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Review 
A Review on Fungal Fermented Cassava Pulp as a 

Cheap Alternative Feedstuff in Poultry Ration.  
 
Sugiharto S. 
 
J. World Poult. Res. 9(1):01-06, 2019; pii:S2322455X1900001-9 
 
ABSTRACT 
In order to reduce the production cost, cassava pulp has been 
incorporated in chicken diets as an energy source. However, the use of 
such agro-industrial by-product may be confined by its higher fibre and 
lower protein contents. Improving the nutritional characteristics 
(lowering fibre and increasing protein content) through fungal solid state fermentation may be conducted to increase the 
inclusion level of cassava pulp in chicken rations. Apart from an energy source, fungal fermented cassava pulp (FCP) may 
also exert a beneficial effect on intestinal health of chickens, although further studies are needed to explore the functional 
benefit of FCP on chicken health.  
Keywords: Chicken diet, Energy source, Fermented tapioca by-product, Fungal solid-state fermentation 
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Research Paper 
Haematological, Serum Biochemical and Histological 

Responses of Cockerels to Long Term Consumption 

of Telfairia occidentalis Leaves Extract.  
 
Onyekwereh TO, Adejumo DO, Afolabi KD, Nworgu FCh and 
Olubisi AO. 
 
J. World Poult. Res. 9(1):07-14, 2019; pii:S2322455X1900002-9 
 
ABSTRACT 
Haematological, serum biochemical and haematological histological 
responses were studied in cockerels undergoing a long-term 
supplementation with Telfairia occidentalis Leave Extract (TOLE). Haematological and serum biochemical parameters 

investigated included haemoblobin, white blood cells, red blood cells, lymphocytes, heterophils, monocytes, eosinophils, 
total protein, aspartate aminotransferase, aspartate amino transferase and triglyceride. Histological changes associated 
with Telfairia occidentalis leaves extract on the kidney, liver, spleen and testes were also examined. Result showed that 
birds on TOLE has higher values for most of the haematological parameters studied which were significantly (P < 0.05) 
higher than the control. Also the total protein, globulin and alanine aminotransferase were significant (P < 0.05) for birds 
on TOLE having higher values while for triglycerides birds on the control treatment had the higher values which was 
significant. There were no significant changes in the albumin and aspayrtate aminotransferase. Histological changes 
showed mild to severe congestion in the spleen and testes of birds that received 120 and 150mL TOLE/L of water that 
also showed reduced germinal epithelium height and sloughing of the germinal epithelium respectively. Long term 
supplementation of TOLE for cockerel production should not exceed 60mL of TOLE per liter of water as the administration 
in excess of this can bring about tissue breakdown and reduced fertility. Animals suffering from blood loss can benefit 
from the administration of fluted pumpkin leaves extract as the extract increased erythron production. 
Keywords: Cockerels, Haematology, Serum biochemistry, Organ histology, Telfairia occidentalis, leaf extract 
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ABSTRACT 
Poultry meat is very popular in Ireland because of low cholesterol level. 
Ireland is in the top position for the consumption of poultry meat in 
whole Europe. Ireland emits 3.3 kg CO2- equivalent per kg of poultry for 
the poultry meat production which is the lowest amount among all the 
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other European countries. To expand this sector with respect to environmental concern some issues need to be 
considered very carefully such as effective poultry feed production system, energy consumption in both poultry production 
and processing area, manure management system, wastewater and odour management systems. If these issues are not 
handled carefully, several types of harmful effect will occur in both living and environment cycle such as water borne 

diseases, global warming and ozone layer depletion. The objective of this report is to give an overview of the current 
situation of poultry production in Ireland, policies and legislation related to poultry production and to show the way to 
expand this sector in Ireland in line with current ecological concern. 
Keywords: Ecological and policy, Management of poultry-waste, Poultry and environment, Poultry production 
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Research Paper 
Effect of dietary inclusion of probiotics on growth 

and intestinal morphology of broiler chickens. 
 
Gulmez M, Gulmez N, Bingol S, Deprem T and Koral Tasci S. 
 
J. World Poult. Res. 9(1):24-31, 2019; pii:S2322455X1900004-9 
 
ABSTRACT 
Probiotics are currently under investing the most valuable substances 
alternative to antibiotic growth promoters in poultry breeding practice. 
This research was performed to evaluate the effect of supplementing 

broiler drinking water with probiotics (Pediococcus acidilactici and Bacillus subtilis) at a concentration of ≥108 CFU/ml 
during 42 days of feeding period on growth performance and gut health. A total of 144 one-day-old Ross 308 broiler 
chicks (mixed gender) with an average initial BW of 42.3 g were used. The chicks were allotted to pens with 12 birds per 
pen and six replications per treatment with food and water provided ad libitum. Feed intake of Probiotic group was 4134 
g, 338 g less than that of control group. Live weight of probiotic group was 2537 g and a 113 g more than that of control 
group. The feed conversion ratio of probiotic group was 1.61, 0.22 less than that of control group. The crypt depth of 
probiotic group (1110.46 ± 224.016 µm) was statistically deeper than that of control group (949.39 ± 114.166 µm) in 
ileum. Continuously use of probiotics in drinking water of commercial poultry flocks appears to be alternative to AGPs. The 
results of this study provide a greater understanding of the impact of long-life use of probiotics on broiler health and 
growth performances. 
Keywords: Broiler, Gut morphology, Growth performances, Probiotics 
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ABSTRACT 
 

In order to reduce the production cost, cassava pulp has been incorporated in chicken diets as an energy 

source. However, the use of such agro-industrial by-product may be confined by its higher fibre and 

lower protein contents. Improving the nutritional characteristics (lowering fibre and increasing protein 

content) through fungal solid state fermentation may be conducted to increase the inclusion level of 

cassava pulp in chicken rations. Apart from an energy source, fungal fermented cassava pulp (FCP) may 

also exert a beneficial effect on intestinal health of chickens, although further studies are needed to 

explore the functional benefit of FCP on chicken health.  

Keywords: Chicken diet, Energy source, Fermented tapioca by-product, Fungal solid-state fermentation 

  
 

INTRODUCTION 
 

Feed cost has been a major component in chicken 

production, representing about 70% of the total cost of 

production. Generally, chicken diets are composed of 

several feedstuffs, and that energy-rich feedstuffs such as 

maize constitute more than half of the diets. Owing to this 

fact, any increase in the price of maize can potentially 

increase the chicken production cost and consequently, 

reduce the profit margin of farmers. Nutritionists are now 

exploring for unconventional energy-rich feedstuffs that 

may be used to reduce the proportion of maize in chicken 

rations. Among the alternative feedstuffs, cassava pulp has 

frequently been incorporated in chicken rations as a source 

of energy. On the other hand, the incorporation of such 

agro-industrial by-product in chicken rations may be 

limited by the high and low contents of fibre and protein, 

respectively (Khempaka et al., 2009). Fungal solid state 

fermentation could be one of the methods to improve the 

nutritional qualities and thus increase the inclusion level of 

cassava pulp in chicken rations (Khempaka et al., 2014; 

Sugiharto et al., 2017a). This present mini review 

elaborates the potential of fungal Fermented Cassava Pulp 

(FCP) as an energy-rich alternative feed ingredient for 

chickens.       

 

Cassava pulp as an energy-rich alternative 

feedstuff for chickens 

As a response to the increased price of maize, 

nutritionists are currently searching some cheap energy-

rich alternative to partially replace the use of maize in 

chicken diets. As a by-product of tapioca industry, cassava 

pulp is quite cheap and abundantly available throughout 

the year, particularly in tropical countries. Cassava pulp 

contains true metabolizable energy (TME) of about 2,484 

kcal/kg energy, therefore, it may be potential as an energy 

source in chicken rations (Khempaka et al., 2009). On the 

other hand, it should be noticed that the nutritional 

qualities of cassava pulp may vary depending on the 

varieties of cassava, manufacturing process to produce 

tapioca, the process of drying and contamination (with 

fibre, sand and soil) (Chauynarong et al., 2015).  

Dried cassava pulp has been incorporated as an 

energy source both in broiler and laying hen diets (Table 

1). Nevertheless, its maximum inclusion level differs in 

broiler and laying hen diets. Dried cassava pulp may be 

incorporated at higher levels in laying hen (15-20%) as 

compared to that in broiler diets (Maximum 11%). Similar 

with this case, King and Zeidler (2004) documented that 

http://www.science-line.com/index/
http://creativecommons.org/licenses/by-nc/4.0/
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dried tomato pomace (contains 31% fibre) may be 

incorporated at 15% in laying hen diets, while such 

pomace may only be included in broiler rations at the 

maximum of 5%. The better capability of laying hens in 

degrading fibre than of broilers seems to be the reason for 

the higher fibre digestibility (and thus intake of fibre-rich 

feedstuffs) in laying hens. Moreover, laying hens seem to 

have lower energy requirement compared to broiler 

chickens. This makes laying hens more tolerant to cassava 

pulp (Diarra and Devi, 2015). Within each broiler and 

laying hens, the variations in the optimal dietary levels of 

cassava pulp also existed. In such case, several factors 

may determine the variation, including the nature (e.g., 

nutritional composition) of cassava pulp, dietary 

composition, energy to protein ratio of rations, strains of 

chickens and other experimental conditions.  

Aside from the high energy content, cassava pulp 

generally contains high and low contents of fibre (13.6%) 

and protein (1.98%), respectively (Khempaka et al., 2009). 

According to Morgan and Choct (2016), most of the fibre 

in cassava pulp is counted as insoluble fibre. The latter 

properties may, therefore, limit the use of cassava pulp in 

poultry rations, as poultry has a very limited capacity in 

degrading the insoluble fibre. High fibre fraction in 

cassava pulp may also increase the bulkiness of the diet 

and therefore limit the capacity of the digestive tract of 

chickens. This condition may eventually reduce 

palatability and feed intake in chickens (Khempaka et al., 

2009). To elevate the dietary inclusion level of cassava 

pulp, supplementation of enzymes have been conducted. 

Khempaka et al. (2018) have recently supplemented dried 

cassava pulp with mixed enzymes containing cellulase, 

glucanase and xylanase in laying hens. Such enzyme 

supplementation could increase the inclusion level of dried 

cassava pulp from 20% (Khempaka et al., 2016) to 30% 

(Khempaka et al., 2018) in laying hen diets. The activity 

of enzymes in degrading the fibre fraction of cassava pulp 

may increase the digestibility of such feed ingredient and 

thus increase the feed intake of chickens (Khempaka et al., 

2018).  

 

Table 1. The use of dried cassava pulp in chicken diets 

References Findings and recommendations 

Khempaka et al. (2009) 
Dried cassava pulp should be limited to 8% or less, as higher inclusion level may compromise the growth 

performance of broiler chickens. 

Kumsri et al. (2009) Dietary inclusion of 10% dried cassava pulp reduced weight gain of broiler chickens. 

Ali-Mursyid et al. (2010) 
Dried cassava pulp may be incorporated in broiler rations at a maximum of 11%, higher inclusion level 

may be detrimental for the growth of broilers.   

Tang et al. (2012) Feeding dried cassava pulp at a level of 25% resulted in poor growth performance in broiler chickens. 

Triprugsachart et al. (2007) 
Feeding dried cassava pulp up to 15% represented no detrimental impact on egg production of laying 

hens. 

Chauynarong et al. (2010) 
Dietary incorporation of dried cassava pulp up to 15% had no deleterious effect on egg production of 

laying hens.  

Khempaka et al. (2016) 
Dried cassava pulp can be included up to 20% in laying hen rations with no negative impact on productive 

performance, nutrient digestibility, and egg quality.  

Khempaka et al. (2018) 

Dried cassava pulp supplemented with mixed enzymes (cellulase, glucanase and xylanase) may be 

included in laying hen feeds up to 30% with no detrimental effects on nutrient digestibility, productive 

performance and egg quality.  

 

Fungal fermentation to improve the nutritional 

characteristics of cassava pulp 

Fermentation is a simple process using 

microorganisms to break down the complex substrates into 

simpler components (Sugiharto and Ranjitkar, 2019). 

Eventually, the degraded compounds maybe utilized 

maximally by the chickens. Depending on the 

microorganisms involved, supplements added, duration of 

the fermentation process and other fermentation 

conditions, there is a slight variation in the improvement 

of the nutritional quality of cassava pulp particularly with 

regard to protein and fibre contents. It appears from the 

documented studies that fungi (Filamentous fungi and 

yeast) are the most common microorganisms employed to 

ferment cassava pulp. The definite reason for such 

preference is not specifically known. There are several 

traits belong to fungi that may be exploited to improve the 

nutritional properties of cassava pulp, one of which is its 

fibrinolytic activity. A study by Mustafa et al. (2016) 

noticed that treatment with fungi was capable of degrading 
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the insoluble fibre (lignin and hemicellulose) resulting in 

reduced fibre content of the substrates. Such fibre 

degradation may be facilitated by the activity of 

extracellular cellulases produced by the fungi (Bhardwaj et 

al., 2017). The cellulolytic activity of the fungi may also 

transform the cellulosic compounds into protein, and 

therefore increase the protein content of materials. In such 

case, the conversion of fibre into protein-rich fungal 

biomass may be responsible for the increased protein 

content of the fungal fermented products (Asadollahzadeh 

et al., 2018). In addition, Bayitse et al. (2015) suggested 

that simple sugars may also be metabolized to protein 

resulting in an increase in protein content of the fermented 

products. Apart from the improved fibre and protein 

contents, fermentation has been known to result in the 

reduction of Hydrogen Cyanide (HCN) (Diarra and Devi, 

2010).  

To increase the protein content of FCP, 

supplementation using urea during fermentation has 

commonly been conducted (Table 2). During the 

fermentation process, urea may be used as a nitrogen 

source for the fungal growth (Bayitse et al., 2015). Such 

an increase in fungal biomass may thereby increase the 

protein content of the fungal fermented products. In most 

cases, fungal fermentation of cassava pulp has been 

carried out according to the solid-state fermentation 

method. This fermentation method is characterized by the 

low content of moisture in the substrates (Sugiharto and 

Rajitkar, 2019). Indeed, there is no specific reason on why 

solid state fermentation is more attracted to be employed 

in the fungal fermentation of cassava pulp. Yet, 

Gowthaman et al. (2001) suggested that solid-state 

fermentation may better support the fungi to grow on 

complex natural solid substrates without substantial 

pretreatment.  

 

Table 2. Nutritional characteristics of fungal fermented cassava pulp 

References  
Microorganisms 

involved in fermentation  

Supplement in 

fermentation  
Characteristics of fermented cassava pulp 

Lubis et al. (2007) Aspergillus niger None 
Crude protein content increased from 2.21 to 3.58% and 

crude fibre increased from 11.2 to 17.0% 

Thongkratok et al. (2010) Aspergillus oryzae Urea 
Protein and amino acid contents increased by 17.4 and 

15.1%, respectively 

Animashahun et al. (2013) Penicillium spp. None 

Crude protein increased from 2.39 to 3.25% and crude 

fibre decreased from 11.4 to 9.63% after 7 days of 

fermentation 

Khempaka et al. (2014) A. oryzae Urea 
Crude protein increased from 2.02% to 11.8%, whereas 

crude fibre decreased from 14.6% to 10.6% 

Bayitse et al. (2015) 

Trichoderma 

pseudokoningii (ATCC 

26801) 

Urea and 

ammonium 

sulphate 

Protein content increased by 48.1% and 36.9% with 

supplementation of urea and ammonium sulphate, 

respectively  

Sugiharto et al. (2015) Acremonium charticola None 

Crude fibre decreased from 18.4% to 16.9%, while crude 

protein did not significantly change (compared to 

unfermented cassava pulp) 

Sugiharto et al. (2015) Rhizopus oryzae None 

Crude fibre decreased from 18.4% to 17.6%, while crude 

protein did not significantly change (compared to 

unfermented cassava pulp) 

Sugiharto et al. (2016) A. charticola Urea 
Crude protein increased from 2.14% to 11.3%, while crude 

fibre decreased from 25.6% to 20.8% 

Sugiharto et al. (2016) R. oryzae Urea 
Crude protein increased from 2.14% to 12.8%, while crude 

fibre decreased from 25.6% to 22.7% 

Sengxayalth and Preston 

(2017) 
Saccharomyces cerevisiae 

Urea and di-

ammonium 

phosphate 

Crude protein increased from 9.5 to 18.4% and true protein 

increased from 2 to 12% dry matter  

Okrathok et al. (2018) A. oryzae  Urea 

Crude protein increased from 1.98% to 13.3%, true protein 

increased from 0.98% to 12.4% and crude fibre decreased 

from 13.6% to 10.7% 

Yafetto (2018) A. niger 
Ammonium 

nitrate 
Crude protein increased by 22.61% 

 

The use of fungal FCP in chicken diets 

Fungal fermentation has been attributed to the 

improved nutritional qualities of cassava pulp. As a 

consequence, fermentation can increase the inclusion 

levels of cassava pulp in chicken rations. As shown in 

Table 3, FCP may be included in broiler and laying hen 

rations greater than that of unfermented cassava pulp. 

However, the levels of FCP inclusion may vary from study 
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to studies depending on the nutritional qualities of FCP, 

dietary composition and other experimental conditions. In 

most cases, there is a positive correlation between nutrient 

digestibility and feed intake in chickens (Sundu et al., 

2006). In light with this, the improved nutritional qualities 

in FCP (especially the reduced fibre content) may be 

attributed to the reduced bulkiness and increased 

digestibility and thereby increased feed intake in chickens 

(Khempaka et al., 2014). Fermentation has been suggested 

to improve the palatability of products (Supriyati et al., 

2015). In this respect, better palatability of FCP may be 

one of the reasons for the increased FCP intake in 

chickens when compared with the intake of unfermented 

cassava pulp. The toxicology of liver due to urea 

supplementation (during fermentation process) and the 

presence of toxic compounds such as HCN in cassava pulp 

may be a crucial point of consideration when using FCP as 

a dietary ingredient for chickens. In conjunction with 

Khempaka et al. (2014), we assessed the activities of 

aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) as indicators of liver health and 

found no change in the activities of these enzymes when 

feeding FCP as compared to control (Sugiharto et al., 

2017b). The bioconversion of urea to fungal biomass 

protein (Bayitse et al., 2015) and the destruction of HCN 

during the fermentation process (Diarra and Devi, 2010) 

may implicate in safe inclusion of FCP in chicken diets.    

 

Table 3. The levels of FCP inclusion in chicken rations 

References Recommended levels of FCP inclusion 

Lubis et al. (2007) 
A. niger-FCP-urea-zeolite may be used in diets up to 15% without negative impacts on growth 

performance and health of broilers. 

Ali-Mursyid et al. (2010) 
FCP could be included in diets up to 16.5% without detrimental effects on growth performance and 

nutrient digestibility of broiler chicks. 

Khempaka et al. (2014) 
A. oryzae-FCP can be included up to 16% in the rations with no deleterious effects on nutrient 

digestibility and retention, final body weight, carcass traits and biochemical parameters. 

Sugiharto et al. (2017a) 
A. charticola-FCP can be included up to 16% with no adverse effects on final body weight, 

digestibility and carcass characteristics of broiler chickens 

Okrathok et al. (2018) 
A. oryzae-FCP was safe to be included up to 24% in diets without deleterious effects on nutrient 

digestibility, egg production and quality and physiological conditions of laying hens 

 
Functional properties of FCP as a dietary 

component in chicken diets  

Fermented products have been attributed to 

functional properties such as higher lactic acid bacteria 

(LAB) and organic acids contents. These properties make 

FCP beneficial for the health of the gastrointestinal tract of 

chickens (Sugiharto and Ranjitkar, 2019). Regarding to the 

effect of FCP on chicken health, the published data are 

still scarce. A recent study by our research group revealed 

that A. charticola-FCP decreased coliform bacteria count 

in the ileum and increased butyric and propionic acid 

concentrations in cecal contents of broiler chickens 

(Sugiharto et al., 2017a). The capacity of LAB and organic 

acids in controlling the proliferation of potentially 

pathogenic bacteria such as coliform may be responsible 

for the reduced population of such pathogenic bacteria in 

the intestine of chickens fed FCP. To increase the 

functionality of fermented products, fermentation using 

probiotic microorganisms (as starter inoculum) has been 

conducted (Sugiharto and Ranjitkar, 2019). In this respect, 

fermented products may not only have improved 

nutritional qualities, but also contain higher numbers of 

probiotic microorganisms. Due to the limited data, the 

study on the functional effect of FCP on chickens needs to 

be extensively conducted.      

 

CONCLUSION 

 

Solid-state fermentation using fungi can be a simple 

method to improve the nutritional qualities of cassava pulp 

and thus increase the inclusion level of such cheap agro-

industrial by-product in chicken rations. Further studies 

are needed to explore the functional benefit of FCP on 

chicken health.         
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ABSTRACT 
 

Haematological, serum biochemical and haematological histological responses were studied in cockerels undergoing 

a long-term supplementation with Telfairia occidentalis Leave Extract (TOLE). Haematological and serum 

biochemical parameters investigated included haemoblobin, white blood cells, red blood cells, lymphocytes, 

heterophils, monocytes, eosinophils, total protein, aspartate aminotransferase, aspartate amino transferase and 

triglyceride. Histological changes associated with Telfairia occidentalis leaves extract on the kidney, liver, spleen and 

testes were also examined. Result showed that birds on TOLE has higher values for most of the haematological 

parameters studied which were significantly (P<0.05) higher than the control. Also the total protein, globulin and 

alanine aminotransferase were significant (P<0.05) for birds on TOLE having higher values while for triglycerides 

birds on the control treatment had the higher values which was significant. There were no significant changes in the 

albumin and aspayrtate aminotransferase. Histological changes showed mild to severe congestion in the spleen and 

testes of birds that received 120 and 150mL TOLE/L of water that also showed reduced germinal epithelium height 

and sloughing of the germinal epithelium respectively. Long term supplementation of TOLE for cockerel production 

should not exceed 60mL of TOLE per liter of water as the administration in excess of this can bring about tissue 

breakdown and reduced fertility. Animals suffering from blood loss can benefit from the administration of fluted 

pumpkin leaves extract as the extract increased erythron production. 
 

Key wordS: Cockerels, Haematology, Serum biochemistry, Organ histology, Telfairia occidentalis, leaf extract 
  

 

INTRODUCTION 
 

Nigeria has rich genetic resources of cultivated semi wide 

and wild species of crops being used as traditional 

vegetables and different types are consumed by the 

various ethnic groups for different reasons (Fasuyi, 2006).  

Nigeria has a wide range of savannah, tropical rain 

forest to coastal swampy vegetation where different 

permanent and arable crops are grown. Different fruits, 

vegetables and spices are also grown, that vary across 

localities as they are favorite delicacies and sources of 

vitamins, minerals and medicine (Fasuyi, 2006) in their 

diets. Telferia occidentalis is one of these vegetables that 

is commonly grown and eaten from the coastal area to 

other parts of the country (Imosemi, 2018). Regular 

consumption of these plant foods are associated with 

numerous health benefits rooted in their various 

physiological and nutritional constituents (Imosemi, 2018; 

Jimoh, 2018; Hunter and Fletcher, 2002). Plant leaf meal 

can offer a good alternative to synthetic drugs because 

they are cheap, readily available, safe, economical and 

biodegradable (Nneka, 2006). Telfairia occidentalis 

(fluted pumpkin) is a tropical vine grown in West Africa 

and highly reputed in traditional medicine (Badifu et al., 

1995; Badifu et al., 1995). Telfairia occidentalis contains 

nutrients such as protein, carbohydrate, vitamins minerals 

and fibre (Fasuyi, 2006). It also contains oxalate, saponins, 

glycosides, flavonoids alkaloids and resins (Imosemi, 

2018; Jimoh, 2018; Akubue et al., 1980). The nutritional 

content of T. occidentalis makes it desirable as dietary 

http://www.science-line.com/index/
http://creativecommons.org/licenses/by-nc/4.0/
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supplements for humans. The diet preparation of air dried 

leaves of the plant significantly increased red blood cells 

counts, white blood cells packed cell volume and 

haemoblobin concentration in rats (Alada, 2000) while the 

dietary preparation made with sun dried leaves had no 

significant effect on haematological parameters in broilers 

(Fasuyi and Nonyerem, 2007), indicating that the potency 

of the plant depends on the method of preparation of the 

plant for consumption. Adaramoye et al. (2007) reported 

that T. occidentalis leaves have hypolipidemic effect and 

may be a useful therapy in hypercholesterolemia. It was 

found out that aqueous and ethanol extract of T. 

occidentalis could salvage and prevent free radical 

production and at the same time have antimicrobial 

properties (Oboh et al., 2010). In spite of the widespread 

use of T. occidentalis, there are scanty information on its 

various biological effects on cockerels. This study 

investigated haematological parameters, serum 

biochemical indices and histological changes of some 

organs associated with long term administration of T. 

occidentalis Leaves Extract (TOLE) on cockerels. 

 

MATERIALS AND METHODS 

 

Preparation of Telfairia occidentalis leaves extract 

A kilogram of freshly cut TOLE with leaf stalks were 

washed, drained, chopped and pounded in mortar and 

pestle. This was then squeezed and filtered with cheese 

cloth to obtain a homogenous extract of the T. occidentalis 

leaf extract (Nworgu et al., 2007). The extract was 

prepared at four days’ interval and served to the birds 

fresh according to the treatments. 

 

Experimental animals and management 

A total of one hundred and sixty-two (162) Nera 

black cockerel chicks were weighed and randomly allotted 

to six dietary treatments that contains 30, 60, 90, 120 and 

150mL TOLE per one liter of water (Nworgu et al., 2007) 

for B, C, D, E and F respectively. Treatment A served as 

the control with no extract. Each treatment was replicated 

three times with nine birds per replicate in a completely 

randomized design. The experiment lasted for 24 weeks. 

The birds were fed the same diets for the first eight weeks 

and later grower diet was given to the birds till the end of 

the experiment. The TOLE supplement was served at four 

days interval throughout the period of the experiment 

according to the treatment per liter of water and later clean 

water was served. Feed and water were served ad-libitum. 

Both the feed intake and weight gain were monitored. 

Other management practices such as routine vaccination, 

drug administration and maintenance of cleanliness within 

and outside the poultry houses were observed. 

 

Collection of blood samples 

Blood samples were collected at 24th week of the 

experiment. Six birds per treatment were randomly 

selected and bled via wing veins, for haemoglobin and 

serum biochemical analysis Serum was obtained by 

centrifugation and the serum samples were stored in deep 

freezers at minus 10
0
c until analyzed. 

 

Heamatological analysis 

The Packed Cell Volume (PCV), Red Blood Cell 

(RBC), White Blood Cell (WBC) and Haemoglobin (Hb) 

concentration were determined using the Wintrobe 

Microhematocrit, Improved Neubauer haemocytometer 

and Cyanmethemoglobin methods, respectively (Coles, 

1986). Mean Corpuscular Haemoglobin (MCH), Mean 

Corpuscular Volume (MCV) and Mean Corpuscular 

Haemoglobin Concentration (MCHC) levels were 

computed using the formula described by Jain (1986). 

MCH = Haemoglobin    × 10 

    RBC 

MCV = PCV   ×  10 

      RBC 

MCHC = Haemoglobin   ×  100 

  PCV 
 

Serum biochemical analysis 

The serum biochemical assays were carried out using 

the standard chemical procedures. Total serum protein by 

Goldberg refractometer (Kohn and Allen, 1995), albumen 

by Bromocresol Green (BCG) method (Peters et al., 1982) 

while globulin was calculated according to Coles (1986). 

Alanine Aminotransferase (ALT), Aspartate 

Aminotransferase (AST) and triglyceride were determined 

using Randox test kits (Randox Laboratiries Crumlin, 

County Antrim, United Kingdom). 

 

Histological studies 

Histological studies of the organs and tissues were 

done according to procedures described by Disbrey and 

Rack (1970) and Drury and Wallington (1967). The 

kidneys, liver, spleen and testes of the cockerel were 

removed from the surrounding tissues. They were fixed in 

10% formal saline, and after 72 hours the organs were 

dehydrated in graded alcohol (20, 30, 50, 70 and 95%) for 

five minutes, cleared in xylene and embedded in paraffin. 

The resulting blocks were completely sectioned and 

randomized. The selected sections were stained in 

haemotoxylin and eosin and the slides were examined at 

magnification of x400 under light or optical microscope.   
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Ethical approval  

The study was conducted after approval of ethic and 

research committee of the Department of Animal Science, 

University of Ibadan, Ibadan, Nigeria. 

 

Data analysis 

The mean values obtained for the determination of 

various indices in respect of the six treatments were 

subjected to one-way analysis of variance (SAS, 2003). 

Treatment means were also separated by Duncan option of 

the software at p = 0.05 (5% significant level). 

 

RESULTS 
 

Data on the effects of TOLE on haematological 

parameters and serum biochemical constituents of cocks 

are presented in tables 2 and 3 respectively. The RBC, 

lymphocytes, heterophils, albumin, and AST values were 

similar (P>0.05) among the various treatment groups, 

while the PVC, Hb, WBC, MCV, MCH, MCHC, 

monocytes and Eosinophils were statistically different 

(P<0.05) across the treatments. Except for albumin and 

AST, all other serum parameters investigated were 

significantly (P<0.05) affected by the administration of the 

TOLE. For histopathological examination, there were 

lesion/necrosis in the liver and kidney of cocks on TOLE 

treatments while the spleen and testes did not show any 

visible lesion in all the treatments. However, for birds 

served 120mL and 150mL TOLE/L of water there were 

reduced germinal epithelia heights and sloughing of the 

germinal epithelia respectively (Table 4). 

 

 

Table 2. Haematological response of Nera black cockerels served Telfairia occidentalis leaves extract at 4 weeks interval for 

24 weeks  

Treatments 

Level of TOLE 

A 

0 ml 

B 

30 ml/l 

C 

60 ml/l 

D 

90 ml/l 

E  

120 ml/l 

F  

150 ml/l 
SEM 

PCV (%) 35.20d 37.22ab 38.39a 35.53dc 36.58bcd 37.11abc 0.14 

RBC (× 106/mm3) 2.72 2.71 2.70 2.68 2.73 2.53 0.01 

Hb (g/dL) 11.73c 12.41bc 12.79a 11.84bc 12.28abc 12.63a 0.05 

WBC (×106/mm3) 13.24ab 12.45bc 13.34ab 13.92a 12.16c 13.55a 0.06 

MCV (µ3) 131.32b 137.38ab 142.48a 132.60b 134.02b 135.10b 0.05 

MCH (µµg) 42.87b 45.78ab 48.50a 44.25b 44.99ab 45.03ab 0.31 

MCHC (%) 33.33a 33.19ab 32.97b 33.33a 33.33a 33.33a 0.21 

Lymphocytes (%) 65.50 60.55 63.19 65.43 64.83 67.80 0.89 

Heterophils (%) 29.00 35.36 30.36 28.33 29.52 31.33 0.87 

Monocytes (%) 2.66abc 2.86abc 2.14c 3.88a 3.51ab 2.28bc 0.10 

Eosinophils (%) 4.83a 2.55b 3.25ab 3.25ab 2.22b 2.22b 0.01 
abcd Means in the same row with different superscript are significantly (P<0.05) different. PCV =packed cell volume, RBC=red blood cell, Hb= haemoglobin, 

WBC= white blood cell, MCV= mean cell volume, MCH=mean cell haemoglobin, MCHC= mean cell haemaglobin concentration, SEM=standard error of 

means 

 
Table 3. Serum biochemical response of Nera black cockerels served Telfairia occidentalis leaves extract at 4 weeks interval 

for 24 weeks  

Treatments/ 

Level of TOLE 

A 

0 ml/l 

B 

30 ml/l 

C 

60 ml/l 

D 

90 ml/l 

E 

120 ml/l 

F 

150 ml/l 
SEM 

Total protein (g/dL) 3.88b 4.24ab 4.84ab 4.97a 4.98a 4.26 0.08 

Albumen (g/dL) 2.14 2.18 2.37 2.30 2.08 2.04 0.03 

Globulin (g/dL) 1.61b 2.06ab 2.48ab 2.67a 2.91a 2.08ab 0.07 

Albumin/globulin ratio 1.44a 1.01b 0.98b 0.93b 0.75b 1.02b 0.02 

Aspartate amino transferase (IU/L) 91.60 102.40 101.86 97.28 94.86 96.10 1.28 

Alanine amino transferase (IU/L) 7.96bc 7.74c 8.41ab 8.00abc 7.84bc 8.06a 0.05 

Triglyceride (mg/dL) 202.84a 163.57b 160.52b 149.42b 158.62b 154.92b 1.54 

abcMeans in the same row with different superscript are significantly (P<0.05) different. SEM=Standard error of means 
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Table 4. Histopathological effects of Telfairia occidentalis leaves extract served at 4 weeks interval for 24 weeks to Nera 

black cockerels on internal organs  
          Treatments 

 

Organs 

A 

0 TOLE  

(mL/L) 

B 

30 TOLE 

(mL/L) 

C 

60 TOLE  

(mL/L) 

D 

90 TOLE   

(mL/L) 

E 

120 TOLE  (mL/L) 

F 

150 TOLE  (mL/L) 

Kidney 
No visible 

lesion 

Wide spread 

coagulative 

necrosis of renal 
tubules 

Severe 

generalized 

interstitial 
congestion. 

Mild moderate loss 
and sloughing of renal 

tubular epithelium 

Severe generalized 

interstitial congestion 

Widespread 
coagulative necrosis 

of the renal tubules 

Liver 
No visible 

lesion 
Portal congestion 

Severe central 

venous 

congestion 

Severe portal 
congestion with 

periportal cellular 

infiltration by mono-
nucleus cell 

Severe portal 
congestion with 

periportal cellular 

infiltration by mono-
nucleus cell 

Severe portal 
congestion with 

periportal cellular 

infiltration by mono-
nucleus cell 

Spleen 
No visible 

lesion 
No visible lesion No visible lesion No visible lesion No visible lesion No visible lesion 

Testes 
No visible 

lesion 
No visible lesion No visible lesion No visible lesion 

No visible lesion. 

Germinal epithelium 

height reduced 

No visible lesion 

marked sloughing of 

the germinal 

epithelium 

TOLE = Telfairia occidentalis Leaves Extract. 

 

 
Figure 1. Micrographs of the kidneys of Nera black cocks served fluted pumpkin leaf extract at 4 weeks interval for 24 weeks  

A= 0mL/ TOLE/L (no visible lesions seen). B= 30mL/ TOLE/L (wide spread coagulative necrosis of the renal tubules (arrow); C= 60mL// 

TOLE/L (severe generalized interstitial  congestion), D = 90mL/ TOLE/L (mild to moderate loss and sloughing of renal tubular epithelium), E= 120mL/ 

TOLE/L (severe generalized interstitial congestion), F= 150mL/ TOLE/L (widespread necrosis of the renal tubules. (mg× 400) 

 

 
Figure 2. Micrographs of the liver of Nera black cocks served fluted pumpkin leaf extract at 4 week interval for 24 weeks. 

TOLE = Telfairia occidentalis Leaves Extract. A: 0mL/L (No visible lesions seen), B: 30mL TOLE/L (Portal congestion (arrows), C: 60mL 

TOLE/L (Severe central venous congestion), D: 90mL TOLE/L (Severe portal congestion with periportal cellular infiltration by mono-nuclear cells), E: 

120mL TOLE/L (Severe portal congestion with periportal cellular infiltration by mono-nuclear cells). F: 150mL TOLE/L (Severe portal congestion with 
periportal cellular infiltration by mono-nuclear cells) (Mg× 400). 
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Figure 3. Micrographs of the spleen of Nera black cocks served fluted pumpkin leaf extract at 4 week interval for 24 weeks  

A to F: No visible lesions seen, (Mg×400). TOLE = Telfairia occidentalis Leaves Extract. A= (0ml  TOLE/L), B= (30mL TOLE/L), C= (60mL 

TOLE/L), D= (90mL TOLE/L), E= (120mL TOLE/L), F= (150 TOLE/L) 

 

 

 
Figure 4. Micrographs of the testes of Nera black cocks served fluted pumpkin leaf extract at 4 week interval for 24 weeks  

A to D: No visible lesions seen, E and F: Marked sloughing of the Germinal Epithelium (arrows) (Mg × 400). TOLE = Telfairia 

occidentalis Leaves Extract. A= (0ml  TOLE/L), B= (30mL TOLE/L), C= (60mL TOLE/L), D= (90mL TOLE/L), E= (120mL TOLE/L), F= (150 TOLE/L) 
 

 

DISCUSSION 

 

This study showed that the aqueous extract of the plant 

produced significant (P<0.05) increase in the levels of the 

PCV, Hb, WBC, MCV, MCH and monocytes when 

compared with the control. The best PVC (38.39%) and 

Hb (12.79 g/dL) were obtained for birds served 60 ml/l 

TOLE while the least parameters (35.20% and 11.73g/dL 

respectively) were obtained for birds on the control. This 

showed that animals suffering from low blood volume 

may benefit from the administration of this plant extract. 

This observation of increased level of erythron supports 

the earlier research findings that this plant has haematinic 

potency (Adedapo et al., 2002; Nworgu et al., 2007; 

Ifeanyi et al., 2014). The increase in the level of erythron 

produced by this extract may be due to the fact that the 

leaves of this plant are rich in many minerals (Burkill, 

1994; Aletor et al., 1995; Archibong, 2002) high in crude 

protein, essential and non-essential amino acid in the leaf 

(Alabi et al., 2017; Fasuyi, 2007). This result agrees with 
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the study of Alada (2000) and lends validity to the use of 

the leaves in the treatment of anaemia (Gbile, 1986). Birds 

on treatment D recorded the highest value of 13.92 × 

10
6
/mm for WBC though it was not significantly different 

(P>0.05) from the values obtained for birds on treatments 

A, C and F but significantly different (P<0.05) from those 

on B and E. The WBC helps to defend the body against 

foreign organism or extraneous materials so the higher the 

WBC the better the ability of animal to fight diseases since 

the WBC values fall within the normal range as reported 

by Mitruka and Rawnsley (1981), it then suggests that the 

health status of the birds was not challenged by the 

administration of this extract. 

Birds on treatment C recorded the highest MCV 

(142.48µ) value which was similar to the values obtained 

for birds on treatment B but different (P<0.05) from the 

values obtained for birds on treatments A, D, E and F. The 

highest MCH value of 48.50µg was also obtain for birds 

on treatment C though it was similar to the values obtained 

for birds on treatments A and D. The result obtained for 

the corpuscular constants in this study did not follow any 

particular trend and they were within the normal 

physiological range as reported by Mitruka and Rawnsley 

(1981) for normal cocks. The values obtained for the 

monocytes and eosinophils were significantly different but 

did not follow any particular pattern.  

Serum biochemical investigations have been 

explored extensively to distinguish normal state from 

stress and diseased conditions in animals. Except for the 

albumin and AST, all other serum parameters investigated 

in this study were significantly (P<0.05) influenced by the 

administration of the TOLE.  

The total protein, globulin and ALT increased with 

increasing levels of TOLE while triglyceride decreased 

with increasing levels of TOLE. The total proteins were 

higher for birds on the TOLE treatments than for birds on 

the control. This increase could be attributed to the 

additional protein supplied by the TOLE since the birds 

were on the same diets. This observation was similar to the 

report of Adedapo et al. (2008) and Alabi et al. (2017) 

who reported that aqueous extract of fluted pumpkin 

leaves caused a significant increase in the levels of the 

total protein and globulin of finisher broilers and rats 

respectively that were on fluted pumpkin leaves extract 

treatment. Although the albumin values in this present 

study were not significant (P>0.05), Nworgu et al. (2007) 

reported an increase in the albumin levels of birds on 

treatment F (150 mL/L) having the values of 10.6 IU/L. 

The slight increase in the serum enzyme activities suggest 

that there was little breakdown of muscle tissues on the 

birds on the TOLE treatments. The values of the 

triglycerides decreased with increasing levels of TOLE, 

this points to the ability of the extract to lower the lipids 

content as earlier reported by Adaramoye et al. (2007) and 

Nworgu et al. (2012). 

Telfairia occidentalis leaves extract showed various 

cellular effects on histological characteristics of the tissues 

examined. The liver and kidney were the most affected 

while in the spleen and testes no lesion was observed. The 

hepatic lesion was characteristic by mild to severe portal 

congestion with periportal cellular infiltration by mono-

nuclear cell and severe central venous congestion while 

the renal lesion were characterized by widespread 

coagulative necrosis of the renal tubule with generalized 

intestinal congestion and sloughing of renal tubular 

epithelium. This could be traced to the presence of 

alkaloids (Burkill, 1994) which have been observed with 

Telfairia occidentalis. This corroborates with the findings 

of Akubue et al. (1980) who reported venous congestion 

and in some cases burst vessels in the liver, spleen, lungs 

and heart of rats given aqueous extract of Telfairia 

occidentalis while Iweala and Obioda (2009) also reported 

irregularities in the liver of rats fed Telfairia occidentalis 

supplemented diet. Acute toxicity including hepatic 

toxicity have been reported (Akindele et al., 2018; 

Imosemi, 2018) in mice given Telfairia occidentalis up to 

5000 mg/kg orally, with signs of decreased locomotion, 

calmness, writhing and increased breathing at higher doses 

of LD50 of intraperitoneal administration at 3000-5000 

mg/kg. Although, there were no lesion observed in the 

testes in all the treatments, cocks on treatments E and F 

(120 and 150 mL TOLE/L) showed reduced germinal 

epithelium height and marked sloughing of the germinal 

epithelium respectively. The implication of this is 

disordered spermatogenesis and infertile/immature sperm 

cells. However, this effect is dose dependent since it was 

not observed at levels between 30-90 mL TOLE of water 

implying that, at higher doses of TOLE there was cell 

damage which could be detrimental to the fertility of 

cocks. This was similar to the findings of Adedapo et al. 

(2008) who reported testicular degeneration with severe 

disorganization of seminiferous tubules which were 

devoid of spermatic cells in rats served fluted pumpkin 

leaves extract. However, Iweala and Obioda (2009) 

reported the presence of large spermatogonia in the testes 

of rats fed Telfairia occidentalis supplemented diet while 

Nwangwa et al. (2007) reported a regenerative effect on 

the histology of rat's testes served the extract of fluted 

pumpkin leaves extract. Imosemi (2018); Sakpa et al. 

(2015) and Saalu et al. (2010) also testified to the 
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testiculo-protective attributes of TOLE at lower doses up 

to 200mg/kg in adult male Wister rats that showed 

increased sperm count, sperm viability and motility, 

enhanced spermatogenesis with elevated levels of 

testosterone and luteinizing and follicle stimulating 

hormones; but found aqueous TOLE to be testiculo-toxic 

at high dose of 800mg/kg body weight of male Wister rat. 

 

CONCLUSION 

 

Long term supplementation of TOLE for cockerel 

production should not exceed 60mL of TOLE per liter of 

water as the administration in excess of this can bring 

about tissue breakdown and reduced fertility. Animals 

suffering from blood loss can benefit from the 

administration of fluted pumpkin leaves extract as the 

extract increased erythron production. 
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ABSTRACT 
 

Poultry meat is very popular in Ireland because of low cholesterol level. Ireland is in the top position for the 

consumption of poultry meat in whole Europe. Ireland emits 3.3 kg CO2- equivalent per kg of poultry for the poultry 

meat production which is the lowest amount among all the other European countries. To expand this sector with 

respect to environmental concern some issues need to be considered very carefully such as effective poultry feed 

production system, energy consumption in both poultry production and processing area, manure management system, 

wastewater and odour management systems. If these issues are not handled carefully, several types of harmful effect 

will occur in both living and environment cycle such as water borne diseases, global warming and ozone layer 

depletion. The objective of this report is to give an overview of the current situation of poultry production in Ireland, 

policies and legislation related to poultry production and to show the way to expand this sector in Ireland in line with 

current ecological concern. 
 

Keywords: Ecological and policy, Management of poultry-waste, Poultry and environment, Poultry production 
  
 

INTRODUCTION 
 

Recently the department of agriculture, food and the 

marine announced that about 24 billion euro comes from 

agri-food sector in Ireland, and in the national economy, 

6.3% gross value added, 10% of Ireland’s total exports and 

7.7% of total national employment are contributed by this 

sector (Teagasc, 2012). By exporting chicken in 2014 

Ireland earned 310 million euro and in 2015 the earning 

increased to 320 million euro (Bia, 2016). The Irish 

poultry industry is a very important contributor to the 

agriculture and economies of Ireland. This industry is 

growing very fast. The annual consumption of poultry 

meat has been almost doubled between 1980 and 2000 

(FAO, 2009). In the European Union, Ireland was the 

highest position in per capita consumption of poultry meat 

(McCarthy et al., 2004). 

The poultry industries were contributing a lot to meet 

the increasing need for the cheapest and safe supply of 

meat and eggs since last decade (Kearney, 2010). Many 

new changes happened in this growing sector such as 

structural changes, land independent farming, intense 

productions etc. The main intention was to decrease the 

production cost and increasing supply which have been 

done by improving animal genetics, optimized nutrition, 

efficient operations and new integrated technologies (Paul, 

2010). All these things have given rise to environmental 

concerns. This is now not only limited to production area 

but also amplify to environmental problems at local and 

global scales. Globally greenhouse gas emissions are one 

of the main problems in the world. The emission sources 

can be categorized as i) feed production, using for 

fertilizers to produce feed and even production processes 

of that fertilizer, ii) on-farm energy consumption, iii) 

energy consumption for transporting poultry or poultry 

feed, iv) emission from manure management system, v) 

energy consumption in poultry processing area, vi) 

emission from waste or by-product of poultry processing. 

Mainly six gases are responsible for greenhouse gases. 

They are CO2, CH4, N2O, hydrofluorocarbon, 

perfluorocarbon and sulphur hexafluoride (IOPC, 2007). 

http://www.science-line.com/index/
http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-4475-8393
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The emission of first three (carbon-dioxide, methane, 

nitrous oxide) are higher for faecal matter and the 

concentrations depend on the ventilation efficiency and 

rate (JRC, 2010). In Ireland, the carbon footprint of 

poultry and egg production is low compared to other 

European countries. But from the ecological point of view 

in growing and to expand the poultry sector in Ireland 

utmost concern should be given at this field. In this 

review, current situation of poultry production along with 

European and Irish policies and legislation, carbon 

footprint, environmental issues and the prevention of the 

poultry waste with the expansion of this sector are 

discussed.  

 

Poultry production in Ireland 

In Ireland, four systems are maintained for poultry 

production. Those are intensive (commercial), free-range, 

label rouge and organic. Main differences between these 

production systems are shown in table 2 (Lampkin, 1997).

 

Table 2. Differences between poultry production systems-March 1997, Ireland 

Production System 
(a)Intensive (b)Extensive 

Broiler1 Free range table birds1 Organic2 

Minimum age at slaughter (days) None, generally 39-45 days 56 (days) 81 (days) if not slow growing 

Breed specification None None None as such, but slow growing preferred 

Max house stocking density 

(fixed housing) 
34.0 kg LW/m2 

13 b/m2 or  

27.5 kg LW/m2 

6 b/m2 (layers) or 10 b/m2 (fattening) max 21 kg 

LW/m2 

Max house stocking density 
(mobile housing) 

  16 b/m2 (fattening) max 30 kg LW/m2 

Flock size Unlimited Unlimited 
4800 chickens, 3000 layers or 2500 turkeys per 

poultry house 

Access to range Not required 
Continuous day time access 
require or all least half their 

lifetime 

Weather permitting, for at least 1/3 or their life 

Pasture allowance None  1m2/birds So that not more than 170 kg/N/ha/yr 

Feed specification  None 
Finisher contains at least 70% 
cereals 

At least 65% cereals, no synthetic amino acids, 

100% organic ingredients. However, a derogation 

exists that allows 20% from non-organic sources 

  Source: (Lampkin, 1997) 

 

Intensive production is a very common and 

commercial process. In this process, chickens are raised up 

in a controlled environment and high nutrient feeding 

system. Breast meat is very popular in Ireland. That is why 

breeders are preferred which give a high amount of breast 

meat. Normally it takes 35 to 56 days to reach the weight 

3kg of chicken and in case of intensive egg production 

around 290 eggs can be collected per chicken per layer 

cycle. 

Free range is also a popular system where chickens 

are allowed access to the outdoors. These birds take 

around 56 days to grow up. According to Teagasc (2006a) 

there are some regulations for free-range farming in 

Ireland. Those are i) chickens should be allowed daytime 

access for open-air running, ii) the ground should be 

covered with plant or grass, iii) the maximum stocking 

density has to be a thousand chickens per hectare, iv) an 

insulated house has to be made with a floor space of one-

meter square per seven chickens (Teagasc, 2006a). 

Label Rouge is a French pasture-based production 

arrangement. According to this system, there is some 

regulation for using feeding ingredients such as diets 

should contain 65% cereal. At six weeks age a ring is 

worn on the pullet’s wing by the certifying organization. 

The density has to be 13 pullets per m
2
. Normally chicken 

lays after 21 weeks when it will go through a complete 

light and nutrition program. 

Organic table birds and layers are very popular in 

whole Europe. It must be maintained by the European 

council regulations and examined by certifying bodies of 

each country. In Ireland, there are three organic 

certification constitutions. 

1. Demeter standards 

2. Irish organic farmers and growers association  

3. Organic trust (Teagasc, 2006b) 

Around 29850 ha agricultural land was used for 

organic food in 2002 in (DAF, 2002). Most of the organic 

foods in Ireland are fruits and vegetables. Organic meat 

mainly beefs and lambs are occupied 25% of the organic 

food. Organic poultry and egg are negligible due to the 

limited supply (DAF, 2002). Table 1 shows the total 

number of producers and birds involved in organic poultry 

production in Ireland in 2002. 
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The market for organic poultry feed is very small. 

Hence only one supplier is available all over Ireland 

(Teagasc, 2006b). This feed is very expensive almost 80% 

expensive than normal poultry feed. This feed must be free 

from any types of genetically modified organisms. 

Chickens which are produced for organic meat production 

requires 81 days to grow up which is a lengthy procedure 

(Teagasc, 2006b). 

 
Table 1. Total number of producers and birds in 2002, Ireland 

 Total number of 

producers* 

Total number of birds 

Broiler hens  11 1,935 

Laying hens  64 18,793 

Turkeys 5 ** 

* Producers with poultry numbers or 10 or more** insufficient data. 

Source: Anon (2002) 

 

European and Irish policies and legislation 

In Europe union, the poultry meat production is 

directed by the European communities (fresh poultry 

meat) regulations 1996 (S.I. No. 3/1996) and council 

directive 71/118/EEC European Economic Community 

(EEC) (Directive, 1996). This regulation controls the 

premises approval, application of the health mark to 

poultry, hygiene and sanitary standard etc. European 

communities (marketing standards for poultry meat) 

regulations 2002 (S.I. No 440) cover the marketing 

standards such as labelling, grading by quality etc. 

(Magdelaine et al. 2008). 

The Poultry hatcheries act 1947 and the poultry 

hatcheries regulations, 1959 controls about the breeding 

stock as they should be collected from permitted breeding 

sources. It also controls the inspection and blood testing to 

keep poultry free from diseases (HARRIS, 1973). 

European communities (marketing standards for 

eggs) regulations, 254/1992 implementing regulation 

(EEC, No. 1907/90) and regulation (EEC, No. 1274/91) 

deals with egg grading, weighing, packing, labelling, 

transporting and marketing. The egg for incubation is not 

allowed for human consumption (EISB, 1992b). 

European communities (egg products) regulations 

1991 (S.I. No. 293 of 1991) and European communities 

(egg products) regulations 1992 (S.I. No. 419 of 1992) 

implementing council directive No. 89/437/EEC deals 

with hygiene, supervision, marking, marketing of egg 

products (IRL, 1991). 

According to Ireland rules and regulation, if anybody 

is going to deal or trade poultry for commercial or non-

commercial basis has to be certified with the department 

of agriculture, fisheries and food under the diseases of 

animals act 1966 (registration of poultry premises) order 

2008 (S.I. No. 42 of 2008 as amended by S.I. No. 57 of 

2011). And that person must be committed to the rules of 

biosecurity and record keeping requisites (DAFM, 2013) 

The regulation for poultry manure is written in 

statutory instruments S.I. No. 378 of 2006. All the 

requirements are written here for that person who will 

apply for Integrated Pollution Prevention and Control 

(IPPC) license. The Environment Protection Act, 1992 is 

required for the following activities (EISB, 1992a). 

1. Any type of emission cannot violate the air 

quality standard enumerated under section 50 of air 

pollution act, 1987. 

2. Any type of emission cannot violate the quality 

standard of waters, trade effluents and sewage which is 

enumerated under section 26 of the local government 

(water pollution) act, 1977. 

3. Any type of emission from the action of plant, 

methods or procedure cannot violate the rules of European 

communities act, 1972. 

4. Any noise cannot violate the rule under section 

106. 

Environmental protection agency act 1992 

(established activities) order, S.I. No. 279 of 2006 deals 

with poultry installation in Ireland (Intertradeireland, 

2011). The key legislative concerned to poultry production 

in Ireland is actually characterized by the following 

standards: 

1. International quality management standards as for 

example ISO 9001:2000 

2. Hazard analysis and critical control points as 

summarized by Codex Alimentarius (1997) 

3. Compatible national and Europe union legislative 

requirements involving European Commission(EC) 

178:2002 and EC 852:2004 

4. EN 45001 (1998) general requirements of bodies 

who are involved in product certification systems (Bord 

Bia, 2008). 

 

Carbon footprint during poultry production 

According to food and agriculture organization report 

“livestock long shadow; environmental issues and 

options” livestock production is one of the main issues for 

the environment. The report showed that around 18% 

Greenhouse Gas (GHG) emissions come from livestock 

(FAO, 2006). GHG is lower in pork and poultry for the 

adequate digestion process and inexistence of enteric 

fermentation process. And the GHG emission is lower in 

poultry comparing to pork. In the European Union 

considering product level 19 to 28kg CO2-equiv. per kg of 

meat (beef, sheep and goat) is the total GHG intensity. 

Comparing that amount poultry gives only 5-7kg CO2-

equiv. which is less. The emission of CH4 and NO is high 
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for poultry production. Egg considerably gives lower 

carbon footprint. In Europe, union egg production causes a 

net emission of 2.8–3.2 kg of CO2-equiv. per kg of eggs. 

In Ireland, poultry meat production emits 3.3 kg CO2-

equiv. per kg of poultry (Weiss and Leip, 2012).  

Jacob (2009) showed the average GHG emission in a 

broiler industry. He stated that 5.5 tons CO2 emission 

happens for 1000 broilers marketed, 7.5 lbs CH4 emission 

occurs per thousand broilers marketed and 3.8 lbs N2O 

emission occur for thousand broilers marketed. 

The carbon footprint of Ireland in the livestock sector 

is always lower than any other country in Europe union. 

Joint research center of the European Union commission 

published major research in which Ireland is rated 

amongst the best for the carbon footprint (Teagasc, 2011). 

The research entitled “evaluation of the livestock sector 

contribution to the Europe Union GHG emissions” 

demonstrated the carbon emission of livestock products, 

the production of feeds. It also reported the emission due 

to an input of mineral fertilizer, pesticides, energy etc. 

from this study, the poultry carbon footprint was 3.3 kg 

CO2-eq per kg of poultry where the average value of 

carbon footprint in European Union is 4.9 kg CO2-eq per 

kg of poultry (Teagasc, 2011). 

From figure 1, it can be easily noticed that among the 

other European countries the emission of GHG in Ireland 

for egg production is really low. It is near about 2.5 kg 

CO2-equiv. per kg of product. From figure 2, it also can 

be easily noticed that the position of Ireland for poultry 

meat production is really not the alarming phase. Ireland is 

in the lowest position for the emission of GHG in case of 

poultry meat production 
 

 
Figure1. GHG fluxes of eggs (in kg CO2-equiv. per kg of product), European Union (27 countries), 2004 (Source: Weiss and 

Leip, 2012). 
 

 
Figure 2. GHG fluxes of poultry meat (in kg CO2-equiv. per kg of product), European Union (27 countries), 2004 (Source: 

Weiss and Leip, 2012) 
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Environmental Issues 

In a poultry processing area, some factors are very 

important to control environmental hygiene. The factors 

are exterior structure and grounds, interior structure, 

interior walls, ceiling and overheads, floors, drainage, 

doors, windows, lighting, water and water supply, knives, 

sterilizers, hoses and other equipment, extraction and 

ventilation, cleaning materials and storage, food trays, 

electronic fly killers, effluent treatment and complete 

waste disposal system (FAO, 1996). 

Mainly two important parts are important for 

ecological aspects. One is the production of concentrated 

feed and another is the generation of GHG through 

chicken processing and transporting of processed product. 

 

Environmental impacts of poultry feed 

production 

The feeds for poultry consist of main cereals, soy, 

oilseeds and pulses. Intensive feed production effects 

negatively to the land and water. To produce high crop 

yield mineral fertilizer, pesticides and different herbicides 

has to be used intensively which pollute the environment. 

Smil (1999) reported that 30-50% of nitrogen fertilizer and 

45% of phosphorus fertilizer is absorbed by the plant. For 

feed production in the world, about 20 million tons of 

nitrogen fertilizer is used and 36% of that feed is produced 

as poultry feed. This also causes serious air pollution 

because of the volatile nature of ammonia. Feed 

production also affects negatively in biodiversity. The 

increasing demand for feed requires expansion of cropland 

and thus it affects through the adaptation of natural 

habitats. Sometime overexploitation of fisheries is 

happening for producing the fishmeal for the poultry 

(Steinfeld et al., 2007). 

 

Environmental impacts on poultry manure 

The growing poultry industries are giving serious 

concern about poultry waste mainly poultry manure. 

Poultry litter is a very good origin of organic fertilizer. But 

this poultry manure creates some environmental problems 

such as nitrite that extracted into the groundwater, 

phosphorus from poultry manure mixes up with surface 

water bodies and various pathogenic organism released by 

poultry manure. The most important thing to the poultry 

manure management system is to keep the manure dry as 

early as possible (Moore et al., 1995). 

 

Environmental impacts on air quality 

In chicken production houses three gases are of 

greatest concern. Those are ammonia, carbon dioxide and 

carbon monoxide. Table 3 revealed that both long and 

short term CO2 produce significantly had high amount 

than ammonia and Carbon monoxide. These gases 

negatively impact on human health.  

 

Table 3. The following level has been observed for the 

protection of human health 

Name of Gas 

Long Term  

Exposure Limit  

(8 hours a day) ppm 

Short Term  

Exposure Limit  

(10 minutes) ppm 

Ammonia 20 35 

Carbon monoxide 50 400 

Carbon dioxide 3000 5000 

Source: Bord Bia, 2008 

 

Personnel-related to poultry production systems have 

to be aware of the location and production so that the air 

emission does not hamper the local environment. To 

establish a new production, house a producer can reduce 

problems related to the environment in many ways such as 

proper ventilation system, cover poultry litter, the proper 

management system of wastewater and waste packaging 

material, transporting through proper vehicle etc. 

Producers and processor should be careful because if they 

cross the limit they will need EPA license. 

 

Prevention of poultry waste production 

Industrial poultry waste management; in the poultry 

processing industry, various waste products are produced 

which have to be managed or processed for the safety of 

the environment. Some common practices are discussed 

here: 

In a modern plant, flow-away systems are being used 

for fast and adequate processing. To reduce blood loss 

before killing stunning should be done. If stunning is not 

done blood may be spattered over a large area and 

deteriorate feathers. Dry cleaning is important before 

washing the whole receiving area. Feathers which are 

recovered can be disposed of or cooked by pressure to 

hydrolyze the keratin protein. Screened water should be 

used in the de-feathering operation. Feet, head, viscera and 

other parts which are inedible should be gathered for 

disposal or inedible analysis. Final evisceration wash 

water can be re-used for other unimportant sub-processes. 

The special nozzle should be used to reduce the wastage of 

water (FAO, 1996). 

 

Wastewater management  

Wastewater from the poultry processing industry 

causes a serious environmental impact. It mainly hampers 

the natural environment in three ways. The waste water 

contains a lot of biodegradable compounds which reduce 

the dissolved oxygen in the water. Water containing 
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reduced dissolved oxygen is very harmful to aquatic life. 

Eutrophication may occur due to the presence of macro-

nutrients such as nitrogen, phosphorus in the water bodies. 

Excess algae growth and their consecutive dying release 

too much mineral in water which also affects harmfully to 

the aquatic life. Some effluent compounds directly harm 

aquatic life such as un-ionized ammonia (Demayo et al., 

1982). In the poultry processing industry, the offal flume-

water contains one-third of the total waste load. It has been 

reported that the average value of biological oxygen 

demand (BOD) is 3.4 kg per ton of LWK (live weight 

killed). The highest BOD is found in chicken blood around 

4.5 kg BOD per ton of LWK. The detailed values are 

showed in table 4. 

Scalding is the processing step in which maximum 

energy consumption takes place. The scalding tank which 

contains residues and feathers holds 0.6 to 3.1 kg BOD per 

ton of LWK. In the chilling process, the overflow water 

contains 0.4 to 2.5 kg BOD per ton of LWK. Final wash 

water holds 0.7 kg BOD per ton of LWK. About half of 

the BOD comes from cleaning operation in a poultry 

processing industry (FAO, 1996). 

 

Table 4. Different components of poultry slaughterhouse, European Union, 1973 

Components 
Poultry slaughterhouses 

Chicken Range (kg/Ton) Turkey Range (kg/Ton) 

Biological oxygen demand 3.3 - 25 1 – 9 

Chemical oxygen demand 5.9 - 45 1.8 – 16 

Kjeldahl nitrogen 0.15 - 12.2 0.4 - 1.9 

Suspended solid 0.1 - 22 0.6 - 10.9 

Phosphorus 0.054 - 2.5 0.034 - 0.2 

  Source: Verheijen (1996). 

 

Manure management 

Statutory Instruments S.I. No. 378 of 2006 deals 

with poultry manure management. The litter from the 

poultry farm should be stored in the litter storage shed. 

That shade should have 347-meter square floor area. Shed 

also contains a ditch for wash-waster holding. That ditch 

should be the 8.1-meter cube. Normally 1-meter cube 

space is needed for 600 kg of litter. A contractor will 

provide all the necessary things like machinery or labor to 

clean the houses and transfer the litter to the storage shed 

(EPA, 2009). 

 

Emissions minimization 

Emission to air, water or land that occurred for 

poultry housing can be prevented or minimized in many 

ways. Walls and roofs in the poultry house should be 

properly insulated and smooth enough for cleaning easily. 

The building should be waterproof. Forced air drying 

system should be used to dry manure rapidly on belts. This 

drying and stabilization will reduce flies. Gable fan and air 

inlet should be conducted electronically. Gable fan will be 

only operated when the temperature will rise more than 25 

°C. Fans should be adapted with light filters to minimize 

emissions. Fans should be cleaned on a regular basis. 

Nipple drinker system should be used to minimize water 

wastage and to manage dry manure to reduce the emission 

of ammonia. Low energy lighting should be used. A 

review of housing and overall management should be 

carried out after 12 months and after following that review 

developed method should be implemented for the next 

year.  

Manure should be dried instantly within 24 hours for 

volatilization of ammonia. Dried manure should be sent to 

manure store (Alberta, 2008). 

 

Energy minimization 

The artificial heating system is not commonly 

adapted for the layer farms because of high stocking 

density and low temperature. Common activities regarding 

energy requirement are heating the water in the winter 

season, distributing system of feed, ventilating the house, 

lighting (high energy consumption requires here), 

collecting and sorting of eggs and packaging. On the other 

way, in a broiler farm energy requires for the heating 

system which is being done initial phase, preparing and 

distributing of feed and ventilating of the house which is 

weather dependent.  

To reduce the energy consumption for poultry 

production some methods can be applied, such as high-

quality insulation in walls and roof, automatically 

ventilation and constant temperature controlled systems. 

On the other hand, in the feeding system, power 

consumption can be increased if high friction occurs. So 

effective and automated feeding system installation is 

necessary to minimize the energy consumption 

(Baxevanou et al., 2017). 
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Effective measures to monitor emissions 
 

Emissions to air 

Sometime incinerator should be used to burn carcass. 

Small incinerator (less than 50 kg per hour) should be 

used. The temperature inside the incinerator should reach 

to 85 °C for complete combustion. Monthly checking is 

necessary for the incinerator. 

 

Emission to water 

The dry cleaning system is used which remove 

completely the contaminated run-off. Sometimes it is 

passed directly from hard standing region to waste water 

tank. According to the code of good practice, the 

wastewater tank should be emptied to thoroughly clean up. 

Record keeping should be done with checking or emptying 

of the tank (Sparrey, 1994).  

 

Emission to land 

Discharging of ammonia and dust from the air and 

spreading manure on soil may be the reasons for emissions 

to land (Sharp, 2006). 

 

Odour minimization 

The odour of poultry waste may be minimized by 

taking some steps. Effective dry manure system is 

maintained with controlling humidity, temperature and 

prevent leakage at the water supply system. High standard 

of cleanliness should be maintained by regularly cleaning 

up deposited dust, the dead body removes and controlling 

internal weather condition. For preventing feed wastage 

storage bins should be sealed (Ranadheera et al., 2017). 

 

CONCLUSION 

 

Ireland is the highest position for consuming poultry 

meat among other European countries and on the other 

hand, this country has the lowest position for emission of 

greenhouse gases for poultry meat production. Here 

chicken meat production emits 3.3 kg CO2-equiv. per kg 

of poultry. So the situation is not critical yet. But it is 

going to be critical soon if the necessary preventive 

measure will not be taken in the near future. Consumption 

of poultry meat is increasing daily. The new technologies 

are being used which consequently increase GHG. 

Intensive poultry production is popular here which gives 

fewer GHG compared to free-range poultry production. 

Through maintaining the rules and legislation for poultry 

farming in Ireland, it is very much possible for the poultry 

farmers to expand their business. Not only the poultry 

production industries but also the poultry processing 

industries need to be concern about ecological aspects. 

They produce the largest amount of BOD in the whole 

processing systems. Effective poultry feed production, 

energy consumption in both poultry production and 

processing area, manure management system, wastewater 

and odour management system all these are very 

importantly handled as these systems are directly affiliated 

to the environment. Proper knowledge on the current 

scenario of poultry production in Ireland with ecological 

concern and the proper guidance with European and Irish 

policies and legislation are the basic need to expand this 

sector. 
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ABSTRACT 
Probiotics are currently under investing the most valuable substances alternative to antibiotic growth promoters in 

poultry breeding practice. This research was performed to evaluate the effect of supplementing broiler drinking water 

with probiotics (Pediococcus acidilactici and Bacillus subtilis) at a concentration of ≥108 CFU/ml during 42 days of 

feeding period on growth performance and gut health. A total of 144 one-day-old Ross 308 broiler chicks (mixed 

gender) with an average initial BW of 42.3 g were used. The chicks were allotted to pens with 12 birds per pen and 

six replications per treatment with food and water provided ad libitum. Feed intake of Probiotic group was 4134 g, 

338 g less than that of control group.  Live weight of probiotic group was 2537 g and a 113 g more than that of 

control group. The feed conversion ratio of probiotic group was 1.61, 0.22 less than that of control group. The crypt 

depth of probiotic group (1110.46 ± 224.016 µm) was statistically deeper than that of control group (949.39 ± 

114.166 µm) in ileum. Continuously use of probiotics in drinking water of commercial poultry flocks appears to be 

alternative to AGPs. The results of this study provide a greater understanding of the impact of long-life use of 

probiotics on broiler health and growth performances. 

Key words: Broiler, Gut morphology, Growth performances, Probiotics 
 
 

INTRODUCTION 
 

Globally, antibiotic resistance is a growing public health 

issue (Gaggia et al., 2011). This emerging issue will likely 

lead to even greater challenges that will requisite 

innovative solutions in order to provide even greater 

public health protection. The goal is to enhance the 

knowledge base of alternative antimicrobials currently 

under investigation and to identify additional materials for 

potential strategic use in food animal production, leading 

to better protection of human health (Hume, 2011). 

Antibiotics as growth promoters in animal feeds 

have been used in the member states of the European 

Union during the last 50 yr. However, the EU banned 

antimicrobial growth promoters (AGPs) in Jan 2006. So, 

the poultry industry has aimed to develop new strategies in 

order to maintain animal health and performance on a 

commercial scale (Castanon, 2007; Vahdatpour and 

Babazadeh, 2016). Accordingly, scientific efforts have 

been focused on the development of new non-antibiotic 

health and growth promoters for use in poultry breeding 

(Griggs and Jacob, 2005; Nikpiran et al., 2014). Such as 

from AGPs, it is expected from non-AGPs that they 

should promote digestive tract health to increase disease 

resistance in chickens (Istiqamah et al., 2013; Mahdavi et 

al., 2013; Afsharmanesh and Sadaghi,2014; Li et al., 2014 

and Chughtai et al., 2015). 

As a source of non-AGPs, extracts of some 

medicinal or aromatic plants, probiotics, prebiotics, 

Competitive Exclusion (CE) cultures, organic acids, 

specifically fermented feeds or their extracts has been used 

(Lee et al., 2001 and Prukner-Radovcic and Grozdonic, 

2003). Except for these attempts, intensive efforts have 

been spent in developing dietary fibers, bacteriocins, strain 

specific phages and vaccines to combat many significant 

enteric diseases (Heres et al., 2003; Vandeplas et al., 2008 

and Latha et al., 2016). 

Probiotics are live microbial complements that 

provide beneficial effects on the host due to improvement 

in the intestine’s microbial equilibrium (Fuller, 1989 and 

Giannenas et al., 2014). Sharma et al. (2012) demonstrated 

http://www.science-line.com/index/
http://creativecommons.org/licenses/by-nc/4.0/
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them as “the emissaries of health from microbial world”. 

The efficacy of these products is often due to specific 

microbial ecological factors that alter the competitive 

pressures experienced by the microbial population of the 

gut (Callaway et al., 2008 and Lutful Kabir, 2009). Many 

researchers have suggested that probiotics and CE cultures 

can reduce colonization of pathogenic bacteria in 

chickens’ intestines (Lee et al., 2001; Wolfenden et. al., 

2007 and Schneitz et al. 2016). 

Feed efficiency, feed conversion ratio, survival rate 

and weight gain rate are considered as the main parameters 

for evaluating effectiveness of non-AGPs in scientific 

studies, either via comparison with AGPs or using them 

alone (Mehr et al, 2014; Olnood et al., 2015 and Zhang et 

al., 2015). Gut histopathology, blood and digestive 

parameters are used as comparison parameters in such 

studies (Mehr et al, 2014; Agboola, 2015 and Ştef et al., 

2015). Varieties of non-AGPs recommended for use in 

drinking water or in combination with poultry feed 

(Swiatkievicz, 2014 and Abu Akkada et al., 2015). Many 

studies have revealed the effectiveness of non-AGPs as 

growth promoters, providing alternative to AGPs to 

improve chicken growth indices (Landy and Kavyani, 

2013). From the literature, it appears to be difficult to 

come to a consensus as to the best method to probiotic 

application for broiler chickens on an industrial scale. So, 

a liquid probiotic was used (Smart ProLive, a commercial 

preparation) in non-chlorinated drinking water once a day. 

So, it is aimed to investigate the effects of on growth 

performance and some histological changes in large 

intestines of broiler chicks during a period of 42 d of 

breeding. 

 

MATERIALS AND METHODS 

 

A total of 144 one dayold Ross 308 broiler chicks (mixed 

sexes) with an average initial BW of 42.3 g were allotted 

to pens with 12 birds per 1 m
2
 cages in a 20 m

2 

environmentally controlled room (32 to 24 °C and 65% 

relative humidity) flock. Six control (control group) and 

six experiment (probiotic group) cages were placed on the 

ground as two parallel lines. Four kg of wood shavings 

was used as bedding material for each cage. The light 

regime was 23 h light and one h darkness. The temperature 

in the flock was 32°C at the beginning of the experiment 

and was gradually reduced to 21°C at 21 d. Broiler 

chickens were vaccinated with live attenuated vaccines 

against Newcastle Disease Virus (NDV) Avinew© 

VG/GA strain (Merial-Lyon-France) at day 7 and day 26. 

No antimicrobial agent was applied to the birds. Birds 

were only subjected to 3 routine vaccination applications 

at different intervals and vaccines were applied to all the 

birds via drinking water. 

The birds were provided with ad libitum feed and 

drinking water during the entire experimental period. All 

diets were taken from a commercial Ross 308 broiler 

chicken breeding farm. Chickens were feed with four 

structures of compound feed according to the 

recommendations in the growth boom for Ross 308 

hybrid, namely: pre-starter, starter, grower and finisher in 

the following sub-periods: from hatching to 10 d, from 11 

d to 24, from 24 to 35 d and from 36 to 42 d. The feed 

compositions are given in table 1. Control group was fed 

with basal diet and de-chlorinated drinking water. 

Probiotic group was fed with basal diet and de-chlorinated 

drinking water with 0.1 % Smart ProLive. Live weight and 

feed consumption ratio (FCR) were recorded weekly until 

42 d (slaughter d). 

 

Table 1. Composition of basal diets (g/kg) used for 

feeding of broiler chickens. 
Composition of basal diets (g/kg) Feeding periods (day) 

Ingredients 0-10 11-24 25-35 36-42 

Maize 440 392.22 361.55 357.42 

Soybean Meal (46%) 210 84 21 0 

Soybean (Full fat) 150 200 270 267 

Wheat 85.6 197 247 267 

Maize gluten 54.5 24 0 0 

Limestone 16.6 9.4 8.6 8.4 

Soybean oil 15 5 5 3 

CaHPO4 12.3 5.1 3.6 3.7 

L-Lysine HCl 4.1 3.89 2.58 2.76 

DL-Methionine 2.94 2.67 2.35 2.18 

NaHCO3 2.44 3.4 3.14 3.85 

NaCl 2.16 1 1.2 0.62 

L-Threonine 1.13 0.78 0.78 0.85 

Meat-bone meal 0 60 60 70 

Vegetable oil 0 5 10 10 

Vitamin premix a 0.2 0.2 0.2 0.2 

Mineral premix b 2 2 2 2 

Choline chloride 1 1 1 1 

Nutrient level 

Metabolizable energy (MJ/kg) c 3037 3140 3225 3220 

Crude protein (%) 23.56 20.9 19.2 18.9 

Lysine (g/kg) 1.45 1.3 1.15 1.13 

Methionine (g/kg) 0.7 0.61 0.53 0.5 

Calcium (g/kg) 1.25 0.96 0.92 0.95 

Available phosphorus (g/kg) 0.68 0.67 0.64 0.65 
a Vitamin premix provided 1 kg of diet with: vitamin A, 10.800 IU; 

vitamin D3. 2160 IU; vitamin E, 15 IU; Vitamin K3, 1.0 mg; vitamin B1, 
4 mg; riboflavin, 5 mg; pantothenic acid, 10 mg; niacin 25 mg; vitamin 

B6, 8 mg; folic acid, 0,4 mg; vitamin B12, 0.08 mg; biotin, 0,15 mg. b 

Mineral premix provided 1 kg of diet with: I, 0,35 mg; Se, 0,15 mg; Zn, 
40 mg; Cu, 8 mg; Fe, 80 mg; Mn, 100 mg.  cMetabolizable energy was 

obtained by calculation. 
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Enumeration of total aerobic bacteria in the 

probiotic source: Smart ProLive sold in the form of 5 l 

plastic container (as seen on the label, it contains ≥1×10
11

 

CFU/ml probiotics as Pediococcus acidilactici and 

Bacillus subtilis) was analyzed for its total viable bacterial 

count. A 10 ml sample was mixed with 90 ml sterile saline 

solution (0.9% NaCl) and the10-fold increment serial 

dilution technique was conducted according to Maturin 

and Peele (2001). One milliliter of the homogenized 

suspension was then transferred into 9 mL of 0.9% saline 

solution (NaCl) and serially diluted from 10
-1

 to 10
-8 

by 

using the same saline solution tubes. From the last three 

diluted samples, 0.1 mL each was plated on the 

appropriate agar medium for enumeration of live bacterial 

population. After colony count, bacterial load was 

calculated as CFU/ml. 

 

Histological measurements 

At the 42
th

 d of the trial period, all the birds were 

weighed individually and sent to a local commercial 

broiler slaughterhouse for the routine slaughter process. 

Electrically stunned birds were slaughtered. For 

histological examination, fragments from duodenum, 

ileum and ceca were taken from the individuals of six 

experimental variants in each of Probiotic Group and 

Control Group after the commercial slaughtering process. 

The fragments of the intestine were fixed in neutral 

formalin (10%), then dehydrated in increasing ethylic 

alcohol solutions (70
0
, 80

o
, 90

o
, 100

o
) and clarified in two 

baths of benzene and put in paraffin. The sectioning of the 

paraffin blocks was carried out using a manually rotary 

microtome (Ştef et al., 2015). The slides were stained with 

Periodic Acid Schiff (PAS) and Hematoxylin Eosin (HE) 

then examined by light microscopy. Micrometer in 

microscope was used for histometric measurements (Luna, 

1968). 

 

Statistical analysis 

Data were analyzed using SPSS v.16.0 for Windows 

(SPSS Inc., Chicago, IL, USA). Statistically significant 

differences between group means were determined by 

independent sample t test. Mean values were considered 

significantly different at P<0.05. Data are expressed as 

mean values ± SD (standard deviation). 

 

Ethical approval  

Direct collection of tissues and organs from freshly 

slaughtered birds was carried out in strict accordance with 

the recommendations of Kafkas University, Kars, Turkey 

for the care and use of laboratory animals. Also, 

slaughtered chickens were humanly handled. 

 

RESULTS 

 

There was no mortality or physical injury during the trial 

period of 42 d. After a 42 d of breeding period, each bird 

in probiotic group consumed 4134±112 g feed and it was 

338 g less than that of control group (4472±137 g). Live 

weight of each bird in the probiotic group was 2537±62 g 

and it was 113 g more than that of Control Group 

(2424±67 g at 42
nd

 d). The FCR of probiotic group was 

1.61±0.007 and it was 0.22 less than that of control group 

(1.83±0.012). As seen in the table 2, feed consumption, 

weight gain and FCR results of probiotic group were 

superior to that of control group during all the breeding 

period. After total mesophilic aerobic count of the 

probiotic source, it is confirmed that it contained at the 

concentration of 1 x 10
11

 CFU/ml (data has not been 

shown). 

The figures 1 and 2 represent the guts histological 

structures. There was no difference between probiotic 

group and control group aspect of histological structure, 

which were lymph follicles, goblet cells, crypt, submucosa 

and mucosa, in all parts of small intestine. The histometric 

differences between the two groups are given in table 3. 

Although the crypt depth in duodenum and in ceca of 

probiotic group and control group were statistically similar 

to each other, there was a significant difference between 

the two groups in ileum. The crypt depth of probiotic 

group (1110.46 ± 224.016 µm) was statistically deeper 

than that of control group (949.39 ± 114.166 µm) in ileum. 

Mucosa thickness of probiotic group in ceca and ileum 

appeared to be thicker than those of control group in those 

parts of the intestine (Table 3). There was no statistically 

significant difference between the two groups in the 

thickness of the duodenum mucosa (Table 3). 

 

Table 2. Effect of probiotic (Smart ProLive) on growth 

parameters during 42 days of rearing period of broiler 

chickens (mean±SE). 
                Weeks 

Tests 
1 2 3 4 5 6 

Feed intake; 

Probiotic 

89 

±6 

407 

±14 

930 

±22 

1734 

±40 

2270 

±75* 

4134 

±112* 

Feed intake; 

Control 

89 

±6 

396 

±24 

954 

±30 

1780 

±72 

2979 

±76 

4472 

±137 

Bodyweight gain; 
Probiotic 

121 
±6 

369 
±12 

722 
±15 

1235 
±27* 

1879 
±47* 

2537 
±62* 

Bodyweight gain; 

Control 

112 

±6 

338 

±18 

689 

±21 

1175 

±45 

1796 

±47 

2424 

±67 

Feed conversion 

rate; Probiotic 

0.39 

±0.03 

0.99 

±0.08 

1.23 

±0.06 

1.37 

±0.04* 

1.45 

±0.04* 

1.61 

±0.07* 

Feed conversion 

rate; Control 

0.42 

±0.01 

1.05 

±0.02 

1.32 

0.05 

1.48 

0.05 

1.64 

0.01 

1.83 

0.01 

*P<0.05.  
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Figure 1. a) General view of the cecum in the experimental group of broiler chickens after 42 days of rearing period, 

4x.Arrows: Lymph follicles, tm: tunica muscularis, s: submucosa, m: mucosa. Haematoxylin and eosin stain (H&E) Bar: 1000 

µm; b) Cecum of the experimental group, 10x. Arrows: Crypt, L: lymph follicles. H&E. Bar: 200 µm. 
 

 

Table 3. Effect of probiotic on crypt depth and mucosa thickness in gut segments of broiler chickens after 42 days of rearing 

period.  

Tissue Groups Crypt depth (µm) ± SD F Mucosa thicknes (µm) ± SD F 

Doudenum 
Probiotic 1622.5 ± 347.0 

0.666 
1965.1 ± 333.4 

0.37 
Control 1445.7 ± 318.7 1721.6 ± 326.3 

Ileum 
Probiotic 1110.5 ± 224.0 

9.305* 
1325.2 ± 222.8 

8.78* 
Control 949.39 ± 114.2 1144.9 ± 129.0 

Ceca 
Probiotic 306.8 ± 65.1 

0.275 
402.8 ± 109.5 

4.73* 
Control 273.8 ± 59.3 353.1 ± 63.1 

*P ˂ 0,05. 
 

 
Figure 2. Duodenum of the experimental group of broiler chickens after 42 days of rearing period. Arrows: Goblet cells, 40x. 

Periodic Acid Schiff (PAS). Bar: 50 µm. 
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DISCUSSION 

 

Antibiotics used in the field of veterinary application have 

been found to be responsible for the global antibiotic 

resistance problem. Currently, there is an alarming 

situation regarding antimicrobial resistance (Tellez et al., 

2012). In 2013, the G8 summit was dedicated this subject 

alone and at the end of the summit the conclusion was that 

the situation had demonstrated as “an alarm state”.  The 

G8 ministers released a joint statement on June 14, 

identifying antimicrobial drug resistance as a “major 

health security challenge of the 21st century” (Davies, 

2013). 

Competition of good and bad flora demonstrates the 

health of the digestive system, and accordingly health of 

the total body (Ghadban, 2002). AGPs are used to 

suppress bad flora and allowing good flora to dominate in 

the intestines.  Ban of antibiotic growth promoters in feeds 

from 2006 in the EU countries, many other countries have 

gradually adapted their regulations. After the ban, a rapid 

search has started to find new growth promoters to replace 

AGPs (Hume, 2011). In last 20 years, many studies have 

been conducted on new natural gut health promoters such 

as probiotics, prebiotics, CE cultures, direct feed 

microbials, fermented feeds, organic acids, essential oils. 

Probiotic are defined as a live microbial feed supplement 

that beneficially affects the host animal by improving its 

microbial intestinal balance (Fuller, 1989). Given the lack 

and hazards of antibiotics, including reduction of 

microbiome diversity and antibiotic resistance, the use of 

probiotics instead of antibiotics is becoming increasingly 

more acceptable. (Nami et al., 2015). Probiotics,  

prebiotics and CE cultures have demonstrated to be the 

good natural digestive system promoters (Ghadban, 2002 

and Nami et al., 2015). It is also pointed out by this study 

that probiotics can be used in broiler meat production as 

gut health enhancer and growth promoter. 

Many studies have been conducted to determine, the 

efficacy of non-AGPs on the health and growth 

performances of meat chickens. Nevertheless, it is not 

easy to make a comparative evaluation on the subject 

(Applegate et al., 2010). Due to differences in breeding 

conditions, feed and water quality, and probiotic and CE 

culture type, confirmative results between scientific 

studies has not easily been demonstrated (Otutumi et al., 

2012). Variations in the effects of probiotics on growth 

performance of broiler chickens may be attributed to 

differences in the strains of bacteria used as dietary 

supplements (Angel et al., 2005; Timmerman et al., 2006; 

O’Dea et al., 2006; Lutful Kabir, 2009; Blajman et al., 

2015 and Olnood et al., 2015). Differences between 

physical and environmental conditions of the trials may 

also bias the results from these studies (Olnood et al., 

2015). Also, an accurate dosage of administration has not 

yet to be established despite the wide use of probiotics 

(Khan et al. 2013; Li et al., 2014; Abu-Akkada and Awad, 

2015 and Getachew, 2016). A continuously giving the 

probiotics via drinking water to the broiler chicken at 

whole breeding period may be more trusted way for taking 

maximum profit from it. 

Adding to feed is the most commonly used method 

for administering probiotic preparations to broiler 

chickens in poultry production. Nevertheless, feed-type 

probiotic products rarely produce optimum results in 

pelletized diets usually fed to broilers (MacDonald and 

Wang, 2011). Probiotic bacteria incorporated into 

crumbles have an increased lifespan than those in 

pelletized feed (Eckert et al., 2010). Only spore forming 

probiotic bacteria can successfully survive in pelletized 

feed. Thus, the best natural solution to challenge the 

stability non-spore forming probiotic bacteria may be used 

in drinking water. However, chlorinated water can decline 

viability of the organisms rapidly (Raevouri et al., 1978). 

It is also in agreement with the researchers who mentioned 

that the best way of the giving non-spore forming 

probiotics to the broiler chickens may be the rote of 

drinking water. 

Nurmi and Rantala (1973) have demonstrated that 

intubation in to the crop is probably the most satisfactory 

method for delivering a gap precise dose of probiotics to 

the animal. However, this route is not an applicable way 

on an industrial scale. Blankenship (1992) suggested that 

spray application of probiotic cultures, either on the 

environment of the birds or on the litter material seems to 

be an effective way of administering probiotic cultures. 

This way can also be applied during the first d of life of 

the chickens in industrial production practices, and it 

appears not to be easy and practical to apply at the farm 

level during rearing period. 

The results of researches available in literature 

involving probiotics are very variable, several factors can 

interfere with the results, such as the type of probiotic, its 

action mode, its interaction with the host and breeding 

environment. There are few studies that demonstrate the 

usefulness of probiotics or CE cultures on growth 

performances (Ştef et al., 2015; Abu- Akkada and Awad, 

2015 and Getachew, 2016). Almost all of the other studies 

have demonstrated at least one positive effect including 

growth promotion of probiotics on the broilers (Mehr et 

al., 2014; Ritzi et al., 2014; Agboola et al., 2015; Zhang et 
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al., 2015; Schneitz et al., 2016 and Erdogmuş et al., 2018). 

In this study, probiotic use had less feed consumption (338 

g), more weight gain (113 g) and less FCR (0.22) than 

Control group (Table 2). The results have demonstrated 

that an efficient result of continuous use of a fresh liquid 

probiotic source at appropriate dose via drinking water 

appears to be alternative to AGPs. The performance results 

were significantly affected by probiotic use. 

The Figures 1 and 2 represent the gut morphological 

structures. No differences were determined or superiority 

between the groups when examined the duodenum 

samples. There was no difference between probiotic group 

and control group aspect of histological structure, which 

were lymph follicles, goblet cells, crypt, submucosa and 

mucosa, in duodenum. The histometric differences 

between the two groups are given in table 3. There was no 

statistical significance in the crypt depth of duodenum and 

ceca between the groups. But, crypt depth of probiotic 

group (1110.46 ± 224.016 µm) was statistically deeper 

than that of Control Group (949.39 ± 114.166 µm) in 

ileum. Mucosa thickness of probiotic group in ceca and 

ileum appeared to be thicker than those of Control Group 

(Table 3). Present results are in aggreement with many 

other researchers who mentioned positive effects of 

probiotics on the gut health and accordingly growth 

performances (Giannanes et al., 2014; Ştef et al., 2015; 

Zhang et al., 2015 and Erdogmus et al., 2018). A good 

histological development in the ileum and ceca in the 

probiotic group chickens may contribute to understand the 

BWG and FCR efficiencies in the group compared to 

Control Group. 

 

CONCLUSION 

 

Based on the findings of the present study, it may be 

concluded that a continuously inclusion of a good blend of 

probiotics at 10
8
 CFU/ml dose in drinking water may 

successively improve the performance and gut health of 

commercial broiler chicks. Therefore, under the conditions 

of the present study, it can be recommended that using a 

freshly produced liquid microbial growth promoter in the 

non-medicated and de-chlorinated water could prove 

highly beneficial for the local broiler producers. It could 

be suggested that further research work should be 

performed to comparatively evaluate the effectiveness of 

freshly produced liquid live microbial cultures with other 

powder forms both as applications in drinking water and 

rations as-post pellet applications. So, replacement of 

AGPs with non-AGP microbial cultures, of broiler meat 

industry and public health safety issues could be more 

lessened. 
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http://eds.b.ebscohost.com.ezproxy.neu.edu.tr:2048/eds/viewarticle/render?data=dGJyMPPp44rp2%2fdV0%2bnjisfk5Ie45PFIrq%2bxS6%2bk63nn5Kx94um%2bSq2srUqup7c4tLCuT7irsji%2fw6SM8Nfsi9%2fZ8oHt5Od8u6O0SLWqtUmxrrM%2b6tfsf7vb7D7i2Lt68t6kjN%2fdu1nMnN%2bGu6u3S7SvtU6xnOSH8OPfjLvm4n7k6%2bqE8tv2jAAA&vid=1&sid=f080ecb8-937c-47c4-be27-44cfd33e4c01@sessionmgr101
http://eds.b.ebscohost.com.ezproxy.neu.edu.tr:2048/eds/viewarticle/render?data=dGJyMPPp44rp2%2fdV0%2bnjisfk5Ie45PFIrq%2bxS6%2bk63nn5Kx94um%2bSq2srUqup7c4tLCuT7irsji%2fw6SM8Nfsi9%2fZ8oHt5Od8u6O0SLWqtUmxrrM%2b6tfsf7vb7D7i2Lt68t6kjN%2fdu1nMnN%2bGu6u3S7SvtU6xnOSH8OPfjLvm4n7k6%2bqE8tv2jAAA&vid=1&sid=f080ecb8-937c-47c4-be27-44cfd33e4c01@sessionmgr101
https://doi-org.ezproxy.neu.edu.tr/10.1093/ps/85.10.1855
http://japsonline.com/admin/php/uploads/359_pdf.pdf
http://spasb.ro/index.php/spasb/article/view/1964/1780
https://doi.org/10.1093/ps/85.8.1383
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Manuscript as Original Research Paper, Short Communication, Case Reports and Review or 
Mini-Review are invited for rapid peer-review publishing in the Journal of World's Poultry 
Research. Considered subject areas include: Husbandry and management; construction, 

environment and welfare; exotic and wild birds; Biochemistry and cellular biology; 
immunology, avian disease control; layer and quail management; nutrition and feeding; 
physiology, genetics, reproduction and hatching; technology, processing and food safety... 
view full aims and scope 
 

Submission 
The manuscript and other correspondence should preferentially be submit online. Please embed all figures and tables in the 
manuscript to become one single file for submission. Once submission is complete, the system will generate a manuscript ID and 
password sent to author's contact emails: editor@jwpr.science-line.com or editorjwpr@gmail.com. All manuscripts must be 
checked (by English native speaker) and submitted in English for evaluation (in totally confidential and impartial way). 
 
Supplementary information:  
The online submission form allows supplementary information to be submitted together with the main manuscript file and covering 
letter. If you have more than one supplementary files, you can submit the extra ones by email after the initial submission. Author 
guidelines are specific for each journal. Our Word template can assist you by modifying your page layout, text formatting, 
headings, title page, image placement, and citations/references such that they agree with the guidelines of journal. If you believe 
your article is fully edited per journal style, please use our MS Word template before submission. 
 
Supplementary materials may include figures, tables, methods, videos, and other materials. They are available online linked to 
the original published article. Supplementary tables and figures should be labeled with a "S", e.g. "Table S1" and "Figure S1". 
The maximum file size for supplementary materials is 10MB each. Please keet the files as small possible to avoid the frustrations 
experienced by readers with downloading large files. 
 
Submission to the Journal is on the understanding that: 
1.The article has not been previously published in any other form and is not under consideration for publication elsewhere; 
2.All authors have approved the submission and have obtained permission for publish work. 
3.Researchers have proper regard for conservation and animal welfare considerations. Attention is drawn to the 'Guidelines for the 
Treatment of Animals in Research and Teaching'. Any possible adverse consequences of the work for populations or individual 
organisms must be weighed against the possible gains in knowledge and its practical applications. If the approval of an ethics 
committee is required, please provide the name of the committee and the approval number obtained. 
 
Ethics Committee Approval 
Experimental research involving animals should have been approved by author's institutional review board or ethics committee. 
This information can be mentioned in the manuscript including the name of the board/committee that gave the approval. The use 
of animals in experiments will have observed the Interdisciplinary Principles and Guidelines for the Use of Animals in Research, 
Testing, and Education by the New York Academy of Sciences, Ad Hoc Animal Research Committee. 
 
Graphical Abstract:  
Authors should provide a graphical abstract (a beautifully designed feature figure) to 
represent the paper aiming to catch the attention and interest of readers. Graphical 
abstract will be published online in the table of content. The graphical abstract should 
be colored, and kept within an area of 12 cm (width) x 6 cm (height) or with similar 
format. Image should have a minimum resolution of 300 dpi and line art 1200dpi.  
Note: Height of the image should be no more than the width. Please avoid putting too 
much information into the graphical abstract as it occupies only a small space. Authors 
can provide the graphical abstract in the format of PDF, Word, PowerPoint, jpg, or png, 
after a manuscript is accepted for publication. For preparing a Professional Graphical 
Abstract, please click here. 
 

Presentation of the article 
 
Main Format:  
First page of the manuscripts must be properly identified by the title and the name(s) of the author(s). 

It should be typed in Times New Roman (font sizes: 17pt in capitalization for the title, 10pt for the 

section headings in the body of the text and the main text, double spaced, in A4 format with 2cm 

margins. All pages and lines of the main text should be numbered consecutively throughout the 

manuscript. The manuscript must be saved in a .doc format, (not .docx files). Abbreviations in the 

article title are not allowed. 

 
Manuscripts should be arranged in the following order: 

 

1. TITLE (brief, attractive and targeted); 

2. Name(s) and Affiliation(s) of author(s) (including post code) and corresponding E-mail; 

3. ABSTRACT; 

4. Key words (separate by semicolons; or comma,); 

JWPR EndNote Style 

Manuscript Template (MS Word) 

Sample Articles 

Declaration form 

Policies and Publication Ethics 

Instructions for Authors 

 

http://jwpr.science-line.com/index.php?option=com_content&view=article&id=30&Itemid=32
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jwpr.science-line.com/attachments/article/5/JWPR%20Template.doc
http://asab.nottingham.ac.uk/downloads/guidelines2006.pdf
http://asab.nottingham.ac.uk/downloads/guidelines2006.pdf
http://jwpr.science-line.com/index.php?option=com_content&view=article&id=31&Itemid=33
http://www.science-line.com/EndNote/J%20World%20Poult%20Res.ens
http://jwpr.science-line.com/attachments/article/5/JWPR%20Template.doc
http://jwpr.science-line.com/index.php?option=com_content&view=article&id=2&Itemid=11
http://jwpr.science-line.com/attachments/article/5/Declaration%20form,%20JWPR.pdf
http://www.science-line.com/index/index.php?option=com_content&view=article&id=17&Itemid=16
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5. Abbreviations (used in the manuscript); 

6. INTRODUCTION; 

7. MATERIALS AND METHODS; 

8. RESULTS; 

9. DISCUSSION; 

10. CONCLUSION; 

11. Acknowledgements (if there are any); 

12. Declarations 

13. REFERENCES; 

14. Tables; 

15. Figure captions; 

16. Figures; 
 
Results and Discussion can be presented jointly. 
Discussion and Conclusion can be presented jointly. 
 
Article Sections Format: 
 
Title should be a brief phrase describing the contents of the paper. The first letter of each word in title should use upper case. The 
Title Page should include the author(s)'s full names and affiliations, the name of the corresponding author along with phone and e-
mail information. Present address (es) of author(s) should appear as a footnote. 
 
Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments, 
indicate significant data, and point out major findings and conclusions. The abstract should be 150 to 300 words in length. 
Complete sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense. 
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited. 
Following the abstract, about 3 to 8 key words that will provide indexing references should be listed.  
 
Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach or 
solution. It should be understandable to colleagues from a broad range of scientific disciplines. 
 
Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures 
should be described in detail; previously published procedures should be cited, and important modifications of published 
procedures should be mentioned briefly. Capitalize trade names and include the manufacturer's name and address. Subheadings 
should be used. Methods in general use need not be described in detail. The ethical approval for using animals in the researches 
should be indicated in this section with a separated title. 
 
Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in 
the author(s)'s experiments. Previously published findings should be written in the present tense. Results should be explained, but 
largely without referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the 
results but should be put into the discussion section. 
 
Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the 
conclusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when 

appropriate, both sections can be combined. 
 
Conclusion can be presented jointly. 
 
Declarations including Ethics, Consent to publish, Competing interests, Authors' contributions, and Availability of data and 
materials are necessary. 
 
Acknowledgments of persons, grants, funds, etc. should be brief. 
Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced 
throughout, including headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic 
numerals and supplied with a heading and a legend. Tables should be self-explanatory without reference to the text. The details of 
the methods used in the experiments should preferably be described in the legend instead of in the text. The same data should not 
be presented in both table and graph forms or repeated in the text. 
 
Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications capable of 
generating high resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use Arabic numerals 
to designate figures and upper case letters for their parts (Figure 1). Begin each legend with a title and include sufficient 
description so that the figure is understandable without reading the text of the manuscript. Information given in legends should 
not be repeated in the text. 
 
Declarations section - Please include declarations heading 

Please ensure that the sections: 
-Ethics (and consent to participate) 
-Consent to publish 
-Competing interests 
-Authors' contributions 

-Availability of data and materials 
are included at the end of your manuscript in a Declarations section. 
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Consent to Publish 
Please include a „Consent for publication‟ section in your manuscript. If your manuscript contains any individual person‟s data in 
any form (including individual details, images or videos), consent to publish must be obtained from that person, or in the case of 
children, their parent or legal guardian. All presentations of case reports must have consent to publish. You can use your 
institutional consent form or our consent form if you prefer. You should not send the form to us on submission, but we may 
request to see a copy at any stage (including after publication). If your manuscript does not contain any individual persons data, 
please state “Not applicable” in this section. 
 
Authors’ Contributions 
For manuscripts with more than one author, JWPR require an Authors' Contributions section to be placed after the Competing 
Interests section. 
An 'author' is generally considered to be someone who has made substantive intellectual contributions to a published study. To 

qualify as an author one should 1) have made substantial contributions to conception and design, or acquisition of data, or analysis 
and interpretation of data; 2) have been involved in drafting the manuscript or revising it critically for important intellectual 
content; and 3) have given final approval of the version to be published. Each author should have participated sufficiently in the 
work to take public responsibility for appropriate portions of the content. Acquisition of funding, collection of data, or general 
supervision of the research group, alone, does not justify authorship. 
We suggest the following format (please use initials to refer to each author's contribution): AB carried out the molecular genetic 
studies, participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in 
the sequence alignment. ES participated in the design of the study and performed the statistical analysis. FG conceived of the 
study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final 
manuscript. For authors that equally participated in a study please write 'All/Both authors contributed equally to this work.' 
Contributors who do not meet the criteria for authorship should be listed in an acknowledgements section. 
 
Competing Interests 
Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript 
should be declared in a paragraph heading "Competing interests" (after Acknowledgment section and before References). 
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no 
competing interest, please use the statement "The authors declare that they have no competing interests.". 
Journal World's Poultry Research adheres to the definition of authorship set up by The International Committee of Medical Journal 
Editors (ICMJE). According to the ICMJE authorship criteria should be based on 1) substantial contributions to conception and 
design of, or acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it critically for important 
intellectual content and 3) final approval of the version to be published. Authors should meet conditions 1, 2 and 3. 
It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript. Contributors who do 
not qualify as authors should be mentioned under Acknowledgements. 
 
Change in authorship 
We do not allow any change in authorship after provisional acceptance. We cannot allow any addition, deletion or change in 
sequence of author name. We have this policy to prevent the fraud. 
 
Acknowledgements 
We strongly encourage you to include an Acknowledgements section between the Authors‟ contributions section and Reference list. 
Please acknowledge anyone who contributed towards the study by making substantial contributions to conception, design, 
acquisition of data, or analysis and interpretation of data, or who was involved in drafting the manuscript or revising it critically for 
important intellectual content, but who does not meet the criteria for authorship. Please also include their source(s) of funding. 
Please also acknowledge anyone who contributed materials essential for the study. 
Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements. Please list the source(s) of 
funding for the study, for each author, and for the manuscript preparation in the acknowledgements section. Authors must 
describe the role of the funding body, if any, in study design; in the collection, analysis, and interpretation of data; in the writing 
of the manuscript; and in the decision to submit the manuscript for publication. 
 
Data Deposition 
Nucleic acid sequences, protein sequences, and atomic coordinates should be deposited in an appropriate database in time for the 
accession number to be included in the published article. In computational studies where the sequence information is unacceptable 
for inclusion in databases because of lack of experimental validation, the sequences must be published as an additional file with 
the article. 
 
References:  

A JWPR reference style for EndNote may be found here. 

1. All references to publications made in the text should be presented in a list with their full bibliographical description. DOI 

number or the link of article should be added to the end of the each reference. 
2. In the text, a reference identified by means of an author„s name should be followed by the date of the reference in 

parentheses. When there are more than two authors, only the first author„s surname should be mentioned, followed by ‟et al„. 
In the event that an author cited has had two or more works published during the same year, the reference, both in the text 
and in the reference list, should be identified by a lower case letter like ‟a„ and ‟b„ after the date to distinguish the works. 

3. References in the text should be arranged chronologically (e.g. Kelebeni, 1983; Usman and Smith, 1992 and Agindotan et al., 

2003). The list of references should be arranged alphabetically on author's surnames, and chronologically per author. If an 
author's name in the list is also mentioned with co-authors, the following order should be used: Publications of the single 
author, arranged according to publication dates - publications of the same author with one co-author - publications of the 
author with more than one co-author. Publications by the same author(s) in the same year should be listed as 1992a, l992b, 
etc. 

4. Names of authors and title of journals, published in non-latin alphabets should be transliterated in English. 
5. A sample of standard reference is "1th Author surname A, 2th Author surname B and 3th Author surname C (2013). Article 

title should be regular and 9 pt. Journal of World`s Poultry Research, Volume No. (Issue No.): 00-00." DOI:XXX." 
6. Journal titles should be full in references. The titles should not be italic.  
7. References with more than 10 authors should list the first 10 authors followed by 'et al.' 
8. The color of references in the text of article is blue. Example: (Preziosi et al., 2002; Mills et al., 2015). 

http://www.science-line.com/EndNote/J%20World%20Poult%20Res.ens
http://www.science-line.com/EndNote/J%20World%20Poult%20Res.ens
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-Examples (at the text): 

Abayomi (2000), Agindotan et al. (2003), Vahdatpour and Babazadeh (2016), (Kelebeni, 1983), (Usman and Smith, 1992), 
(Chege, 1998; Chukwura, 1987a,b; Tijani, 1993, 1995), (Kumasi et al., 2001). 
 
--Examples (at References section): 

a) For journal: 
Lucy MC (2000). Regulation of ovarian follicular growth by somatotropin and insulin- like growth factors in cattle. Journal of Dairy 

Science, 83: 1635-1647. 
Kareem SK (2001). Response of albino rats to dietary level of mango cake. Journal of Agricultural Research and Development. pp 

31-38. DOI:XXX. 
Chikere CB, Omoni VT and Chikere BO (2008). Distribution of potential nosocomial pathogens in a hospital environment. African 

Journal of Biotechnology, 7: 3535-3539. DOI:XXX. 
Tahir Khan M, Bhutto ZA, Abbas Raza SH, Saeed M, Arain MA, Arif M, Fazlani SA, Ishfaq M, Siyal FA, Jalili M et al. (2016). 

Supplementation of different level of deep stacked broiler litter as a source of total mixed ration on digestibility in sheep and 
their effects on growth performance. Journal of World`s Poultry Research, 6(2): 73-83. DOI: XXX 

 
b) For symposia reports and abstracts: 
Cruz EM, Almatar S, Aludul EK and Al-Yaqout A (2000). Preliminary Studies on the Performance and Feeding Behaviour of Silver 

Pomfret (Pampus argentens euphrasen) Fingerlings fed with Commercial Feed and Reared in Fibreglass Tanks. Asian Fisheries 
Society Manila, Philippine 13: 191-199. 

 
c) For edited symposia, special issues, etc., published in a journal: 
Korevaar H (1992). The nitrogen balance on intensive Dutch dairy farms: a review. In: A. A. Jongebreur et al. (Editors), Effects of 

Cattle and Pig Production Systems on the Environment: Livestock Production Science, 31: 17-27. 
 
d) For books: 
AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88. 

Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603. 
 
e) Books, containing sections written by different authors: 
Kunev M (1979). Pig Fattening. In: A. Alexiev (Editor), Farm Animal Feeding. Vol. III. Feeding of Different Animal Species, 

Zemizdat, Sofia, p. 233-243 (Bg). In referring to a personal communication the two words are followed by the year, e.g. 
(Brown, J. M., personal communication, 1982). In this case initials are given in the text. 

 
Nomenclature and Abbreviations:  
Nomenclature should follow that given in NCBI web page and Chemical Abstracts. Standard abbreviations are preferable. If a new 

abbreviation is used, it should be defined at its first usage. Abbreviations should be presented in one paragraph, in the format: 
"term: definition". Please separate the items by ";".  

 
E.g. ANN: artificial neural network; CFS: closed form solution; ... 
Abbreviations of units should conform with those shown below: 
Decilitre dl Kilogram kg 
Milligram mg hours h 
Micrometer mm Minutes min 
Molar mol/L Mililitre ml 
Percent  %   
 
Other abbreviations and symbols should follow the recommendations on units, symbols and abbreviations: in “A guide for 
Biological and Medical Editors and Authors (the Royal Society of Medicine London 1977). 
Papers that have not been published should be cited as “unpublished”. Papers that have been accepted for publication, but not yet 
specified for an issue should be cited as “to be published”. Papers that have been submitted for publication should be cited as 
“submitted for publication". 

 
Formulae, numbers and symbols: 

1. Typewritten formulae are preferred. Subscripts and superscripts are important. Check disparities between zero (0) and 
the letter 0, and between one (1) and the letter I. 

2. Describe all symbols immediately after the equation in which they are first used. 
3. For simple fractions, use the solidus (/), e.g. 10 /38. 
4. Equations should be presented into parentheses on the right-hand side, in tandem. 
5. Levels of statistical significance which can be used without further explanations are *P < 0.05, **P < 0.01, and ***P < 

0.001 
6. In the English articles, a decimal point should be used instead of a decimal comma. 
7. In chemical formulae, valence of ions should be given, e.g. Ca2+ and CO32-, not as Ca++ or CO3. 
8. Numbers up to 10 should be written in the text by words. Numbers above 1000 are recommended to be given as 10 

powered x. 
9. Greek letters should be explained in the margins with their names as follows: Αα - alpha, Ββ - beta, Γγ - gamma, Γδ - 

delta, Δε - epsilon, Εδ - zeta, Ζε - eta, Θζ - theta, Ηη - iota, Θθ - kappa, Ιι - lambda, Κκ - mu, Λλ - nu, Μμ - xi, Νν - 
omicron, Ξπ - pi, Οξ - rho, Πζ - sigma, Ρη - tau, υ - ipsilon, Φθ - phi, Σχ - chi, Τψ - psi, Υω - omega. 

. 
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Review/Decisions/Processing 
 
Firstly, all manuscripts will be checked by Docol©c, a plagiarism finding tool. A single blind reviewing model is used by JWPR for 
non-plagiarized papers. The manuscript is edited and reviewed by the English language editor and three reviewers selected by 
section editor of JWPR respectively. Also, a reviewer result form is filled by reviewer to guide authors. Possible decisions are: 
accept as is, minor revision, major revision, or reject. See sample of evaluation form. Authors should submit back their revisions 
within 14 days in the case of minor revision, or 30 days in the case of major revision.  

To submit a revision please sign in here, fill out the form, and mark " Revised", attach the revision (MS word) and continue 

submission. After review and editing the article, a final formatted proof is sent to the corresponding author once again to apply all 
suggested corrections during the article process. The editor who received the final revisions from the corresponding authors shall 
not be hold responsible for any mistakes shown in the final publication. Manuscripts with significant results are typically reviewed 
and published at the highest priority. 
 
Plagiarism: There is a zero-tolerance policy towards plagiarism (including self-plagiarism) in our journals. Manuscripts are 
screened for plagiarism by Docol©c a plagiarism finding tool, before or during publication, and if found they will be rejected at any 
stage of processing. See sample of Docol©c-Report.  
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After manuscript accepted for publication, a declaration form will be sent to the corresponding author who that is responsible to 
coauthors' agreements to publication of submitted work in JWPR after any amendments arising from the peer review. 
 
Date of issue 
The journal will be issued on 25th of March, June, September and December, each year. 
 
Publication charges 
No peer-reviewing charges are required. However, there is a 90 Euro(€) editor fee for the processing of each primary accepted 
paper. Payment can be made by credit card, bank transfer, money order or check. Instruction for payment is sent during 
publication process as soon as manuscript is accepted. Meanwhile this journal encourages the academic institutions in low-income 
countries to publish high quality scientific results, free of charges. 
 
The Waiver policy 

The submission fee will be waived for invited authors, authors of hot papers, and corresponding authors who are editorial board 
members of the Journal of World's Poultry Research. The Journal will consider requests to waive the fee for cases of financial 
hardship (for high quality manuscripts and upon acceptance for publication). Requests for waiver of the submission fee must be 
submitted via individual cover letter by the corresponding author and cosigned by an appropriate institutional official to verify that 
no institutional or grant funds are available for the payment of the fee. Letters including the manuscript title and manuscript ID 
number should be sent to: editor [at] jwpr.science-line.com. It is expected that waiver requests will be processed and authors will 
be notified within two business day. 
 
The OA policy 
Journal of World's Poultry Research is an open access journal which means that all content is freely available without charge to the 
user or his/her institution. Users are allowed to read, download, copy, distribute, print, search, or link to the full texts of the 
articles, or use them for any other lawful purpose, without asking prior permission from the publisher or the author. This is in 
accordance with the BOAI definition of Open Access. 
 

Paper Submission Flow 
 
Submission Preparation Checklist 
 

 Authors are required to check off their submission's compliance with all of the following items, and 
submissions may be returned to authors that do not adhere to the following guidelines.  

 The submission has not been previously published, nor is it before another journal for consideration 

(or an explanation has been provided in Comments to the Editor). 

 The submission file is in Microsoft Word, RTF, or PDF document file format. 

 Where available, URLs for the references have been provided. 

 The text is single-spaced; uses a 12-point font; and all illustrations, figures, and tables are placed 
within the text at the appropriate points, rather than at the end. 

 The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines. 
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