared for a week in order to acclimatize new conditions. During acclimatization period fish were fed 

with a frozen fish food. Thereafter, they were transferred into maturation tanks. The maturation tanks 

were glass tanks which were used to hold the experimental fish during the feeding trial. There were 12 

identical maturation tanks, each tank measuring 30cm x 15cm x 15cm. Each maturation tank was 
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partitioned into two identical parts1 in order to store a pair of brood fish (a breeding couple). The 

partitioning was done by using glass plates in a manner that water was able to exchange between two 

parts. Therefore, similar water quality parameters were able be maintained in both parts. Opaque 

screens were fixed in each possible side of the maturation tanks where fish were able look each other. 

After conducting the feeding trial for 42 days, matured fish were allowed to spawn in spawning tanks 

(45cm x 30cm x 15cm).  

Twelve randomly paired breeding couples were used in each feeding trial. After the acclimatization, 

they were stocked in maturation tanks. Three broodstock feeds, an imported commercial feed (dried 

tubifex worms), Minced Fish Flesh (MFF) diet and live housefly larvae were used to study their effects 

on fry production. There were four replicates per each of this treatment. The commercial feed was 

bought from a fish feed supplier. It was available as dried feed cubes. Flesh separated from Sardine 

fish (Sardinella spp.) were used to prepare fish mince. The housefly used for this study produced at 

experimental site. The production process has been explained in section 3.5. A 50% water exchange 

in maturation tanks was done per three days by siphoning. The depth of water was maintained at 10cm. 
 

 
Figure 01: Maturation tanks 

 

Fish were fed with three treatments until apparent satiation had been achieved. Feed were offered times 

per day, at 09:00, 13:00 and 17.00 hours. One cube of the commercial feed was approximately 1cm3. 

Since those were much larger than mouth size of the fighter fish each cube was divided into 16 food 

particles using a surgical blade. A 90-100 feed cubes had been included in each 30g (net weight) 

container of commercial feed. Therefore, the average weight of a food particle was approximately 

20mg (30g / 95 x 16). Fish flesh separated from Sardine fish was also minced according to mouth size 

of the experimental fish. Live housefly larvae were offered one by one by using forceps (Figure 01). 

The average weight of a housefly larva is 15-20mg. There was 10 seconds time interval between each 

offering. The feeding trail was carried out for 42 days.   

Kitchen refuses obtained from nearby small-scale hotel were used as substrate for rearing housefly 

larvae. Cooked rice, coconut and vegetable residues and animal origin offal were among main 

ingredients of this substrate. However, the composition of the substrate was not consistent and changed 

according to availability of the ingredients. 500g of the substrate was used as substrate for single 

production cycle. At first, it was spread in substrate holding containers (250g per each) to a thickness 

of 1-2cm. 10ml water was added to each container in order to maintain the moisture level.   

The Substrate Holding Containers (SHCs) were flat plastic containers. Each was approximately 

300cm2 was able to hold 250g of substrate. Two SHCs were used in single production cycle. There 
were eight SHCs because four production cycles were simultaneously carried out to maintain 

continuous production of housefly larvae.   

                                                 

 
1
 Each part measuring 15cm x 15cm x 15cm 
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Thereafter, the substrate was exposed for housefly (Musca domestica) to lay eggs. It has been reported 

that the sun light is able to heavily reduce the fertility of housefly eggs. Therefore, the substrate was 

kept under the shade.  After two days the SHCs were transferred into a Larval Rearing Container 

(LRC).  

There were four LRCs. Those were regiform boxes measuring 45cm x 45cm x 30cm. Each LRC 

provided room to place two SHCs (Figure 03). After SHCs were transferred into a LRC housefly eggs 

were hatched into larvae within next 48 hours. Soon after hatching, small housefly larvae were visible 

in the substrate and they begin to feed on substrate. Several previous studies have been concluded that 

the high temperature (35-450C) were favorable for the development of housefly larvae. Therefore, LRC 

was tightly closed by its flap (regiform plate) in order to maintain high temperature inside of the box.  

In addition to that, 2 PVC pipes were fixed to each LRC (as shown in Figure 02) in order to supply 

sufficient oxygen. Openings of each pipe were covered by pieces of cloth in order to prevent escaping 

of housefly larvae and entering of other insects (Figure 02).  The SHCs were placed in an elevated 

stage. Surface of the LRC was maintained in dry in order to make easy the collecting of larvae. 

         

Figure 2. Diagram a Housefly Larvae Rearing    

Container (LRC) 

 

Housefly larvae were harvested when they were at second instar stage or before they grow more than 

10mm. It was observed that the housefly larvae reached to second instar stage within 48 hours after 

they were hatched from eggs. One production cycle of housefly larvae therefore extended up to 6 days 

(2 days for laying eggs + 2 days for hatching eggs + 2 days for larval development). SHCs were initially 

filled with water. After that whole content (larvae + substrate + water) were put into a screen of 2mm 

mesh size. The water filtered out and larvae and substrate remained inside the screen. Thereafter, 

screen was placed under continuous water flow for 2 minutes to clean the content. At last, housefly 

larvae were individually captured by using a forceps and collected into a container.  

 

 

 

 

Figure 03: The arrangement of the digital camera to 

take photographs of water surface of the spawning 

tank 

 

The performances of brood fishes were evaluated by counting the number of offspring produced by 

each breeding couple. In order to count the number of offspring, new method was used. As shown in 

Figure 03, water surface of each spawning tank was initially taken into digital photograph. Thereafter 

those photographs were fed in a computer and number of offspring was counted by enlarging each 

photograph. Since offspring were able to swim when they came out from the bubble net above method 

 

 a=PVC pipes, b=Substrate Holding Containers, 

c=water (thin water layer), d=flap and e=Larval 

rearing container (regiform box) 

 

a=Digital Camera, b=Spawning Tank, c=White 

Colour Paper 
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was useful to prevent counting of same hatchling again and again. The male fish that guarded the 

offspring were removed from spawning tanks before the photographs were taken. 

 

RESULTS AND DISSCUSSION 

Proximate Analysis 

The proximate compositions of three broodstock feeds on a wet weight basis are tabulated in Table 01. 

Comparison of three broodstock feeds on a wet weight basis is important because housefly larvae and 

MFF diet were offered for fish as live and fresh form, respectively. Out of the three feeds, commercial 

feed contained lowest moisture content (13.47%) and therefore highest dry matter content. 

Furthermore, the commercial feed had significantly higher crude protein and lipid concentrations 

(38.15% and 10.28% respectively, on wet weight basis) than other two test diets.  

The proximate compositions of three dietary treatments expressed as dry matter basis are summarized 

in Table 02.  The crude protein (53.43%) and lipid (17.82%) contents obtained for housefly larvae are 

well consistence with findings of Aniebo and Owen (2010), Awoniyi et al. (2003) and Sogbesan et al. 

(2006). 

Spawning Performances of the Different Feeding Groups 

The normality test revealed that offspring counts of three feeding groups were fit with normal 

distribution. Although relatively higher variances were observed in fish treated with housefly larvae 

and MFF diet (Table 03) the Levene’s test indicated that there was no significant (p<0.05) 

heterogeneity among treatment variances. The Coefficient of Variation (CV) calculated for three 

dietary treatments has further generalized the homogeneity of variances (Table 03). Out of three 

broodstock feeds, mean offspring production achieved through commercial feed was significantly 

different (p<0.05) from other dietary treatments. On the other hand, there is no significant 

Table 01: Proximate composition (% fresh weight basis) of the commercial feed (A), MFF diet 

(B) and live housefly larvae (C) 

 

 % Wet weight basis 

Feed Moisture Crude protein Crude lipid Ash NFE 

A 13.47±0.35
a
 38.15±0.50

a
 10.28±0.27

a
 11.75±0.17

a
 26.09±0.64

a
 

B 74.68±0.53
b
 14.65±0.36

b
 5.38±0.43

b
 1.68±0.25

b
 3.62±0.41

b
 

C 82.03±1.63
c
 9.61±0.99

c
 3.19±0.29

c
 1.37±0.07

b
 3.80±0.68

b
 

NFE = 100 ð (Moisture + Crude protein +  Crude lipid + Ash) 

Means with different superscripts across the columns differ significantly (p<0.05) 

 

 

 

 Table 02: Proximate composition (% dry weight basis) of the commercial feed (A), MFF diet 

(B) and live housefly larvae (C)  

 

 % Dry weight basis 

Feed Crude protein Crude lipid Ash NFE 

A 42.93±0.43
a
 11.88±0.32

a
 15.89±0.20

a
 29.30±0.43

a
 

B 57.81±1.78
b
 21.26±1.80

b
 6.65±0.92

b
 14.28±1.40

b
 

C 53.43±1.75
c
 17.82±1.97

c
 7.69±0.92

b
 21.06±1.94

c
 

Means with different superscripts across the columns differ significantly (p<0.05)  

 

 

 

Table 03: Number of offspring per mating of Siamese fighting fish fed with the commercial feed 

(Treatment A), MFF diet (Treatment B) and live housefly larvae (Treatment C)  
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Statistical parameter Offspring production per mating  

Treatment A Treatment B Treatment C 

Mean 310.38
a
 375.44

b
 366.50

b
 

Variance 72.92
a
 242.00

a
 202.80

a
 

Standard deviation 8.54 15.56 14.24 

CV 0.028 0.039 0.41 

Means and variances with different superscripts across the columns differ significantly (p<0.05) 

(p<0.05) difference between mean offspring productions obtained by feeding live housefly larvae and 

MFF diet.  

The relative importance of visual characteristics of a prey that determine responsiveness of fish has 

ranked in the order movement > size > colour > shape (Croy and Hughes, 1991). The characteristic 

worm like movement of live housefly larvae could make much respond on fighter fish rather than 

commercial feed or MFF diet, since evolutionary history has probably adapted them to attack moving 

prey in nature. It was observed that fighter fish tended to attack on housefly larvae even their when gut 

was full with food. Because of this voracious feeding activity, the total consumption of housefly larvae 

was approximately 4 times heavier than consumption of commercial feed. It seems therefore 

tenderness live prey, with a relatively high water content, may be more palatable to larvae once taken 

into mouth, compared with the hard, dried commercial feed. Although MFF diet did not make strong 

visual stimuli in fish as done by housefly larvae it could make considerable chemical stimuli than other 

two broodstock feeds. Similar to housefly larvae tenderness nature of MFF diet could make it more 

palatable.  

The size of food particles seemed to have substantial influence on consumption of commercial feed. It 

has been observed that fighter fish refuse to feed on, larger food particles which they could not engulf 

by single attempt. However, when they were offered either MFF diet or live housefly larvae they have 

made several attempts to engulf those feed even though size of individual feed item was relatively 

large. 

It has been reported that dietary ash content has negative correlation with protein digestibility (Robiana 

et al., 1997).  The protein to ash ratio of the commercial feed is 3.25 (calculated for wet weight basis), 

which is relatively lower in comparison with other two test diets (8.73 for MFF diet and 7.00 for 

housefly larvae). These results interpret that the commercial feed had high ash content relative to its 

protein content. Therefore, it has been suggested that commercial feed may have low protein 

digestibility even though it contained high crude protein content. It seems therefore elevated ash 

concentration in commercial feed could make adverse effect on offspring production of experimental 

fish by reducing protein digestibility. Since it has been reported that dietary protein level influenced 

for weight gain of brood fish, quantity and quality of eggs and larval viability (Cerda et al, 1994) 

reduced protein digestibility could play key role to decrease the offspring counts of fish fed with 

commercial feed.   

The fatty acids have been found as the major source of metabolic energy for reproduction of fish 

(Henderson et al., 1984 and Sargent et al., 1989). Tamaru (1997) has been suggested that most of 

freshwater ornamental fishes do not require the ω-3 fatty acids as reported to be essential for marine 

fish species (Watanabe et al. 1983) and further mentioned ω-6 fatty acids (18:2n6 and 20:4n6) play a 

critical role in reproduction of freshwater ornamental fishes. The fatty acid profile of housefly larvae 

indicated that it contained high percentage of ω-6 fatty acids specially linoleic acid (Calvert, 1979, 

Ackmann, 1988, St-Hilaire, et al., 2007 and Hwangbo, et al, 2008). Tamaru (1997) has attributed that 

live tubifex worms also had a fatty acid profile dominated with ω-6 fatty acids. Therefore with regard 

to the fatty acid profile, the commercial feed would have been expected to show the offspring 

production closer to results of housefly larvae but according to present study, it was not so. This 

deviation could be because commercial feed has been obtained less response from fish in comparison 

with live feed therefore feed intake has been reduced. On the other hand, degrading the quality of fatty 

acids during processing (drying) of tubifex worms might be also possible.  
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Since small pelagic marine fish species has been reported as a better source of ω-3 fatty acids rather 

than ω-6 fatty acids MFF diet could dominate with ω-3 fatty acids (Edirisinghe et al. 1998). It seems 

therefore fighter fish are able to efficiently utilize both ω-3 and ω-6 fatty acids complete replacement 

of one by other does not affect for their reproduction performance. 

Delayed development of housefly larvae during rainy season could be related to low temperature in 

that period. However, it was not observed significant (p<0.05) difference in mean daily production of 

larvae during throughout period of study (Table 04). Harvesting housefly larvae at second day after 

hatching has been very important because variation in larval size was minimum at that time. Housefly 

larvae aged more two days were difficult to consume for fighter fish because they were large in size. 

Furthermore, the ability to make movements in water was considerably high in younger housefly larvae 

than the larvae at later development stages. 

RCBD with an ERE larger than 125% to be “better” than the comparable CRD (Hinkelmann and 

Kempthorne). It seems therefore, creating blocks has made substantial reduction in experimental error 

and increased. 

CONCLUSION 

According to the confidence intervals calculated for differences between treatment means, feeding of 

housefly larvae has significantly increases the offspring production of Siamese fighter fish by 15.43 to 

20.72% (or 48 to 64 individuals) compared to mean offspring production of commercial feed 

(310.38±6.84). This is equal to Rs. 700-900 increment in the income per each mating. With the 

reduction of feed cost, feeding of live housefly larvae has altogether contributed for Rs. 800-1000 

economic benefit for each mating. Apart from that, there is no significant difference between offspring 

productions obtained through MFF diet and housefly larvae. At last, it can be concluded that there is 

high feasibility to use housefly larvae as low cost live feed for brooder of carnivorous Siamese fighter 

fish. 

Table 04: Mean number of fly larvae (per production cycle) produced in different feeding trails  

 

Statistical 

parameter 

Daily production of housefly larvae (by number)  

Trial 01 Trial 02 Trial 03 Trial 04 

Mean 405.25
a
 399.63

a
 393.75

a
 414.31

a
 

Variance 435.00
a
 555.72

a
 398.87

a
 704.63

a
 

Standard deviation 20.86 23.57 19.97 26.54 

CV 0.051 0.059 0.051 0.064 

Means and variances with different superscripts across the columns differ significantly (p<0.05) 
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Abstract 

 

This study was carried out to determine the effect of Allium sativum as an alternative antihelminthic in West 

African Dwarf (WAD) sheep.  Twelve rams of between 8-13kg were used in a 42 day experimental period. The 

rams were housed individually in a pen fed Panicum maximum supplemented with concentrate at 3% of their 

body weight, water was available at all time. The animals were divided into to three treatment groups with 

four animals per group. The first groups was administered Albendazole (synthetic anti-helminth) while the 

second and third group was drenched with reconstituted Allium sativum at the rate 200 and 400 mg/kgBW. 

Faecal samples were collected directly from the rectum of the experimental animals, weekly and analyzed in 

the laboratory using the McMaster floatation technique. Data obtained were subjected to descriptive analysis 

using graphs as contained in SPSS 2006. The garlic powder contained 13.03% moisture and 86.97% dry 

matter; 4.11% fat, 6.78% ash, 10.89% crude fibre, 18.97% crude protein and 59.26% carbohydrate. The 

effects of the treatments were accessed by the extent of the decline in the slopes of the faecal egg count (FEC) 

of the experimental animals. Albendazole reduced the egg per gramm (EPG) of the faeces while, administered 

garlic showed no definite reduction but increase in the EPG of the faeces. However, for oocyst count, all 

administered treatment follow the same trend. It could be concluded that drenching reconstituted Alium 

sativum at the rate of 200 and 400 mg/kgBW is not effective against gastrointestinal nematodes. 

 

Keywords: Rams, Alium sativum and faecal egg count 

 

Introduction  
 

In ruminant production, gastrointestinal parasitism has been a major constraint that hinders the sustainability 

and profitability livestock production, especially in sheep production (Esyker and Ploeger, 2000). An 

unmanageable load of endoparasites is associated with lowered outputs of animal products and by-products, 

thus contributing to production and productivity loses (Knox, 2000). Sheep graze closer to the ground, directly 

over their manure, increases their susceptibility to the nematodes more than other classes of livestock 

(Padgham, 2000).  

 

Since the 1960s, worm control has relied heavily on the use of synthetic anti-helminths such as Invermectins, 

Levamisoles, and Thiabendazole (Padhgam, 2000), which has been queried for it residual effect on both 

animals and humans. It has been reported that worms are growing resistant to the synthetic/chemical 

therapeutic means of control through indiscriminate and/or compulsory use of anti-helmintic drugs (Jackson 

and Coop, 2000; Mortensen et al., 2003; Hoste et al., (2005). Also, the long-term exposures ofanimals to these 

anti-helminths lead to the loss of natural resistance and immunity. The emergence of resistance to anti-

helmintic drugs is now a worldwide phenomenon and the increased awareness of consumers about drug 

residues in the food chain have stimulated investigation into alternative to commercially available anti-

helminths such as nutrition manipulation, use of medicinal plants and rotational grazing (Jackson and Coop, 

2000). 
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The use medicinal plants to combat parasitism in many parts of the world are ancient and still employed for 

this purpose. The use of medicinal plants for the prevention and treatment of gastro-intestinal parasitism has 

its origin in ethno-veterinary medicine (Athanasiadou et al., 2007). In ethno-veterinary medicine, there seems 

to be a range of plants or plant extract suitable for treating almost every parasitic disease of livestock. One of 

such medicinal plants is garlic (Allium sativum). Garlic, a member of the Allium family (Alliacae), has been 

used traditionally since time immemorial to treat a wide array of diseases like respiratory infections, ulcers, 

diarrhoea and skin infections (Fenwick and Hanley, 1985). Reuter et al (1996) reported garlic with antibiotic, 

anticancer, antioxidant, immuno-modulatory, anti-inflammatory, hypo-glycemic and cardiovascular-

protecting effects. Garlic has been used to treat animals that suffer from gastrointestinal parasitism (Guarrera, 

1999). Studies from organic sheep producers in the US reported the use of garlic as a viable alternative to 

commercial anti-helminth (Noon, 2003). An anti-helmintic effect of garlic in mice was also reported (Ayaz et 

al., 2008). Garlic was reported to be effective of coccidia infections in rabbits (Toulah and Al-Rawi, 2007). It 

has been reported to be a parasiticide, amebicide, acarifuge, vermifuge, larvicide, fungicide, and immuno-

stimulant besides other properties (Duke, 2002). It is also used to prevent influenza, toxicities, and kill 

parasites such as roundworms and tapeworms (Bensky and Gamble, 1993). Garlic oil has a broad-

antimicrobial spectrum; as it has antibacterial, antifungal, antiviral, and anti-parasitic effects. Based on this 

fact, this study therefore, sets to investigate the effect of garlic on gastro-intestinal parasites of West African 

Dwarf sheep. 

 

Materials and Methods 
 

Experimental site, animals and management 

The experiment was carried out at the Directorate of University Farms (DUFARMS), Federal University of 

Agriculture, Abeokuta, Ogun State, Nigeria. The site is located within the derived savannah agro-ecological 

zone with an annual mean temperature of 34.70oC and a relative humidity of 82%. It is within 7013’49.46”N 

and longitude 3026”11.98E. The altitude is 76 m above sea level. A total of twelve (12) West African Dwarf 

sheep of between 8-13kg were purchased from villages around the University of Agriculture, Abeokuta for 

the experiment. The animals were quarantined for 3 weeks for proper acclimatization. They were administered 

Penstrep as anti-stress to treat any incidence of bacterial, viral or other diseases. The initial parasite load of 

the animals were measured and noted before the start of the experiment. Thereafter, the animals were housed 

individually in pens made of wood and corrugated iron sheets and managed intensively. Throughout the 

experimental period, the animals were fed Panicum maximum, substituted with isoenergetic and isocaloric 

concentrate diet at 3% of their body weight for each animal. The concentrate diet composes of wheat offal, 

palm kernel cake, cassava peel, bone meal and salt. 

 

Plant material preparation, reconstitution and dosages 

Garlic (Allium sativum) cloves were bought from the local market, sliced, dried and pulverized into its 

powdered form. The powdered garlic was further processed and reconstituted to the required dosages for 

drenching; using water as the solvent. 20 g of garlic powder was reconstituted with 100 ml of water (Treatment 

2) and 40 g was reconstituted with 100 ml of water for treatment three (3) to give 200 and 400 mg/ml garlic 

for treatments 2 and 3, respectively. The dosages of the treatments were; Albendazole, at the rate of 5 

milligrams per kilogram (mg/kg) body weight of the animal, while, the reconstituted Allium satium was 

administered at the rate of 200 milligrams and 400 milligrams per kilogram (mg/kg) body weight of the 

animals for treatments two and three, respectively. The treatments were administered weekly throughout the 

period of the experiment. 

file:///C:/Users/MUHAMMED/Downloads/garlic%20proper.htm%23180488_ja
file:///C:/Users/MUHAMMED/Downloads/garlic%20proper.htm%231520_bc
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Experimental design 

The twelve experimental animals were divided into three (3) treatments (1, 2 and 3), containing four animals 

per treatment. Treatment 1 was administered Albendazole orally at the rate of 5mg/kg body weight, while 

treatments 2 and 3 were drenched with reconstituted Garlic powder at the rate of 200mg/kg and 400mg/kgBW, 

respectively. 

 

Data Collection 

 

Faecal egg counts  

Faecal samples was collected weekly directly from the rectum of the experimental animals and analyzed using 

floatation technique (McMaster counting technique) as described by Zajac (2012).  

 

Statistical design and analysis 

All data obtained were subjected to descriptive statistics using graphs as contained in SPSS 2006. 

 

Results 
 

The proximate composition of Allium sativum (garlic) powder is presented in Table 1.  The garlic powder 

contained 13.03% moisture and 86.97% dry matter; 4.11% fat, 6.78% ash, 10.89% crude fibre, 18.97% crude 

protein and 59.26% carbohydrate. This result disagrees with Nwinuka et al., (2005) who reported lower values 

for moisture, fat and crude fibre content. The ash (6.40%) and crude protein (13.35%) from this author were 

comparable to the result of this present study. However, the carbohydrate content obtained by Nwinuka et al 

was higher than that obtained in this study. It also disagrees with the report of Okolo et al., (2012) who reported 

higher values moisture and lower fat, ash, crude fibre, crude protein and carbohydrate content.  

 

The parasite eggs identified and counted were; Monieza spp, Strongyle spp and Trichuris spp. The oocyst 

identified and counted was Eimeria spp. The effects of the Albendazole, 200 (mg/kgBW) and 400mg/kgBW 

Allium sativum administration on the egg count per gram of faeces (EPG) is presented in Figure 1. At the onset 

of the experiment, the experimental animals had between 500-1300 EPG of faeces (approximately 2.8-3.2 

e.p.g; 10log10). From the onset of the experiment to week one, the EPG of rams administered Albendazole at 

5mg/kgBW reduced from 2.80 (10log) to zero and remained at this level throughout the experimental period. 

However, the EPG of rams administered 200 mg/kgBW and 400 mg/kgBW garlic reduced from the onset of 

the experiment to  week one and afterwards increased and decreased intermittently, with no definite reduction 

in egg count throughout the experimental period. The effects of the tested ant-helminthes on the oocyst count 

per gram of faeces (OPG) are presented in Figure 2. The oocyst per gram of faeces at the onset of the 

experiment in sheep is between 3533 and 23000. (Approximately 3.7-4.3 10log10) The oocyst count of animals 

administered Albendazole, 200mg/kgBW and 400mg/kgBW garlic followed the same trend throughout the 

experiment. The OPG of the rams administered Albendazole and those administered 400 mg/kg garlic were 

lower than that of animals administered 200 mg/kg garlic at week one. From week one to week two, the OPG 

for all three treatments increased with the slope of those administered Albendazole slightly lower than those 

administered 200mg/kg and 400mg/kg garlic. From week two to week four, the OPG reduced with the slope 

of animals given Albendazole slightly lower than those of animals given 200mg/kg and 400mg/kg garlic. At 

week four, Albendazole and 200mg/kgBW and 400mg/kgBW garlic dropped to zero and remained at this level 

till the experimental period. 
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Discussion 

 

The results obtained for EPG shows that, administration of Albendazole reduced the EPG of the faeces in 

West African Dwarf sheep. The study reveals that, synthetic anti-helminth remain as effective in the control 

of gastro-intestinal parasite in West African Dwarf sheep in terms of the EPG of faeces than Allium sativum. 

This result is in agreement with the work of several authors who reported a lower egg count in the faeces of 

sheep treated with synthetic anti-helminth than those treated with garlic (Abells and Haik, 1999; Grade et al., 

2008; Mulumebet et al., 2009). However, this result disagrees with the report of Fadzirayi et al., (2010) who 

reported that the effect of Allium sativum and synthetic anthelmintics egg count in sheep is the same. Ayaz et 

al., (2008) opined that Allium sativum was more effective in controlling gastro-intestinal parasites in infected 

mice than synthetic anti-helminth. 

 

 For oocyst count, synthetic anti-helminthes and garlic extract followed similar trend for oocyst population, 

hence, both produced the same effect on oocyst count in sheep. This can be attributed to the fact that garlic 

may be useful as an alternative treatment of internal parasites of protozoa origin in animals (Ayaz et al., 2008). 

This result, however, disagrees with the result of Grade et al., (2008) who reported no that there was no 

difference in decline in oocyst in treatments with garlic and that with synthetic anti-helminths. 

 

In this study, administration of synthetic anti-helminth showed better than the drenched garlic. Similar trend 

was observed in oocyst count for both synthetic anti-helminth and garlic. Based on the above, it is concluded 

that, synthetic anti-helminth is more effective in controlling gastro-intestinal nematode than Allium sativum. 

However, Allium sativum is as effective as synthetic anti-helminth in combating protozoa diseases. 
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 Table 1: Proximate composition of Allium sativum  

Component  Composition (g/100g)  

Moisture  13.03 
Dry matter  86.97 
Fat 4.11 
Ash  6.78 
Crude fibre 10.89 
Crude protein 18.97 
Carbohydrate 59.26 

 

 

 

 

 

 

 

 

 

Figure 1: Line-graph showing egg count per gram of faeces  

 

 

Figure 2: Line-graph showing oocyst count per gram of faeces 
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Evaluation of different weed management practices in machine transplanted rice 

cultivation   
 

R.M.U.S.Bandara1,2,A.S.K. Abeysekara1, W.M.U.B. Wickrama1, H.M.M.K.K.H. Dissanayaka1,A.N. Siriwardana2,N.M.D.P. 
Nawarathna2 AND Y.M.S.H.I.U. De Silva1,3 

1 Rice Research and Development Institute, Batalagoda, Sri Lanka, 2Post Graduate Institute of Agriculture, 
University of Peradeniya,  Sri lanka, 3Post Graduate Institute of Science, University of Peradeniya, Sri lanka

 

The yield performance of lowland rice varieties depends on the method of crop establishment. However, yield 
of transplanted rice is generally believed to be higher than that of dry-seeded rice (Balasubramanian et al., 2003). 
Broadcasting is the most widely practiced establishment method by Sri Lankan paddy farmers. Though it is easier 
to be practised it has several disadvantages such high weed infestation, high insect pest infestation and lodging. 
Under the Yaya 11 program farmers were introduced machine transplantingby Department of Agriculture, Sri 
Lanka.Inter row spacing of the transplanting machine is a fixed value of 30cm. It allows a severe weed infestation 
in the field and finally resulting a huge yield loss. Thus, weed management is an essential practice in machine 
transplanting; too. Farmers are looking for a better weed management practice in machine transplanting. This 
study was conducted with the objective of finding out a better weed management practice in machine 
ǘǊŀƴǎǇƭŀƴǘƛƴƎΦ! ŦŀǊƳŜǊΩǎ ŦƛŜƭŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ŀǘ Manapaha in Kurunegala District in 
2015/2016 Maha Season in order to evaluate and show performances of different weed management practices 
in machine transplanted rice cultivation. The demonstration had 07 treatments (T1=Pretilachlor 
300g/l+Pyribenzoxim 20g/l followed by Weedering twice, T2= Pretilachlor 300g/l +Pyribenzoxim 20g/l, T3= 
Pretilachlor 300g/l EC, T4= Pretilachlor 300g/l EC followed by Weedering twice, T5=Weedering twice (at 2 WATP 
and 4WATP), T6=Hand-weeding and T7=No-weeding).All treatments ultimately gave a significantly higher yields 
than no-weeded control. It is clear that weed control is essential in machine transplanted rice cultivation. Only 
Weedering was also effective in managing weed population below the economic threshold in machine 
transplanted rice cultivation. Pretilachlor 300g/l EC was well performed among all herbicide treatments in 
machine transplanted rice cultivation.    

 

Effect of Potassium Fertilizer Split Applications Together With Straw on Optimum Potassium 
Level in Leaf and Stem of Rice in Low Country Intermediate Zone (LCIZ) 

 

E. Pavithira1, D.N. Sirisena2, H.M.S.K. Herath1 
1Department of Export Agriculture, Faculty of Animal Science and Export Agriculture, Uva Wellassa University, 

Badulla, Sri Lanka, 2Rice Research and Development Institute, Batalagoda, Sri Lanka 
 
Effect of long term application of K fertilizer together with rice straw on optimum K level in leaf and stem of rice 
plant was evaluated in a field experiment. Treatments were: (i) No K fertilizer (T1); (ii) rice straw only (T2); (iii) 
20 kg K2O haς1of K (at basal), 20 kg K2O haς1of K (at panicle initiation) with rice straw (T3); (iv) 20 kg K2O haς1of K 
(at basal) with rice straw (T4); (v) 20 kg K2O haς1of K (at panicle initiation) with rice straw (T5); (vi) 20 kg K2O haς
1of K (at basal), 20 kg K2O haς1of K (at panicle initiation) (T6). Rice straw was applied at the rate of 5 t haς1. Soil 
samples were analysed for exchangeable K and non-exchangeable K during the growing season and plant 
samples were analysed for K content in leaf and stem at maturity. At harvesting, total grain yield and number of 
panicles were recorded. Soil and plant K contents under T1 was significantly lower (p<0.05) throughout the 
cultivation period compared to all other treatments. All K fertilizer applied plots depicted higher K content in 
leaf and stem of rice plants, compared to the no K fertilizer treated plots, irrespective of straw application. The 
highest exchangeable K and non-exchangeable K contents were recorded in T3. When consider plant K uptake 
in relation to the non-exchangeable K there was a positive relationship irrespective of the type of treatment and 
the number of weeks after planting. According to these results it can be concluded that to maintain optimum K 
content (1.5 %) in leaf and stem of rice plant, it is needed to apply K fertilizer together with rice straw.  
 

Key words: Chemical fertilizer, panicle initiation, potassium, rice straw, rice yield 
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Potential immunological role of duplicated goose-type lysozymes from Sebastes schlegelii: 
Molecular, transcriptional and functional insights. 

 
Jehanathan Nilojan, S. D. N. K. Bathige, W. S. Thulasitha, Roopasingam Kugapreethan, Jehee Lee 

 

Department of Marine Life Sciences, School of Marine Biomedical Sciences, Jeju National University, Republic of Korea. 

 
Lysozymes act as bactericidal enzymes by catalyzing the cleavage of peptidoglycan layer of bacterial cell wall, 
causing bacterial cell lysis. Lysozymes of the animal kingdom have been classified into chicken, invertebrate and 
goose-type (LysG). In this study, two isoforms of LysG were identified from black rockfish transcriptome database 
and designated as RfLysG1and RfLysG2. The cDNA sequences of RfLysG1 and RfLysG2, were of 1514 bp and 900 
bp, respectively. Open reading frame (ORF) of RfLysG1 comprised of 567 bp encoding 188 amino acids with a 
molecular mass of 20.11 kDa, while ORF of RfGLys2 consisted of 600 bp encoding 199 amino acids of 22.19 kDa. 
Both sequences possessed a soluble lytic trans-glycosylase domain. Both lacked signal peptide. Transcriptional 
analysis of both genes shown constitutive expression with the highest level in blood under normal physiological 
conditions. Immune challenges: lipopolysaccharide (LPS), Streptococcus iniae and poly I:C injections significantly 
upregulated the expression of RfLysG1and RfLysG2 in blood and spleen tissues in a time-dependent manner. The 
level of induction was high in both tissues upon LPS than other stimuli. Turbidimetric assay exhibited that both 
Maltose-binding protein (MBP) tagged recombinant proteins were potentially active against several Gram- 
positive and -negative bacteria, where MBP was inactive. Optimum temperatures for the recombinant RfLysG1 
and RfLysG2 were 40 °C and 50 °C, respectively. Both were highly active at pH 3.0. Results from the present study 
suggest the vital immunological role of RfLysG1and RfLysG2. 
 
Keywords: Immunity, Lysozyme, Rockfish 
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An on-farm experimental was carried out in two different agro ecological areas with three different farmers from 
each of the agro ecological areas. The trial was aimed at evaluating the most nitrogen responsive NERICA rice 
variety on the yield and yield component of rice under grain legume/rice rotation in the upland and lowland agro 
ecology. Since it is the habits of farmers generally to  harvest their legume and export them from the fields and 
reluctant to grow sole mucuna, this study has shown that the incorporation of legume back into the soil with 30 
kg N can improve soil N in both the upland and rainfed lowland rice cultivation in the agroecologies of the moist 
savanna. The addition of 30 kg N ha-1 with individual contribution of the previously incorporated legume 
indicated that mucuna and dual cowpea contributed 0.6 and 0.3 Mg ha-1. Also in the lowland agro ecology the 
individual contribution of different legume incorporation revealed that, dual purpose soybean, mucuna and 
grain soybean contributed; 0.33, 0.30 and 0.30 Mg ha-1 respectively. 
 
Key words:Lowland rice, Upland rice, organic source, yield and yield component 
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Comparative Utilisation of Two Dietary Fibre Sources Supplemented with Direct-Fed Microbials 
in Growing Pigs 
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In an 84 days feeding trial, 24 growing pigs with an average initial weight of 12 ± 0.5 kg (± SE) were assigned to 
six dietary treatments (TRT) in a 2 × 3 factorial design. The factors were two (2) sources of dietary fibre (FS) 
namely palm kernel meal (PKC) and rice bran (RB) and three (3) Direct fed microbials (DFM) inclusions which 
were (1) without any additive (2) yeast based DFM and (3) multi-strain DFM. Pigs on TRT I was fed 30% rice bran 
and contained no DFM, while pigs on treatments II and III were fed the same diet in TRT I to which yeast and 
multi-strain DFM respectively, were supplemented. Similarly, pigs on TRT IV to VI were fed 30% PKC without 
DFM, with yeast and multi-strain DFM respectively. 
There was no significant effect of DFM on all the performance indices, but there was a significant effect of FS 
and a significant interaction of FS×DFM on final body weight, daily weight gain and daily feed intake. Pigs on PKC 
based diets had higher final body weight (41 vs. 35 kg/pig), daily weight gain (352 vs. 283 g/pig), daily feed intake 
(1.12 vs. 0.99 kg/pig) and lower feed conversion ratio (3.32 vs. 4.30) than pigs on RB based diets. Also, DFM had 
no significant effect on the digestibility of proximate constituents. It was concluded that, direct fed microbial 
enhanced the growth performance of growing pig fed high fibre diets.  
 
Keywords: direct fed microbials, rice bran, palm kernel cake, fibre sources 

 

 
Reproductive biology of vermiculated sail fin cat fish Pterygoplichthys disjunctivus in 

Kalaweva reservoir in Sri Lanka 
 

I.U.,Wickramaratne1, H.K. Wijenayake 2, D.S. Jayakody, 2 
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Introduction of Alien species into ecosystems has become a serious threat. These introductions can be accidental 
or intentional. For example Pterigoplichthys disjunctivus  had been accidentally introduced to Sri Lankan 
freshwaters possibly through ornamental fish trade. Pterigoplichthys disjunctivus which is native to South 
America has established populations in many water bodies in Sri Lanka including Kalaweva reservoir. Study of its 
reproductive biology is essential in controlling it. Live specimens of Pterygoplichthys disjunctivus obtained from 
commercial catch from January to October 2016, and total length measured to nearest 0.1cm and weighed to 
nearest 0.1g and dissected in situ in order to obtain the gonads which were preserved in 5% buffered formalin. 
A maturity scale was identified on the macroscopic characteristics of gonads for both male and females by 
examining transparency, overall color, vascularization, visibility of oocytes and size of gonads. Length weight 
relationships were determined for males and females (log W = 0.1800 + 1.692 log SL (females): log W = - 0.6540 
+ 2.298 log SL (males). The condition factor values for males and females for both reservoirs are significant (p < 
0.05). Mean condition factor values for females and males are 0.03320 ± 0.03277: 0.024274 ± 0.005552, 
respectively. Gonadosomatic (GSI) indices, total fecundity (TF) and relative fecundity (RF) were also studied. The 
minimum body size to reach sexual maturity was identified by plotting GSI against SL (16 cm for both sexes). 
Mean GSI for females and males are 3.891 ± 5.117 and 0.2357 ± 0.1696, respectively.  Mean RF and Mean 
Fecundity for females are 6.101 ± 2.785 and 1842 ± 810, respectively. Pterigoplichthys disjunctivus show 
extended reproductive period from April to October*.   Exploit this species during their spawning season may 
aid in controlling it. 
  
Key words: invasive, Pterigoplichthys disjunctivus, Reproductive biology, controlling 
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A Community perception on the threats for marine fishery industry in Southern province of 

Sri Lanka 
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1Department of Animal Science, Uvawellassa University, Badulla, Sri Lanka, 2 Department of Oceanography and Marine Geology, 
University of Ruhuna, Matara, Sri Lanka, 3 Marine Environmental Protection Authority, Ministry of Mahaweli Development and 

Environment, Sri Lanka 

 

Sri Lanka being an Island in the Indian Ocean, fishery has become one of the main occupations of people living 
around the entire 1 770 km of the countrȅΩǎ ŎƻŀǎǘƭƛƴŜΦ CƛǎƘŜǊȅ ƛƴŘǳǎǘǊȅ ƻŦ {Ǌƛ [ŀƴƪŀ ŎƻƴǘǊƛōǳǘŜǎ ŦƻǊ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ 
social and economic influence to the national economy. Even though marine fishery sector account for 1.6% of 
Gross Domestic Product (GDP) in 2014, growth rate of marine fishery contribution to the national GDP was 
ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ мрΦп҈ ƛƴ нллф ǘƻ уΦм҈ ƛƴ нлмпΦ¢Ƙƛǎ ǎǘǳŘȅ ǿŀǎ ŘŜǎƛƎƴŜŘ ǘƻ ǎǘǳŘȅ {ƻǳǘƘŜǊƴ ŦƛǎƘŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴ 
about threats for their livelihoods aiming improvements of existing management strategies and to propose new 
management options to uplift their livelihood through fisheries management. The Study was conducted through 
a pre designed, pre tested questionnaire. Thirty fishers from each Galle, Mirissa, Dondra, Gandara, Kudawella 
and Nilwellafishery harbors were interviewed. Feirdman test was used to compare significance difference in 
ranked threats for their livelihoods. According to the results of this study, there is a significant difference (p < 
0.05) observed between five threats. They are, European Union banning on yellow fin tuna fish export, price 
fluctuations, stock depletion, use of illegal fishing gears and illegal fishing by foreign vessels in Sri Lankan waters. 
According to Feirdman test, highest mean value (3.03) was calculated for stock depletion and considered as the 
Ƴŀƛƴ ǘƘǊŜŀǘ ŦƻǊ {ƻǳǘƘŜǊƴ ŦƛǎƘŜǊǎΩ ƭƛǾŜƭƛƘƻƻŘΦ tǊƻǇŜǊ ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳ ǘƻ ǇǊŜǾŜƴǘ ǳǎŜ ƻŦ ƛƭƭŜƎŀƭ ŦƛǎƘƛƴƎ ƎŜŀǊǎ ŀƴŘ 
to prevent illegal fishing by foreign fishing fleets, government intervention to control price fluctuations by 
maintaining a fixed price for fish products and to introduce proper loan and subsidiary system to acquire new 
fishing gears are suggested to manage existing threats for their livelihood. 
 

Key Words: Gross Domestic Product, Illegal fishing gears 
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based chicken products 
 

Kiran M*, Jagannatha Rao B, Vinayananda C O and Naveena B M1 

Department of Livestock Products Technology, Veterinary College, Bidar, Karnataka, India 
1 National Research Centre on Meat, Chengicherla, Hyderabad, India 

 

The demand for convenience chicken product is increasing throughout the world owing to changing lifestyle and  
demand for ready-to-eat products. The aim of this work was to study the effect of different cooking methods 
viz, moist cooking (nuggets), dry cooking (patties) and deep-fat frying (croquettes).  To allow the flourishing 
growth of fast food industries; chicken emulsion based products needs to be produced in higher quantity and to 
reduce cost, there is increasing interest in using of various meat additives. Hence, further study was carried to 
assess effect of differet type of binder used i.e rice (Oryza sativa) and ragi (Eleusine coracana) on sensory quality 
of emulsion-based chicken products. The pH was found to be higher in deep fat fried products. The cooking yield 
did not change with cooking method used.  The emulsion product prepared with deep fat frying (croquettes) 
maintained significantly higher (P<0.05)  sensory scores for all sensory attributes studied.  There was no 
significant (P>0.05) difference between emulsion based product prepared with different binders like rice and 
ragi. The results of current study indicate that ragi can be used effectively as replacement of rice in emulsion 
based products to enrich emulsion based products with Iron economically with health benefits among diabetics. 
Overall acceptability scores for all the products were more than 6.50 reflecting more than moderate acceptance 
of all products. 
 

Key words: Cooking, Deep fat frying, Health,  Ragi 
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Galectins from rock bream Oplegnathus fasciatus: Insights through molecular 

characterization, transcriptional profiles and recombinant proteins 
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University, Republic of Korea 

 
DŀƭŜŎǘƛƴǎ ŀǊŜ ʲ-galactoside binding lectins, play crucial roles in innate and adaptive immunity of both 
invertebrates and vertebrates. In the present study, full-length cDNA sequences of three different galectin family 
members were identified and characterized from rock bream Oplegnathus fasciatus cDNA library and designated 
as galectin-2 (OfGal-2), galectin-8 (OfGal-8) and galectin-9 like (OfGal-9 like). Among these, OfGal-2 possessed a 
single carbohydrate recognition domain (CRD) and OfGal-8 and OfGal-9 like possessed two CRDs and thus 
classified as proto- and tandem repeat-type respectively. Comparative homology screening, sequence 
similarities and phylogenetic analysis revealed that all the identified galectins from rock bream are evolutionary 
conserved galectin family members, shared structural similarities with their respective vertebrate groups. 
Transcriptional profile of all galectins in immune related tissues under different immune stimuli such as 
lipopolysaccharide (LPS), polyiosinic:polycytidylic acid (poly I:C), rock bream irido virus, Edwardsiella tarda, and 
Streptococcus iniae showed significant up-regulation in gene expression at different time points. Though the 
recombinant OfGal-2 and OfGal-8 showed agglutination with both Gram positive, negative pathogenic bacteria 
and a cliliate parasite; OfGal-9 like was specific to Gram negative bacteria and a ciliate parasite. Moreover, all 
the galectins showed binding with Gram positive, negative bacteria and a ciliate parasite in a protein and 
pathogen specific manner. Collectively, significant response to immune stimuli and recognition to wide range of 
microbial pathogens of the identified galectins indicate their significant role as pattern recognition receptors in 
rock bream during pathogen invasion.  
 
Key words: Rock bream, galectins, microbial agglutination, binding 
 

Varietal evaluation of Cherry tomato (Solanum lycopersicum Mill. var. cerasiforme) for 

optimization of planting date and pruning in protected conditions. 
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(State Agriculture University)  Mohanpur, Nadia, West Bengal, India 
 

The present experiment was carried out in the naturally ventilated arched saw teeth type polyhouse at Faculty 
of Horticulture, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia West Bengal, India during the year 2012 
ς 13, 2013 ς 14 and 2014 - 15.  The 1st experiment was under taken to study the performances of nine varieties 
( viz; BSS-834, Laila, Rosa, Sheeja, Nagmani, Nagmoti, Darjeeling local, Ken and Red cherry) .Variety Laila 
expressed best value for crop period (171.72 days) and was found second best performer. Variety BSS-834 was 
found to be the best variety with respect to yield and yield attributing characters. It produced the superior value 
of yield  4.20 kg/plant . Amongst the difŦŜǊŜƴǘ ǾŀǊƛŜǘƛŜǎ ƛƴǾŜǎǘƛƎŀǘŜŘ ƛƴ ǘƘŜ ŦƛǊǎǘ  ŜȄǇŜǊƛƳŜƴǘ ά.{{-уопέ ŀƴŘ 
ά[ŀƛƭŀέΣ ǿŜǊŜ ŦǳǊǘƘŜǊ ǎŜƭŜŎǘŜŘ ŦƻǊ ǎŜŎƻƴŘ ŜȄǇŜǊƛƳŜƴǘ ǘƻ ŦƛƴŘ ƻǳǘ ǘƘŜ ǎǳƛǘŀōƭŜ ǇƭŀƴǘƛƴƎ ŘŀǘŜǎό ǾƛȊ Τ нлth September, 
20th October and 19th November) along  with two types of pruning systems ( viz; single branch and double 
branch). It reveled from the experiment that the highest yield of (14.7 kg/ sq. m.) was recorded from September 
planted plants in variety BSS-834 with double branch pruning systems. So from the overall findings of 
investigŀǘƛƻƴ ƛǘ Ƴŀȅ ōŜ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǾŀǊƛŜǘȅ ά.{{-уопέ ǿŀǎ ŦƻǳƴŘ ƛŘŜŀƭ ǾŀǊƛŜǘȅ ǿƘŜƴ ǇƭŀƴǘŜŘ ƻƴ нлth 
September by adopting double leader system of pruning under protected conditions. 
 
Key words: Cherry tomato, protected, pruning  
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Investigating Information Gaps of the Safety of Fisherôs life, that Impact on the Economic 

Efficiency in Offshore Fishery in Sri Lanka 
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{ŀŦŜǘȅ ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ŦƛǎƘƛƴƎ ŦƭŜŜǘǎ Ƙŀǎ ŀ ƳŀƧƻǊ ǊƻƭŜ ǘƻ Ǉƭŀȅ ǿƛǘƘ ǎŀŦŜǘȅ ƻŦ ŦƛǎƘŜǊΩǎ ƭƛŦŜ ǿŀƛǘƛƴƎ ƛƴ ǘƘŜ offshore. 
{ǘŀōƛƭƛǘȅ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊǎ ƛƴ ŜǾŜǊȅ ŦƛǎƘƛƴƎ ǾŜǎǎŜƭΩǎ ƻǾŜǊŀƭƭ ǎŀŦŜǘȅΦ ¢ƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ǿŜǊŜ 
identified information gaps for the safety of fishers, to enhance the efficiency in terms of stability and life-saving 
equipment. Necessary data and information had been collected from questionnaire and 30 vessels (25%) of 
monthly mean landings of Negombo fishery harbor. Various aspects of the information have been analyzed to 
understand the status of the offshore fishery sector to find the appropriate solutions to meet the gaps. Major 
issues of fishers (97%) do not have adequate knowledge on appropriate information in the industry to apply 
them to get their maximum use. Fishers also have no attention on the stability of the vessel due to lack of 
knowledge and lack of the information and instructions given in the vessels by manufacturers. Hence, fleet 
development plays a significant role with respect to safety. Fleet development program is recommended to be 
initiated to use new information for safe of stability of fishing vessels. Lifebuoys and first-aid boxes have found 
in every boat and fire-ŜȄǘƛƴƎǳƛǎƘŜǊǎ ŀǊŜ ǊŜŎƻǊŘŜŘ ǾŜǊȅ ƻŦǘŜƴΣ ŦƛǎƘŜǊǎΩ ƭƛŦŜ ƛǎ ŀǘ Ǌƛǎƪ ŀƭƭ ǘƘŜ ǘƛƳŜΦ CƛǊǎǘƭȅΣ ƛǘ Ŏŀƴ 
minimize by conducting awareness among fishers on safety onboard to influence the mind-set of the fishing 
community. Secondly, it can be enhanced the knowledge and skills by facilitating the safety equipment with 
proper training. In parallel to that awareness of all the information may be included in web and make aware on 
how to access the information. "Nanasala" may be useful for this online information service. Certificate course 
for offshore fishers is recommended to develop their professional skills that will make them eligible for obtaining 
proposed fishing license. 
 
Key words: LƴŦƻǊƳŀǘƛƻƴ DŀǇǎΣ {ŀŦŜǘȅ ƻŦ CƛǎƘŜǊΩǎ ƭƛŦŜΣ hŦŦǎƘƻǊŜ CƛǎƘŜǊȅ 
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This article presents food security situation in three communities situated in the conservation areas in Southern 
Thailand. 377 face-to-face questionnaires were used to collect data from respondents by using stratified sampling 
from three districts in three provinces. Respondents were asked about food availability, food access, food 
utilisation, and food stability to measure their food security in current and past time situation. The results found 
ǘƘŀǘΤ ŦƛǊǎǘƭȅΣ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ŀǾŜǊŀƎŜ ƴŜŜŘŜŘ ƭŜǎǎ ŎŀƭƻǊƛŜǎ όмΣнтпΦул YƛƭƻŎŀƭƻǊƛŜǎκtŜǊǎƻƴκ5ŀȅύ ǘƘŀƴ ǘƘŜ ǎǘŀƴŘŀǊŘ 
of Thai people (1,850 Kilocalories/Person/Day). This may be because some the people in this areas had to wake 
up early to work that can be indicated by some of them had rice and fish in yellow curry as the main meal for 
breakfast (74.80%; 36.34%), lunch or brunch (72.94%; 33.69%), and heavy dinner (90.19%; 37.40%); however, 
few of respondents were had morning and afternoon breaks, as well as late meal as the fruits were the most 
preference (37.67%), these indices indicated to the result of food availability. Secondly, the respondents 
accessed food mostly by buying (60.85%) raw materials to cook food; in addition, male and female were no 
different in working for income from this study. Thirdly, female respondents were mainly responsible for cooking 
food, and they knew how to preserve food from the local resources. Lastly, respondents had knowledge to cope 
and adapt themselves for food insecurity situation. 
 
Keywords: Food Security, Conservation Area, Southern, Thailand 
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The effects of muscles and slaughter age on meat quality were investigated in Eastern Anatolian Red (EAR) bulls 
(n=46). Forty-six EAR bulls, reared on the same farm, fed with the same diet, and slaughter at 15, 17, 19, 25, and 
27 months were used. The animals were fattened in a tethered barn and fed individually. Bulls were fed a ration 
consisting of concentrate and dry alfalfa. The mean live weight at slaughter, 270.0±16.36 kg for 15 months age 
(n=9), 292.6±14.64 kg for 17 months (n=10), 338.5±13.36 kg for 19 months (n=11), 349.0±14.64 kg for 25 months 
(n=10), and 382.3±18.61 kg for 27 months (n=6). Carcasses were chilled and stored at 24h postmortem. Beef 
samples were taken from longissimus dorsi (LD) and gluteus medius (GM) muscles excised from the carcasses at 
24 h post-mortem. Meat color parameters were significantly affected by slaughter age. Older animals (19, 25 
and 27 months) had higher L*, a* and H values than younger animals (15 and 17 months). LD muscle had higher 
L* and a* values than GM muscles.  The influence of slaughter age and type of muscle on the proportions of dry 
matter, ether extractable lipid, ash and protein was not statistically significant. Tenderness, juiciness, 
acceptability, number of chews and WBS values were significantly affected by slaughter age. Tenderness, 
juiciness, flavor intensity and acceptability were increase until 19 months, and then increase in age resulted in 
lower tenderness, flavor intensity and acceptability scores. Cooking yield increased significantly with the 
increasing of age. WBS values and cooking yield from the LD was higher than the GM muscle. Increasing the 
slaughter age had no significant effect on textural characteristics (hardness, cohesiveness, springiness, 
gumminess, chewiness, resilience), but muscles had a significant influence on hardness, gumminess, chewiness 
and resilience. The result shows that most eating quality characteristics and color parameters were positively 
influenced by slaughter age. 
 
Keywords: Beef, meat quality, muscle, slaughtering age, Eastern Anatolian Red 
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Tropical tuber crops like cassava, yams, sweet potato and taro have been found to constitute an important part 
of the regular diet in many tropical and subtropical countries. The tubers are good source of vitamin B1, vitamin 
B6, ǾƛǘŀƳƛƴ /Σ ʲ-carotene, calcium, iron, potassium, sodium and dietary fiber. Being the rich source of starch, the 
tubers are used as staple food in many counties. Tubers are boiled, baked, fried or processed into various 
delicious dishes. Flour is widely used in bakery and confectionery in some countries. Orange-fleshed sweet 
ǇƻǘŀǘƻŜǎ ƘŀǾƛƴƎ ƘƛƎƘ ʲ-carotene, the pro-vitamin A can be included in the regular diet to tackle the problem of 
vitamin A deficiency in developing countries. Purple-fleshed sweet potato having high anthocyanin is also gaining 
importance as an antioxidant food. Tuber crops are well known to provide valuable nutritional elements and 
dietary energy, and play an important role in enhancing food security and eradicating poverty in many 
developing countries. These crops are now considered as new worldΩǎ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ŎǊƻǇǎΦ Lƴ ǎǇƛǘŜ ƻŦ ǘƘŜ ƎǊŜŀǘ 
potential of these crops to be an efficient and economic source of energy due to their high production of dry 
matter per unit area per unit time, postharvest handling of these crops is a challenge due to the uniform 
harvesting times and resulted market glut. The causes of postharvest losses are multiple, however, the most 
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significant losses are caused by physiological breakdown and microbial attack due to lack of appropriate storage 
facilities, inappropriate packaging and inadequate means of transportation. Significant losses also occur during 
processing due to limited number of factories to meet the demand, and small processing units using outdated 
technologies. Improved utilization of food, either as a food source or proper management of wastes contributes 
ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǊŜǎƻǳǊŎŜǎ ōȅ ŘŜŎǊŜŀǎƛƴƎ ƭƻǎǎŜǎΦ ¢ǳōŜǊǎ with high starch content can be 
recommended for preparation of value-added food products like alcohol, flour, snacks and noodles. Sustainable 
production from planting to harvesting, and strategies to minimize postharvest losses of tropical tuber crops 
ŀƭƻƴƎ ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ΨƳƛǎǎƛƴƎΩ ŦƻƻŘΦ Lƴ ǘƘƛǎ ǇŀǇŜǊΣ ŀƴ ŀǘǘŜƳǇǘ Ƙŀǎ ōŜŜƴ 
made to evaluate genetic resources for identifying superior types, sustainable production techniques and 
postharvest handling of different tropical tuber crops for enhanced food and nutrition security.       
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