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ABSTRACT 
Poultry production has great deal of socio-economic and nutritional impact in society of Pakistan. About 

10% annual growth in poultry sector of the country has led to the production of huge amount of wastes in 

the form of litter, dead birds and hatchery waste etc. To minimize the environmental and biological hazards 

associated with the improper disposal of different forms of poultry waste, it may be recycled to compost. 

In pursuance of afore mentioned scenario, the current study was planned to prepare and evaluate different 

types of poultry waste composts and their further utilization as a poultry feed ingredient. The study was 

executed in 2 phases, in first phase, four different types of composts were prepared i.e., from dead birds, 

hatchery waste, offal’s and their blend in equal proportion using bin and windrow systems. For this 

purpose, twelve composting bins each measuring 7W × 6D × 5H and having 3 compartments (Primary, 

secondary and curing) were loaded with 5 consecutive layers of each poultry waste material and bulking 

agent (litter material). Similar method was followed to setup windrow compost system. Results revealed 

that dead bird’s compost was found superior in term of proximate composition (DM=86.55, CP=16.1, 

EE=5.09 and ME=1848), amino acid and mineral profile (N=2.54, K=1.38, P= 0.98 and Ca=0.60) along 

with the least pathogenic load as compared to other waste materials, particularly when processed in bin 

composting method. In 2nd part of phase I, three different inoculants (bio-catalysts) i.e., Lactobacillus 

lecheniformus, Bacillus subtilis and mixture of both were applied at three different concentrations (5, 10 

and 15%) in composting of dead birds to optimize the composting duration and to enhance the quality of 

the end product. Recorded data were analyzed by one-way ANOVA under CRD. Results showed that the 

consortium of Lactobacillus lecheniformus,+Bacillus subtilis at 10% concentration not only expedite the 

composting process from 45 to 32 days but also enhanced the quality (DM=90.70, CP=20.471, EE=6.23 

and ME=2506) of end product in comparison to solitary sway of these bio-catalyst. During phase II, two 

biological trials were performed to evaluate the effect of varying dietary levels of dead bird’s compost in 

diet, on production performance, immune response and economic efficiency of commercial layer and 

broiler birds. Experimental diets in both trials were comprised of increasing level of inoculated compost 

i.e., Control (0%), D1 (3%), D2 (6%), D3 (9%) and D4 (12%) balanced on Win-Feed 2.8 software to make 

it iso-caloric and iso-nitrogenous. Data recorded in each trial were analyzed through one-way ANOVA 

using SAS 9.1 software. In first trial, a total of 270 LSL-lite white eggs laying birds were assigned 5 dietary 

treatments for the period of 28 to 40 weeks. Each treatment had 6 replicates of 9 birds in each Techno 

Battery Cage System. Results revealed, improved performance in term of (P<0.05) egg production, egg 

weight, feed efficiency and livability (%) in control group.  Egg morphometric traits including shape index, 

shell strength, yolk index and immune response against NDV remained non-significant, although slightly 

better Haugh unit was observed in control group. A slight downward trend in egg sensory characteristic 

was recorded with increasing level of compost in diet. However, no marked effect (P>0.05) of dietary 

compost inclusion was observed on cost per dozen eggs production which indicate that compost can be 

utilized in layer feed up to 9% without much adverse effects on production performance, egg morphometric 

traits, egg sensory characteristics and immune response of laying hens even at peak production. In trial-II, 

300 day old broiler chicks (Arbor Acres plus) were subjected to 5 treatment groups with 6 replicates each 

containing 10 chicks, under CRD for period of 35 days. The results showed that weight gain, carcass yield, 

breast and thigh yield were significantly (P<0.05) higher in control groups birds (C), while no marked 

(P>0.05) differences were observed in giblets weight, immune response, mortality%, FCR and feed 

cost/Kg meat production among all dietary group birds. Compost addition up to 12% showed marked 

decrease in weight gain and carcass yield, with significant increase in cumulative feed intake (CFI). 

Moreover, control and D1 group showed similar scores for organoleptic traits but values tended to decline 

with increasing compost addition in the diet. Furthermore, no marked (P>0.05) effect of compost addition 

was observed on NDV antibody titers among all treatment groups. It can be concluded that compost can 

be added up 3% in broiler ration without making much compromise on growth performance, carcass 

characteristics and immune response of birds. Moreover, utilization of compost in broiler and layer rations 

can reduce environmental pollution and meat and egg cost of production. 

Key words: poultry waste, compost, inoculation, broiler, layer, performance, carcass characteristics, 

immune response.  
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CHAPTER 1 

INTRODUCTION 

Poultry sector is one of the well-organized, vibrant and fastest growing division of the agriculture industry 

in Pakistan. During the past few decades, the poultry industry has seen an overwhelming progress in 

commercial broiler farming along with a rapid development of commercial hatcheries (Ahmad et al. 2008). 

Although this progression is essential to cater the needs of our growing population, but, it also come up 

with the production of huge poultry waste i.e., dead birds, poultry bedding, offal’s, hatchery wastes. In 

Pakistan, broiler population is around 1.5 billion/annum with 4-5 % average mortality during rearing, 

resulting into production of 48 million Kg or 48M ton/annum dead birds (PPA, 2020). The situation 

become worse in case of any viral disease outbreak like Newcastle Disease or Avian Influenza and 

mortality (%) may climb up to 50-75% (Bukhari et al. 2017). Such types of dead birds are the reservoir of 

disease spread, so the safe ditching of these mortalities is a big task. In the current scenario, to obtain 1.5 

billion DOC, 1.75 billion hatch-able eggs are set in the hatcheries which may produce 18 million kg 

hatchery waste per year (PPA, 2020). Moreover, the processing of these broiler produce huge amount of 

visceral organs as waste product (Ferreira et al. 2018). These mammoth poultry waste materials may pose 

serious health risks if not disposed-off properly.  

All over the world different methods are used for proper disposal of poultry wastes (mortality, visceral 

organs and feathers) including incineration, burial, rendering and composting, each having its own merits 

and demerits. Incineration is not eco-friendly and costly as highly efficient incinerators are required for 

proper disposal of wastes (Blake and Donald 2002; Joardar and Rahman 2018). Burial method promotes 

pathogens and other harmful components of poultry by-products to contaminate the underground water by 

decomposition and deteriorate soil quality (Calleja-Cervantes et al. 2015). Similarly, rendering process 

also required specialized built equipment followed by laborious steps to carry out the process of rendering. 

Through composting, these massive poultry wastes can be disposed-off properly into highly enriched end 

product along with reduction in environmental risks. 

Composting is a natural aerobic biological process carried out by complex microbial communities and 

specific corresponding enzymes by microbes i.e., bacteria, fungi and protozoa that decompose organic 

waste material (Wei et al. 2018; Asses et al. 2019). This process has numerous advantages over other 

disposal methods like bulk and mass reduction, less laborious, decrease of carbon to nitrogen ratio (C/N) 

and sanitation management (Abdelhamid et al., 2004). Moreover, composting has been regarded as an 

environment friendly and potentially safe alternate method to manage and dispose of these waste materials 

(Salminen and Rintala 2002). During the process of composting, high temperature not only kill both animal 

and human related pathogens but also reduce the concentration of most organic pesticides (Kawata et al. 

2006; Kumar et al. 2007; Wilkinson et al. 2011). Therefore, a comparatively germ free, less toxic and 

environment friendly product is obtained, which minimizes chances of pathogen spread in the environment 

and is considered safe for addition in animal diet (Wilkinson et al. 2011). 

Composting of dead birds is time dependent process; it requires almost 70 days for completion (Bukhari 

et al. 2017) which hinders its application at poultry farm level. Different strategies are in practice to 

accelerate the composting process including use of enzymes and microbial products containing different 

species of bacteria and may reduce the time of composting process as microbes are the major steering force 

behind the decomposition and stabilization of organic matter in compost process (Wei et al. 2018). Several 

studies have also shown that inoculation with exogenous microbes during composting have promoted the 

decomposition of organic waste (Vargas-Garcia et al. 2007) in comparatively short time as inoculation 

promotes bio-degradation of organic matter and accelerate composting process (Ghaffari et al. 2011). 

Other primary advantage of microbial inoculation include their capability to release enzymes that can 

readily breakdown and hydrolyze complex bonds in proteins like keratin and ligno-cellulose to their 

simpler monomers for further metabolism (Zhao et al. 2017). Several studies conducted on application of 

actinomycetes and Bacillus spp. as inoculant have proven fruitful results in manure composting but their 

use in dead birds composting is unknown. Use of Bacillus spp. (Lactobacillus licheniformis and Bacillus 

subtilus) as biocatalysts can be advantageous as their ability to produce spore under extreme temperature 
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which can help to resist harsh environments during thermophilic phase in compost process (Zhao et al. 

2017). Isolated strains of Bacillus spp. like Lactobacillus spp. and Bacillus subtilis can trigger 

decomposition during hemophilic stages of composting (Pal et al. 2010). Moreover, advantage of selecting 

Lactobacillus licheniformis as an inoculant is its known facultative anaerobic nature, compared to rest of 

Bacillus spp. which are strictly aerobic in their ecological niche. However, no literature prevails regarding 

synergistic microbial effects of different inoculant strains and their different dose rates on duration of 

compost process and on quality of end product.  

Pakistan being a highly populated country, agriculture lands are subjected to extensive use for cultivation 

of crops to meet food challenges both for human and animals. Despite having high yielding varieties of 

maize and extensive use of fertilizers, grains production in Pakistan is still not enough to meet requirements 

of human and animals. In prevailing scenario, to fulfil the meal and grain supply of poultry industry, 

poultry wastes can be used as a source of protein, minerals and other nutrients (Tadele, 2015) because of 

their high nutritional value (Olumayowa and Abiodun 2011). However, direct use of fresh poultry waste 

in animal feed or as fertilizer is not encouraged due to inappropriate C/N ratio, presence of pesticides 

remnants, harmful pathogens and other safety concerns hinder its acceptability as a new feed resource 

(Rothrock et al. 2008; Bolan et al. 2010), undesirable odor and scarcity of digestible nutrients that may 

cause phyto-toxicity (Chaudhry et al. 2013). It is evident from research that poultry-waste recycling has 

no potential health concerns (Fontenot et al. 1975) provided these wastes are properly processed and 

balanced carefully in ration (Muller, 1982; Tadele, 2015). Processed animal waste, such as chicken manure, 

hatchery waste and dead birds have been used as animal feed ingredient for decades (Bolan et al. 2010). 

Utilization of dead hens and rendered spent hens as a feed source is well documented in the literature 

(Douglas and Parsons 1999; Xavier et al. 2011) and a lot of work has been done on feeding compost to 

ruminants, but a few literature prevails with regard to use of compost in poultry feed (Capucille et al. 

2004).  

Keeping in view, the preceding inconsistent view point and conflicting research reports on the 

subject, it seemed necessary to undertake the present study to examine the possibility of bio-catalytic 

inoculation on poultry waste compost and its prospect as alternate feed ingredient in poultry diet with the 

following objectives: 

 To assess the physio chemical and microbiological properties of various poultry waste materials in 

various composting methods. 

 To investigate the effect of different levels of bio-catalysts on duration, quality and microbial profile 

of dead bird compost 

 To evaluate the effects of feeding varying levels of poultry compost on overall performance of 

commercial broiler and layer birds.
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CHAPTER 2 

REVIEW OF LITERATURE 

Pakistan poultry industry is shaping well when it is compared to other allied industries due to its vibrant 

growth. Although, it seems to be a good prospect to cater the need of our mushrooming population yet 

certain safe and useful methods need to develop for its disposal of wastes i.e. dead birds, poultry bedding, 

offal’s, hatchery wastes. According to Economic survey of Pakistan (2018-19), cumulative investment in 

poultry industry is more than 750 Billion rupees. Thus, making a tremendous contribution by bridging up 

the gap of available protein by providing a relatively cheap and healthy animal protein source while 

keeping in check on the soaring prices of animal protein for the masses. This industry not only creates 

employment opportunities but also generates income source for roughly 1.6 million people of the country 

directly or indirectly. Poultry Industry contributes in agriculture sector by 5.7%, livestock by 10.4% and 

GDP by 1.2% which is increasing constantly each year. Its inherent potential can be assumed by a robust 

growth at 10% to 12% annually (ESP, 2018-19). Poultry sector in Pakistan has proliferated tremendously 

in previous years making it Pakistan’s 2nd largest industry after textiles industry having a splendid turnover 

of approximately 5.64 trillion PKR (PPA, 2019). The last one and half decade has seen mammoth capital 

investment in the poultry industry, particularly in environment control housing, hatcheries and feed 

milling. 

However, this mushrooming growth of broiler industry has resulted in production of 60 million Kg or 60M 

ton/annum of dead birds’ waste which may worsen the situation in case of any disease outbreak like New 

Castle Disease or Avian Influenza when morality (%) may climb up to 50-75% (Bukhari et al. 2017). To 

obtain 1.5 billion DOC with standard 80% hatchability, 1.75 billion hatch-able eggs (PPA, 2019) are also 

set in hatcheries which may produce 18 million kg hatchery waste per year. Improper disposal of these 

wastes contributes to the degradation and contamination of environment and surrounding ecosystem 

(Coufal et al. 2006). 

2.1. Poultry waste 
Economically and environmentally acceptable manner of wastes disposal is a critical issue faced by most 

modern poultry industry (Tesfaye et al. 2017). In routine, different types of organic wastes such as, animal 

dung, municipal solid wastes, sewage sludge, poultry manure, dead animals, hatchery waste and offal’s 

from wet broiler market, are produced (Bernal et al. 2009, Bolan et al. 2010). This huge quantity of waste 

materials that are produced, if not dispose-off properly may not only produce serious animal and human 

health hazards but also put deleterious effects on environment (Ahmad et al. 2008). Poultry industry is 

associated with the production of different wastes e.g. hatchery wastes, manure (bird droppings), poultry 

farm litter materials (bedding materials including rice husk as rice industry byproduct, wood shavings and 

sawdust, corn cob pulp and wheat straws), and dead birds (Irfan et al. 2019). Live poultry markets and 

processing units result in production of additional waste materials that include offal’s (feathers, bones and 

organs of these slaughtered chicken), processing bio-solids and waste water. These waste materials can 

provide valuable organic and inorganic nutrients if managed and recycled properly. However, improper 

recycling also highlights the potential risks towards environmental and animal health concerns as end 

product may contain detrimental compounds (including drug residues), vectors for vermin and insects, and 

pathogenic microorganisms. 

2.2. Traditional disposal methods 

Although different methods are adopted to dispose-off poultry waste materials, still majority of these 

wastes are thrown in open (Medina, 2002; Brewer and Sullivan, 2003). Over the time, different methods 

like burial, landfills, incineration, rendering, and preservation techniques have been adopted as 

predominant methods of waste disposal. On-farm burial method is acknowledged as the most cost-effective 

and easiest way of dealing with dead bird’s carcass disposal where a pit or ditch is made in far corner of 

the farm and filled with dead birds; however, this practice creates nuisance complaints. Landfill method is 

one of primitive methods that have been used extensively for poultry wastes disposal; however, this may 

pollute environment and endanger the health of domestic livestock (Bonhotal, 2008). Incineration is 

regarded among the safest methods of poultry wastes disposal by which poultry mortaliy could be easily 



REVIEW OF LITERATURE 

4 

handled without harming the environment and underneath water quality with least chances of human 

exposure to pathogens. Incinerators work at high temperature and convert organic waste into CO2, CO, 

NO2 and water vapors (Castaldi et al. 2005; Favoino et al. 2008). Although, the end product of incineration 

or burning is very bio-secure; however, there are some environmental and logistical issues associated with 

this option (Malone, 2006).  

Rendering provides environmentally acceptable means of recycling poultry carcasses (NABC, 2004). The 

cooking step in the rendering process destroys pathogenic microorganisms and produces a safe animal feed 

ingredient (NRC, 1994). However, financing and running expenditure of such rendering units and the risk 

of spreading disease are growing concerns with this disposal option (Parsons and Ferket 1988). On-farm 

freezers or preservation techniques have been used for short term storage of poultry carcasses where 

carcasses are held in the freezers until they are picked up by the integrator and transported to a rendering 

plant. Although, it is a good method to ensure protection of surface and ground water; however, costs 

associated with the on-farm refrigeration and transportation need careful consideration (Castaldi et al. 

2008). Crews et al. (1994) indicated that on-farm refrigeration is much more costly than incineration, 

burial, and composting. Therefore, alternative, environmentally acceptable carcass disposal route, with 

potential benefits, is essential to run any poultry farm operation. Composting of litter and dead birds 

appears to be the logical solution for this problem (Kelleher et al. 2002; Kumar et al. 2007). 

2.3. Composting 

Scientific, systemized and harmless removal of organic waste is increasing day by day in this modern 

period of technology (Gonzalez et al. 2010). Composting appears to be one of the most riveting approach 

currently for poultry waste disposal (Zheng et al. 2010).It is regarded as a safe alternative method to 

convert litter, dead birds and eggshell wastes into a marketable and beneficial end product having fair 

amount of nutrients (Kemper and Goodwin, 2009). Composting is a thermophilic bio-degradation process 

in which beneficial microorganisms reduce and transform organic wastes, such as poultry mortality and 

litter, into a useful end product (Turan, 2009). Traditionally, composting has been adopted to process 

animal waste materials for agriculture land application as fertilizers but these wastes can be processed to 

use in animal diet (Castaldi et al. 2005). Composting is a beneficial process because high temperature 

during composting destroys animal and human pathogens (Kumar et al. 2007; Wilkinson et al. 2011) and 

reduces the concentration of most organic pesticides (Kawata et al. 2006). Therefore, a comparatively germ 

free, less toxic and environment friendly product is obtained. The final product has typical commercial 

properties as it can be stored in bulk, has no offensive odor and is easy to handle. Many researchers have 

composted litter to reduce pathogens (Anderson, 1990) and residues of aflatoxin (Hendrickson and Grant, 

1971). They concluded that compost litter minimizes chances of pathogens spread in the environment and 

is safe for animal consumption on certain level (Wilkinson et al. 2011). 

High temperature during litter composting kills both animal and human pathogens (Kumar et al. 2007; 

Wilkinson et al. 2011) and decrease the concentration of most organic pesticides (Kawata et al. 2006). 

Composting can reduce coliform bacteria in offal to 97% (Bary and Miles 2001). Das et al. (2002) also 

reported that 99.9% E. coli and 100%salmonella were neutralized when hatchery waste was processed 

under bin composting technique. The cost of compost is significantly less as compared to others if 

appropriate sources are used (Bary and Miles 2001). 

2.4. Use of Inoculants in composting 

Composting is naturally a slow process and required around 70 days for its completion (Bukhari et al. 

2017). As the time is passed, emission of gases like NH3, lower the nitrogen contents of compost and 

resultant product may be of inferior quality in terms of nutrient (Nair and Okamitsu 2010). Now a day’s 

research is focused on enhancing the rate of decomposition by inoculation with specific microorganisms 

(Karnchanawong and Nissaikla 2014). Many efforts have been made to accelerate the composting process 

and shrink its maturation period (Ahmed, 2012). Among various attempts, microbial inoculation is one 

attempt that can propagate the microbial population, generate various desired enzymes and improve quality 

of end product by degradation of organic materials (Ohtaki et al. 1998). Studies have revealed that use of 

inoculants can accelerate the bio-degradation and decomposition of organic matter to enhance the nutrients 

quality of compost (Barrena et al. 2006), especially during first thermophilic stages of compost after 
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inoculation (Bolta et al. 2003), which was possibly due to the improvement of microbial activity in 

compost (Jouraiphy et al. 2005; Vargas-Garcıa et al. 2007). According to Balasundaran (2008), 

decomposition of organic waste can be triggered by adding inoculum of decomposer microorganisms. 

Ohtaki et al. (1998) stated that inoculation increased the microbial population which enhanced the 

conversion of organic matter and reduced odorous gas emissions. Xi et al. (2005) also reported that treating 

the organic wastes with consortium of decomposing bacterial strains, proved to be very beneficial in 

accelerating the degradation and stabilizing composting process. Inoculation is equally effective in bin 

composting as well as windrow compost system (Vargas-Garcıa et al. 2007). Vargas-Garcıa et al. (2007) 

also determined the impact of microbial inoculation on composting using the windrow method and found 

it beneficial for the properties end product of compost. Tsai et al. (2007) reported that inoculation with 

thermo-tolerant microbes enhance decomposition of animal waste and shorten the maturation time in bin 

composting. However, Wei et al. (2018) studies the effects of mixed bacterial solution (Bacillus spp., 

Aspergillus spp., Clostridium spp., Cellulomonas spp. Penicillium spp., Pseudomonas spp. and 

Trichoderma spp.) as consortium on animal waste material and found no apparent differences in compost 

quality with added culture.  

Among various bio-catalysts required to trigger slow process of composting, most of them are found in 

compost feed stock itself, which ensure an active microbial activity during compost process 

(Karnchanawong and Nissaikla 2014). According to Xi et al. (2005), inoculation efficiency is affected by 

the competition of added inoculant with indigenous microorganisms and fluctuations in temperature during 

various phases of the compost process (Neklyudov et al. 2006). On that account, choosing suitable 

microbes is a pivotal step for better efficacy of inoculation process. More than 69 % of the bacterial isolates 

belong to the genus Bacillus, while other isolates belong to Thiobacillus (2%), Lactobacillus spp. (2%) 

and Cellulomonas (2%) (Balasundaran, 2008). In the previous studies, only routine variables of compost 

process and differences of inoculated and non-inoculated parameters are monitored and studied, but the 

impact of different inoculant with different dosages on compost quality and results of end product in 

poultry diet has not been reported. 

This indicated that inoculation technique with suitable microbes were helpful in expediting the compost 

process, as it significantly lowered the ammonia contents (NH4+ ions) during the cooling stage. Moreover, 

NO3- increased after the 1st turning on day 10, continuing to the terminal stages of the thermophilic phase. 

Increase in nitrogen (N) transformation rate, humification process and maturity of compost were also seen 

in inoculation piles. Conclusively, it is suggested to use inoculation using consortium of microbes to 

expedite efficiency and promote maturity in poultry litter composting. Composting is a natural 

biodegradation process, occurring in nature through the fermentation of organic wastes by decomposing 

bacteria, fungi and various microorganisms. However, in order to accelerate the biodegradability, several 

functional strains have been inoculated into the indigenous microbial community in compost piles. 

Inoculating with microbes is a human induced measure that could improve the degree of humification and 

maturation processes (Wei et al. 2018). Balasundaran (2008) showed that inoculation with the commercial 

microbiological additive effectively promoted the composting process. The cellulose contents of biomass 

such as wood, rice husk and straws containing approximately 40% cellulose, 20–30% hemicelluloses and 

5-10% lignin are difficult to decompose in a natural composting process and can take considerable amount 

of time. Inoculation with microbes and fungi having ligno-cellulolytic break down ability have been 

reported to be effective in compost process (Tiquia and Tam 2002; Bolta et al. 2003). For example 

inoculation of complex microorganisms such as Bacillus casei, Lactobacillus buchnei and Candida 

rugopelliculosa and ligno- cellulolytic fungi (Trichoderma sp. and white-rot fungi) accelerate humification 

and maturation in composting process (Wei et al. 2018). In this prospect, dominant bacteria with desired 

ability of cellulose breakdown includes Bacillus species. It was reported that 87% of bacteria in 

thermophilic composts is of genus Bacillus (Strom, 1985). 

2.5. Use of compost in poultry diet 

Processed poultry waste is considered as a good source of nutrients like crude protein, fiber and some 

essential minerals. Feeding processed animal waste to cows and weaned calves in winter as alternate feed 

supplement is a common practice (Bolan et al. 2010). Hopkins and Poore (2001) reported that processed 
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poultry litter contains relatively high protein content of which 40 to 45% is as non-protein nitrogen and 

rest is true protein. Several experiments have been conducted on feeding the poultry wastes compost to 

ruminants with positive effects on growth performance and feed intake (Capucille et al. 2002). Caswell et 

al. (1977) concluded that poor palatability of processed poultry waste may be improved by mixing it with 

other feed ingredients. The animal wastes are more valuable as feed stuffs than as fertilizer (Fontenot et 

al. 1991). In comparison to other animal wastes, poultry waste has higher crude protein (Bhattachary and 

Fontenot 1966), available energy (Fontenot, 1999) and digestible nutrients (Tadele, 2015). Miron et al. 

(1990) observed higher tendency of organic matter digestibility in poultry wastes than total digestible 

nutrients (TDN) values observed by Bhattacharya and Taylor (1975). Muller (1975) reported that only 

poultry wastes containing broiler mortalities and litter exhibit a TDN value comparable to conventional 

feed ingredients. Analysis has shown that poultry waste contains relatively high protein contents due to 

protein rich diet, of which true protein is about 45–67%, uric acid is 18–30% and ammonia is 12–17%. It 

also has abundance of essential minerals that are essential part of animal nutrition (Rankins et al. 2002). 

Presently, no literature is available cementing the use of processed poultry wastes in poultry diet. However, 

efforts are required to explore such cheap alternatives, so that several million tons of such poultry wastes 

can be disposed-off and recycled efficiently. 

However, public concerns regarding the feeding of large quantities of poultry waste to animal have its 

limited acceptability as feed ingredients (Rankins et al. 2002; Bolan et al. 2010). But as result of 

composting reasonably less toxic, pathogen free, and environmentally safe product is obtained. This 

product is considered as safe for animal consumption up to certain levels (Wilkinson et al. 2011). 

Several trials have been conducted to assess the feeding value of poultry waste for different classes of 

poultry. Elam et al. (1954) observed a significant improvement in chick growth when filtered suspension 

of their litter was added in the diet. Wehunt et al. (1960) suggested that compost of poultry mortalities can 

be added in protein deficient chick diet. Flegal and Zindel (1970) observed that young layer chicks tolerated 

dry poultry manure in their diets up to the level of 15%, but with decline in feed efficiency. They further 

studied that broiler chicks appeared to be more sensitive and dry poultry manure above 5% led to a 

significant growth reduction. Fadika et al. (1975) fed growing turkeys an iso-caloric and iso-nitrogenous 

diet containing 5, 10 and 30% dried layer manure and observed no changes in weight gain and mortality. 

However, feed efficiency declined slightly by increasing the level of compost in the feed. Lipstein and 

Bornstein (1971) fed dried processed poultry manure to very young chicks and observed no toxic effects, 

but growth rate and feed utilization decreased significantly. 

Compost was added at four different concentrations i.e. 0, 2.5%, 5%, 7.5%, and 10%. Comparable results  

P>0.05) of compost addition up to 10% in the diet with that of the control indicate that poultry byproducts 

compost supplemented diet used in current experiment was safe and did not negatively impact birds’ health 

and performance. As mentioned above, compost was prepared by treating the poultry waste through two 

heating cycles (phases), which might have lowered harmful bacterial presence in the end product, making 

the end product safe for broiler consumption. Endorsing the current findings, a recent study by Khan et al. 

(2019) also concluded that the addition of compost up to 10% in laying hens diet did not negatively affect 

hens’ health and performance.  

Christmas et al. (1996) observed no differences (P>0.05) in the production performance of broiler birds 

when spent hen meal (SHM) was included at the 12% level into broiler diets. Pesti (1987) reported that 

poultry byproduct meal (PBM) and hatchery waste can be incorporated into broiler diet up to 5% without 

affecting (P>0.05) growth performance. Mendonca and Jensen (1989) found that broilers fed a diet 

containing 10% PBM had similar (P>0.05) body weight gain, feed utilization and feed conversion ratio to 

those fed a maize- soybean control diet, suggesting that different chicken by-product meals, such as feather 

and blood meal (Ochetim, 1993), boon and blood meal (Xavier et al. 2011), giblet meal (Klemesrud et al. 

1997), SHM (Kersey and Waldroup,1998), and hatchery waste meal (Abiola et al. 2012), can be utilized 

in broiler rations with no impact on production performance. Furthermore, improved (P<0.05) growth 

performance by the supplementation of animal origin byproducts in the diets of broiler has also been 

reported (Kawat, 2006). Flegal et al. (1972) fed different levels (10, 20, 30 and 40%) of processed poultry 

manure to egg laying hens and observed decline in egg production (except the birds fed with 10% inclusion 
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level), weight gain and feed efficiency by increasing the inclusion levels of compost in the diet. A trial 

conducted by Nesheim (1972) regarding 4 least-cost rations with 2 of them containing 22.5% inclusion 

rate of compost, showed no significant effect on egg weight and egg production, however, some variations 

in feed consumption were observed. Quisenberry and Bradley (1968) observed that egg laying hens offered 

diets containing 10 and 20% of poultry manure showed better results as compared to birds kept in controls. 

However, Wolford (1975) observed no significant differences in production and reproduction parameters 

when processed poultry manure was offered to turkey breeder hens up to 10% level. Similarly, Biely et al. 

(1972) fed 25% dried poultry waste to the laying hens and observed decreasing trend for large eggs and 

Haugh units. Abiola and Onunkwor (2004) stated that there is no effect of feeding hatchery waste meal on 

laying hens and their egg quality. While Flegal et al. (1972) reported that there is no significant difference 

observed by feeding laying hens diets containing dehydrated layer manure at 0, 12.5 or 25% levels. Maguey 

et al. (2018) supplemented semi solid substance obtained worm composting in feed of broiler birds with 

encouraging results. Broilers offered drinking water containing leachate from compost showed higher 

energy digestibility and higher retention of dried matter, nitrogen and ashes (Gomez-Rosales and Angeles, 

2015). Addition of humus like substance extracted from compos, in broiler chicken diet showed improved 

intestinal viscosity with lowered bacterial concentrations in liver and serum which is a marker for gut 

permeability (Kuttappan et al. 2015). According to Dominguez et al. (2019) compost addition in poultry 

feed promote growth by improving the digestibility and dietary components retention as well as by 

reducing bacteria in the intestine of birds. Presently, no literature is available cementing the use of 

processed poultry wastes in poultry diet. However, efforts are required to explore such cheap alternatives, 

so that several million tons of such poultry wastes can be disposed-off and recycled efficiently. 
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2.6. Statement of problem 

Traditionally, a number of methods, including burying, land filling, incineration and rendering, are used 

for the disposal of poultry wastes. However, these methods are not adequate and may create potential 

health and environment concerns. As an alternate, composting technique may be applied to solve the 

chronic issue of poultry waste disposal. Since the composting is naturally a slow process so, bio-catalyst 

may further expedite this process along with better quality of ultimate product that can be used as alternate 

nutrient source for poultry production to mitigate the impacts of rising cost of production. 

Keeping in view the above discussion, this study has been designed with the following objectives: 

 To evaluate the physio chemical and microbiological properties of different poultry waste 

materials in various composting methods 

 To investigate the effect of different levels of inoculants on duration, structure and economics of 

compost 

 To investigate the effect of feeding varying levels of poultry compost on overall performance of 

commercial broilers and layers 
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CHAPTER 3 

EXPERIMENT NO. 1 

An assessment of chemical and microbiological properties of different types of poultry waste 

compost prepared through bin and windrow composting system (Published in Brazilian Journal of 

Poultry Science, 22(4): 1-10. http://dx.doi.org/10.1590/1806-9061-2020-1278) 

3.1. Abstract  

The aim of present study was to evaluate the physical, chemical and microbiological characteristics of 4 

different poultry waste (dead birds, hatchery waste, offal and mixture of all) processed under two 

composting systems (bin and windrow). For this purpose, 12 compost bins and 12 windrow piles having 

different poultry waste were placed according to 2×4 factorial arrangements under Completely 

Randomized Design. Treatments were consisted of 2 composting systems (bin and windrow) and 4 

compost type (dead birds, offal, hatchery waste and mixture of all). The bins were comprised of 3 

compartments (Primary, secondary and curing) and filled with dead birds, offal, hatchery waste and 

mixture of all. Similar procedure was adopted for windrow composting system. Samples from each 

experimental material were collected and analyzed for proximate, amino acid, mineral and bacterial 

analysis during initial and curing phase. Results revealed that significantly the highest crude protein (CP) 

and ME values were found in dead birds while the lowest in hatchery waste compost processed under 

both composting systems. The highest temperature was recorded in dead bird’s compost during 

primary phase while the minimum was found in hatchery waste. Microbial count of salmonella, 

mycoplasma, E. coli and total plate count were found minimum in all types of compost. Macro minerals 

like Na, K and P were the highest in dead birds while the lowest in hatchery waste compost. It can 

be concluded that dead birds compost processed through bin composting system had ideal proximate 

composition having minimal pathogenic load with superior amino acid and mineral profile as 

compared to other waste materials. 

Keywords: Bin, Chemical, Composting, Microbiological, Poultry Waste, Windrow  

3.2. Introduction 

During the past few decades, commercial poultry production has shown tremendous growth due to the 

onset of environmental controlled housing and increased number of hatcheries to fulfill demand of day old 

chicks of these houses (Ahmad et al. 2008). This progression in poultry sector is encouraging to cater the 

need of country’s mushrooming population, however, it has raised certain environmental concerns for 

humans and animals. One of the most alarming issue is production of huge amount of poultry wastes i.e., 

dead birds, poultry bedding, offal’s and hatchery wastes and their appropriate disposal (Khan et al. 2019). 

Broiler population in Pakistan is around 1.4 billion/annum with 4-5 % average normal mortality (ESP, 

2019) during rearing period  resulting into production of 48 million Kg or 48M ton/annum dead birds 

(PPA, 2020). The situation becomes worse if there is viral disease outbreak like New Castle Disease (ND), 

Infectious Bronchitis (IB) or Avian Influenza (AI) when mortality percentage could climb up to 50- 75% 

(PPA, 2020). These mortalities are the potential reservoir for disease outbreak, so their appropriate 

allocation is a big task in the current scenario. Moreover, to obtain 1.4 billion day old chicks, 1.7 billion 

hatch-able eggs are set in hatcheries which also produce 18 million kg hatchery waste per year (PPA, 

2020). Likewise, huge quantities of visceral organ waste is also generated when these birds are slaughtered 

at commercial scale (Ferreira et al. 2018). These mammoth poultry waste materials may pose serious health 

risks if not disposed-off properly. 

Commercial poultry production and wet poultry market are responsible for the production of large amount 

of poultry waste (dead birds, offal and hatchery waste) creating permanent bio-safety and bio-security 

threats to animal as well as human life. For disposal of these wastes different strategies are used around 

the world including incineration, burial, rendering and composting, each having some advantages and 

disadvantages. Incineration is not environment friendly and costly as highly efficient incinerators are 

required for proper disposal of wastes (Blake and Donald 2002). Burial method promotes pathogens and 

other harmful components of poultry by-products to contaminate the underground water by decomposition 

and deteriorate soil quality (Wood et al. 2010; Calleja-Cervantes et al. 2015). In the United States 20% 

http://dx.doi.org/10.1590/1806-9061-2020-1278
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rendered, 20% buried, 20% incinerated and 40% of mortality are composted (Malone, 2004). Through 

composting, these massive poultry wastes can be disposed-off properly into highly enriched end product 

along with reduction in environmental risks. 

Composting is a biodegradation process carried under strict aerobic and thermophilic conditions (Khan et 

al. 2019). The essential elements for the microorganisms involved in composting are carbon (C), nitrogen 

(N), oxygen (O2) and moisture (H2O). Composting can reduce coliform bacteria in offal’s up to 97% (Bary 

and Miles 2001). Das et al. (2002) also observed that 99.9% E. coli and 100% salmonella were neutralized 

when hatchery waste was processed under bin composting technique. The cost of compost is significantly 

less as compared to others if appropriate sources are used (Bary and Miles 2001). These processed poultry 

waste composts can increase the soil organic matter content, that increases the moisture holding capacity 

of the soil which lowers the soil bulk density and improves the soil fertility (Cayci et al. 2017). The use of 

compost in agriculture also provides phosphorus to the plants more abundantly and efficiently as compared 

to other organic materials (Harapas et al. 2003). The biological threats related to mortality can be handled 

during composting process as physico-chemical characteristics of the original substrate are changed. In 

Pakistan, so for a little work has been done on composting technique which includes dead birds only but 

composting of other poultry waste materials needs further exploration to make it viable at commercial 

level. Therefore, the present study has been planned to investigate the physical, chemical and 

microbiological properties of 4 different poultry wastes in two composting systems. 

3.3. Materials and Methods  

The present study was conducted at Compost unit of University of Veterinary and Animal Sciences 

(UVAS), Ravi Campus, Pattoki to investigate physico-chemical and microbiological analysis of different 

type of poultry wastes processed through bin and windrow composting systems. A 2 × 4 factorial 

arrangement for treatments were applied under CRD (Completely Randomized Design). Treatments were 

comprised of two composting systems (bin composting and windrow composting system) and 4 

composting materials (offal, dead bird, hatchery waste and mixture of all). For this purpose, 12 bins were 

filled with dead birds, hatchery waste, offal and mixture (visceral organs and poultry feathers) by 

replicating 3 times. Before composting, proximate and mineral profile of different types of poultry waste 

were evaluated (Tables 3.2). Compost bins/windrows were filled by adopting the standard and 

internationally accepted method of bin filling (Ritz and Worley 2005). The dimension of each bin was 6L 

× 7W × 5H feet. Dead birds, bedding material, hatchery waste and offal were collected from Hamdard 

poultry farm (Pvt) Ltd. and their hatchery, while, offal were obtained from local poultry market of Okara, 

Pakistan. Twelve windrow piles, each having dimension of 6L × 6W × 4H feet on concrete floor were 

arranged for windrow composting. A typical compost recipe was followed by mixing 1:10 part by weight 

of straw as bulking agent, 1 part by weight of poultry waste, 2 parts by weight of poultry litter and water 0 

to 1/2 part by weight in case of too dry conditions. The mixture provided 55% moisture content and 20:1 

to 25:1 C:N ratio, the necessary conditions for successful composting (Figures 3.1). In 1st step, primary 

bin/windrow were loaded by placing 12 inches layer of used litter on the floor followed by a thin layer of 

bulking agent, such as wheat straw. In 2nd step, for each waste material, a single layer of waste material 

was added six inches aside from the periphery walls of the bin/windrow to avoid the direct exposure to air 

and leaching of water. Next, 6 inches thick layer of used litter was added to complete the first layer. After 

that, subsequent layers of waste materials, bulking agent and litter were added up to the height of 5 feet. 

In final step, 12 inches layer of litter was placed to complete the compost recipe (Ritz and Worley 2005). 
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Table 3.1. Research plan 

Systems Waste Materials Replicate 

 

Bin Filling 

 

Whole Dead Birds   

Compost System = 2 

Waste Material = 4 

Replicate = 3 

Total = 2 × 4 × 3 =24 

Hatchery Waste 

Offals 

Mixture of all 

 

Windrow 

Whole Dead Birds 

Hatchery Waste 

Offals 

Mixture of all 

3.3.1. Parameters Studied 

3.3.1.1. Physical Analysis  

Soon after setting up the compost bin/windrow, microbial activity started and temperature began to rise up 

to (161°F). Long probe RevoTemp analogue thermometer and long probe digital moisture meters were 

used to monitor temperature and moisture from each replicate thrice a day, respectively. Whereas, pH was 

measured using water multi parameter tester (EUTECH Instruments) by preparing 1: 10 w/v compost water 

extract (Koberstein, 2002). First heating cycle or thermophilic phase was completed when the temperature 

of each poultry waste bin/windrow dropped to 120-130°F. At this stage, all the waste materials were shifted 

from primary bin into the secondary bin and all windrow piles were turned for aeration. Again, temperature 

has started to rise until reached up to 150-155ºF. The end of the second heating cycle or mesophilic phase 

was marked by decline in temperature (115-125ºF) during 29-30th day in different poultry wastes. At this 

stage, the compost materials were moved and turned for aeration until completion of final maturation 

phase. The maturation phase was completed when the temperature of the compost materials fell to 

surroundings or room temperature (90-100ºF). The finished product had black brownish appearance with 

undetectable non pleasant odor and fly menace. 

3.3.1.2. Chemical Analysis 
Before the start of composting process, and at the end of maturation phase, compost samples (250 g) were 

collected from different locations and stored in re-closeable air tight sterile Lab Guard Polyethylene 

(LDPE/LLDPE Blend) Biohazard Specimen Bags. The material was then ground and analyzed for dry 

matter content, crude protein, ether extract, metabolizable energy, and ash content in the Nutrition 

Laboratory, UVAS, Ravi Campus, Pattoki. The dry matter contents were obtained by oven-drying method, 

crude protein by Kjeldahl method, ether extract by Soxhlet apparatus using anhydrous diethyl ether, crude 

fiber contents were obtained by using 12.5% sulphuric acid and 12.5% sodium hydroxide solutions, total 

nitrogen was determined through digestion of sample in sulfuric acid and then distillation in Kjeldahl, 

according to Silva and Queiroz (2004). Metabolizable energy was calculated following NRC (1994) 

procedure of estimation. Calcium, phosphorus, and ash content were determined according to the 

procedures of the AOAC (2005). Amino acid profile was determined using amino acid analyzer while 

macro minerals like potassium and micro minerals (Mn, Fe, I and Zn) were measured using atomic 

absorption spectro-photometer (Tedesco et al. 1995). Chemical reagents were obtained from Vision 

Scientific Traders, Lahore. Composting processes were carried under strict bio security measures 

according to the procedure followed by USDA-NRCS. 

3.3.1.3. Microbiological Analysis  

Total viable count for E. coli was performed by following the method adopted by Cunningham et al. 

(2011). Salmonella and Mycoplasma counts were carried out by using the method of Cappuccino and 

Sherma (2007), while HA/HI was performed to determine the viral load of NDV (NRC, 1994). 

3.4. Statistical Analysis 

The data were analyzed through factorial ANOVA under completely randomized design using PROC GLM 

in SAS software (SAS Institute Inc., version 9.1.3., 2002-03). Significant treatment means were compared 

through Duncan’s Multiple Range (DMR) test (Duncan, 1955) at 5% probability level. Each pen was 

considered as experimental unit. 
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3.5. Results and Discussion  

3.5.1. Temperature  

During composting process, the temperature is very crucial factor because the microbial activities are 

greatly affected by the fluctuation of temperature (Tiquia and Tam 2002). During primary phase the highest 

temperature was recorded during dead birds composting process in both systems, whereas, hatchery waste 

showed minimum temperature. Similar trends were observed during secondary and curing phases. 

Significantly higher (P ≤ 0.05) temperature during primary phase in dead bird waste might be due to the 

fact that whole dead birds carry more decomposing bacteria in their proventriculus and intestine, 

responsible for rapid decomposition of organs that caused abrupt rise in temperature. Raza and Ahmad 

(2016) also reported similar findings in dead birds composting that the biological activities of aerobic 

microbes caused rise in temperature to 155-160°F within couple of days. Hassen et al. (2001) found that 

temperature of the compost decreases as the bacterial count decreases in the compost material. These 

findings advocate the present findings that as the compost process preceded, due to microbial activity and 

emission of gases, size of compost material decreased and oxygen supply shortened that lowered the 

bacterial degradation process thus lowering temperature toward end of each phase because appropriate 

amount of oxygen supply is necessary to carry on the aerobic composting (Ghao et al. 2010). Temperature 

beyond 131ºF is enough to neutralize most of the harmful microbes (Joshua et al. 1998; Kube, 2002). 

Similarly, different parasites, plant and fecal pathogens in compost are also killed when temperature is 

raised beyond 131ºF. Type and texture of waste material also affects the temperature and ultimately speed 

of composting process (Bukhari et al. 2017). Furthermore, bin composting proved to be better than 

windrow compost system as the highest temperature (161°F) was recorded among dead birds in bin 

composting while the highest temperature during windrow composting was 155°F. Significantly higher 

temperature during bin composting might be due to the closed configuration of bin compost system that 

ensured exothermic biological activities of aerobic bacteria through less moisture and temperature loss and 

better decomposing environment to microbes than in windrow compost system (Raza and Ahmad 2016).  

3.5.2. Moisture 

In the present study, maximum and minimum moisture percentage was recorded in dead birds (66%) and 

hatchery waste (45%), respectively. Desired moisture percentage is approximately 50% during the compost 

process (Hachicha et al. 2006) to maintain the thermophilic conditions. High moisture (65-70%) is not 

recommended (Nahm, 2005) as it draws oxygen from the tiny holes of the compost pile and lower aerobic 

activity. High Temp and optimal humidity are pivotal for composting process (Nahm, 2005). Moreover, 

Looper (2002) also quoted similar findings that moisture more than 60% promotes odor and halt 

temperature rise. Hatchery waste showed the lowest moisture level that decreases the rate of degradation 

by lowering microbial activity (Golabi et al. 2003). 

3.5.3. Dry Matter 

Dry matter contents in different poultry compost types showed significant difference (P ≤ 0.05) among 

treatment groups as the highest dry matter was found in hatchery waste compost followed by mix material 

and dead birds waste. Significantly (P ≤ 0.05) higher dry matter in mature compost might be due to the 

high moisture loss during maturation phase. Adeley and Kitts (1983) and Muller (1982) observed increased 

dry matter contents in mature compost provided by microbial biodegradation of organic waste responsible 

for heat generation and subsequently reducing the moisture contents; volume and weight of finished 

product and increasing dry matter at the end of composting process (Gajalakshmi and Abbasi 2008). 

Bukhari et al. (2017) also reported that the dry matter contents increased as the composting process 

proceeded. Higher percentage of dry matter during bin composting than windrow composting might be 

due to higher microbial activity leading to higher temperature causing more moisture loss than in windrow 

composting. 

3.5.4. Crude protein 

Significant differences (P ≤ 0.05) in CP contents of different poultry waste composts were observed among 

different waste materials (Table 3.4). The highest CP content was recorded in dead bird’s compost, 

whereas, the lowest was expressed by hatchery waste compost. The duration of hatchery waste compost 

was maximum among all compost materials resulting in reduced crude protein value as suggested by 
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Bukhari (2017) that crude protein value decreases with increase in composting duration. Intensity of 

microbial biodegradation of organic waste in composting process may also be the reason of significantly 

different crude protein values among different poultry wastes (Babatope et al. 2012). Tiquia and Tam 

(2000) and Sivakumar (2006) also confirmed that crude protein percentage decreases with the time elapsed 

in process of composting which cements our results as time elapsed by hatchery waste to complete the 

compost process was the highest in comparison to dead birds, offal and mix material. It is also to be 

considered that dead bird’s carcass contained more muscles than other materials, that lead to more crude 

protein contents (Khan et al. 2019) than other waste material composts. Moreover, no significant effects 

of bin and windrow composting were observed on crude protein of finished product. 

3.5.5. Ash (%) 

The ash content provides important information about the quality of poultry litter.  Different types of 

poultry waste composts demonstrated variations in ash percentage as hatchery waste compost had the 

highest value of ash contents while mix material yield lowest amount of ash percentage during proximate 

analysis (Table 3.4). These results may be due to the time taken to compost process and organic 

mineralization and degradation (Chefetz et al. 1996). Babatope et al. (2012) stated that ash contents are 

measure of mineral contents of the waste material. High ash contents may be due to dirt contamination of 

fluff and wasted unhatched eggs used for composting. Flachowsky and Hennig (1990) reported that the 

ash contents increased with the time of composting. Hatchery waste compost took little longer time than 

mix material that increased the ash contents. Bukhari et al. (2017) also reported that the increase in the ash 

contents as the process of composting proceeds. Likewise, Ch'ng et al. (2013) was also of the opinion that 

the compost process not only reduced the organic matter but also increased the ash contents in the mature 

compost. 

3.5.6. Ether extract 

Significant differences (P ≤ 0.05) were noted in ether extract among different poultry waste composts 

during composting process (Table 3.4). Mix material compost showed the highest value of ether extract 

while hatchery waste compost exhibited the lowest value of ether extract. It has been observed that quantity 

of ether extract contents and the time elapsed in composting process are inversely proportional to each 

other as Sivakumar (2006) also documented that ether extract decreases with the passage of time. Findings 

from this experiment indicated that hatchery waste compost took more time than any other waste material, 

thus, lowering the quantity of ether extract contents. These results are in agreement with the findings of 

Tiquia and Tam (2000), who also reported decrease in ether extract contents as the compost process 

proceeds. 

3.5.7. Salmonella, Mycoplasma and Coliform count 

No significant differences (P > 0.05) were seen among means of Salmonella and Mycoplasma count among 

different poultry waste composts during process of composting (Table 3.5). Current experiment was 

conducted by processing the poultry wastes through two heating cycles (thermophilic and mesophilic 

stage), which might have reduced bacterial count to undetectable level. It is considerable that heating cycles 

during compost process might have significantly neutralized harmful microbes because it is well 

documented phenomenon that the long exposure to heat can effectively kill Salmonella and Mycoplasma 

(Bicùdo and Goyal 2003; Vinodkumar et al. 2014). Likewise, findings of Bary and Miles (2001) also 

strengthen our results that no pathogenic bacteria were found in the waste material after the completion of 

composting process. 

Means of Coliform count showed significant differences among different poultry waste composts but no 

significant difference was observed among different composting systems. Hatchery waste compost had 

significantly the minimum Coliform count while offal’s compost had the maximum Coliform count among 

all the poultry waste composts. Long duration and temperature above 140°F in composting are reported to 

kill harmful microbes and help to control outbreaks of different diseases (Bonhotal et al. 2008). Minimal 

Coliform count in hatchery waste compost can be attributed to the long composting duration or exposure 

to two heating cycles (Khan et al. 2018). Coliform bacteria are opportunistic organisms and can grow in 

harsh environmental conditions that has low pH and temperatures. Likewise, Bicùdo and Goyal (2003) 

found that the long composting duration effectively killed most of the Coliform bacteria. Likewise, Imbeah 
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(1998) was also of the opinion that compositing reduced the harmful microbes due to the high temperature 

produced in the compost process. It is also noted that most of the microbiota is inactivated within the 1st 

24h after the temperature is raised up to 50°C in aerobic thermophilic stage (Bicudo and Goyal 2003). 

Significantly higher microbial load in offal might also be due the high moisture contents and short time of 

completion in composting process as Kim et al. (2012) quoted similar results that temperature and moisture 

contents of material directly affect the microbial count in end product.  According to Gradel et al. (2003) 

and Bukhari et al. (2017) microbial load decreases with the increase in duration of composting process. 

These findings strongly favor our results that hatchery waste took the longest completion time as compared 

to other waste material composts having minimum microbial load. These results are confirmed by Martin 

et al. (1998) who reported that the E. coli and Salmonella were not detected in composting experiment. 

3.5.8. New Castle Disease 

Newcastle disease (ND) is a highly contagious viral disease caused by a paramyxovirus (Senne, 2008). 

Every animal has a defense system called cellular immunity which can be used as parameter of immune 

response (Tiwari et al. 2020). Heam Agglutination and Heam Inhibition (HA/HI) is performed to evaluate 

titers that can be used as marker for immune system. ND titers showed non-significant differences (P > 

0.05) among different treatment groups (Table 3.5). These negative results indicated that all viruses have 

been neutralized during compost process regardless of composting system and materials. It might also be 

possible that materials used in composting process may not have ND infection or exposure to field virus 

that lead to minimum load of NDV during HA/HI. High temperature up to 165F may also have killed ND 

viruses leading to negative results as Khan et al. (2019) also found no NDV in compost while performing 

dead birds composting to use it poultry diet. 

3.5.9. Nitrogen 

The nitrogen contents showed significant differences (P<0.05) among different types of poultry waste 

composts whereas no significant difference was observed among different composting systems during 

experiment (Table 3.6). The maximum value of nitrogen contents was recorded in the dead bird’s compost 

while the lowest nitrogen contents were observed in hatchery waste compost. This may be due to the 

volatilization of ammonia during the process of composting. Current findings are in line with the results 

quoted by Sivakumar et al. (2007) that nitrogen is reduced during the process of composting and confirmed 

by Lin et al. (2013) who found that decrease in nitrogen contents during the process of composting is 

mainly due to ammonia loss that may lower the contents up to 71% if compost process is slow. Similarly, 

Bukhari et al. (2017) reported that the nitrogen contents decreased as the compost process mature. 

Moreover, findings of Valente et al. (2014) also strengthen our results that alkaline pH and temperature 

fluctuations favored N volatilization. These results agree with those of Kelleher et al. (2002) who reported 

that low C:N ratio of hatchery residues contribute to losses of hydrogen sulphide and ammonia.  

3.5.10. Potassium 

During composting process, significant differences (P ≤ 0.05) were observed regarding potassium contents 

among different types of poultry waste composts in different phases while bin composting system showed 

significantly (P ≤ 0.05) better effects on potassium contents (Table 3.6). In curing phase of compost, 

maximum value of potassium contents was recorded in the dead bird’s compost while the lowest potassium 

contents were observed in hatchery waste. The increase of potassium contents in dead birds during curing 

phase might be due to the biodegradation of organic material and mineralization, as it has been documented 

by Chefetz et al. (1996) that the increase of potassium content is due to the loss of organic matter during 

the process of composting. Bukhari et al. (2017) concluded that the potassium contents increase as the 

compost process reaches its curing phase. Similar results were reported by Sakthivadivu et al. (2015) of 

increasing trend of potassium contents in curing phase. Likewise, Kumar et al. (2007) also found similar 

results in dead birds compost that advocate our findings. This increase might be attributed to higher initial 

total organic matter and agrees with findings of Veras et al. (2004) who stated that those waste materials 

having higher contents of organic matter showed a higher concentration of potassium because the minerals 

are electrostatically adsorbed to organic matter. Similarly, higher nitrogen contents in bin composting 

might be due to less leakage of nitrogen through ammonia emission because of less exposed surface area 

as compared to windrow piles. 
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3.5.11. Phosphorus 

The phosphorus contents revealed significant difference (P ≤ 0.05) among different poultry waste composts 

and systems (Table 3.6). The highest value of phosphorus contents was recorded in the dead bird’s compost 

while the lowest value was observed in hatchery waste while waste materials processed through bin 

composting showed better phosphorus contents as compared to windrow composting system. 

Decomposing process in dead birds is rapid as compared to hatchery waste which promotes mineralization 

and breakdown of organic matter to simpler molecules (Khan et al. 2018). Similarly, higher phosphorus 

content in dead bird’s compost has been reported previously by Bukhari et al. (2017) and Kumar et al. 

(2007). Hence, dead bird’s compost showed better microbial activity that lead to P immobilization by 

microbial cells (Valente et al. 2014). 

3.5.12. Calcium 

Significantly (P ≤ 0.05), the highest calcium contents were observed in hatchery waste compost whereas 

the lowest calcium contents were observed in mixture compost, however, non-significant effect of 

composting systems were observed during experiment (Table 3.6). Hatchery waste mostly comprised of 

un-hatched eggs and egg shells that added significantly higher calcium contents among other poultry 

wastes (Kingori, 2011). Significant decrease (P ≤ 0.05) in organic matter in mature compost could be the 

possible cause behind the increase in the calcium contents in mature compost (Bukhari et al. 2017). 

Similarly, Sakthivadivu et al. (2015) quoted increase in calcium contents (Ca) during primary to secondary 

stage of compost process. Kumar et al. (2007) also observed gradual increase in total calcium contents 

towards the maturation of compost. 

3.6. Conclusions 

Based on the current study, an inference can be drawn that bin and windrow compost systems are adoptable 

for safe and unpolluted disposal of different poultry wastes. However, dead bird’s compost prepared 

following bin composting technique had superior proximate composition having minimal pathogens 

with ideal amino acid and mineral profile in comparison to the rest of poultry waste materials and it 

can further be used as bio-fertilizer. Moreover, bin composting is more convenient and eco-friendly 

ditching option when compared to traditionally adopted systems in Pakistan. 
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Figure 3.1. Bin composting System 
 

 
Figure 3.2. Windrow composting System 
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Figure 3.3 Temperature variations during different phases of bin composting in different poultry 

wastes; OF = offals; DB = dead birds; HW = hatchery waste; MX = mixture of all  

 

 

 
Figure 3.4. Temperature variations during different phases of windrow composting in different 

poultry wastes; OF = offals; DB = dead birds; HW = hatchery waste; MX = mixture of all 
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Figure 3.5. Moisture variations during different phases of bin composting in different poultry 

wastes; OF = offals; DB = dead birds; HW = hatchery waste; MX = mixture of all 

 

 
Figure 3.6. Moisture variations during different phases of windrow composting in different poultry 

wastes; OF = offals; DB = dead birds; HW = hatchery waste; MX = mixture of all 
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Table 3.2. Proximate analysis of different poultry waste before composting 

 

Table 3.3. Mineral count of different types of poultry waste before composting 

a-d Superscripts on different means within column differ significantly (P≤0.05); N: Nitrogen, K: Potassium, 

P: Phosphorus, Ca: Calcium 

 

Table 3.4. Proximate composition of different poultry waste materials processed under different 

composting systems 

a-d Superscripts on different means within column differ significantly (P ≤ 0.05); CS: Compost System, 

WM: Waste material; DB: Dead birds, HW: Hatchery waste, MX: Mixed Poultry wastes, OF: offal, DM: 

Dry matter, CP: Crude Protein, EE: Ether extract, ME: Metabolizable energy  

Treatments 
Dry Matter Moisture Ether Extract Crude Protein Ash 

----------------------------------------( % )---------------------------------- 

Dead Birds 28.89 71.11 6.96 54.98 5.98 

Hatchery Waste 54.36 45.64 0.94 19.69 72.47 

Offal 44.94 55.06 1.23 44.94 4.13 

Mix Material 78.69 21.33 1.20 25.98 31.87 

Treatment N K P Ca 

---------------------------------------- (g kg-1) ------------------------------------ 

Dead Birds 24.73a±4.36 10.56a± 0.69 31.85a±0.21 65.69b± 2.55 

Hatchery Waste 14.73d±1.33 3.04d± 0.14 19.40d±0.40 72.31a± 1.74 

Offal 16.46c±2.49 9.71b± 0.16 22.10c±0.88 60.67bc± 1.27 

Mix Material 19.16b±2.56 7.54c± 0.09 28.88b±0.74 58.52c± 1.04 

p-value 0.0003 <0.0001 <0.0001 0.0062 

CS DM (%) CP (%) Ash (%) EE (%) ME (kcal/kg) 

Bin  86.55±0.66 13.06±0.91 34.45a ±1.63 5.20±0.27 1725.50a ±55.21 

Windrow 85.56±0.81 13.05±0.80 31.42b ±0.89 5.67±0.14 1658.00b ±54.85 

WM 

DB 84.91b ±0.56 16.16a ±0.17 37.14a ±1.31 5.09±0.21b 1848.00a ±17.31 

HW 89.95a ±0.49 8.88d ±0.26 36.70a ±1.28 4.62±0.25c 1386.33d ±16.82 

MX 84.98b ±0.48 12.19c ±0.16  27.75c ±0.40 5.83±0.15a 1729.00c ±18.87 

OF 84.36b ±0.29 15.00b ±0.22 30.15b ±0.38 5.91±0.16a 1803.67b ±17.35 

p-value 

CS 0.0166 0.9675 0.0001 0.0031 0.0001 

WM 0.0001 0.0001 0.0001 0.0001 0.0001 

CS × WM 0.0727 0.2060 0.0001 0.0171 0.9377 
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Table 3.5. Microbial Count of dead bird’s compost processed under different composting systems 

a-d Superscripts on different means within column differ significantly (P ≤ 0.05);  

DB: Dead birds, HW: Hatchery waste, MX: Mixed Poultry waste, OF: offal, MG: Mycoplasma 

gallicepticum, ND: New Castle 

 

Table 3.6. Mineral count of different types of poultry waste after composting 

a-d Superscripts on different means within column differ significantly (P ≤ 0.05); N: Nitrogen, K: 

Potassium, P: Phosphorus, Ca: Calcium 

 

Compost System Salmonella MG E Coli (log10) ND 

Bin  Negative Negative 3.36±0.03 Negative 

Windrow Negative Negative 3.36±0.03 Negative 

      Waste Material  

DB Negative Negative 3.30c ±0.02 Negative 

HW Negative Negative 3.51a ±0.01 Negative 

MX Negative Negative 3.41b ±0.02 Negative 

OF Negative Negative 3.22d ±0.01 Negative 

p-value 

Compost System -- -- 0.0001 -- 

Waste Material -- -- 0. 9526 -- 

Interaction -- -- 0.9381 -- 

CS N (%) K (%) P (%) Ca (%) 

Bin  2.02±0.14 1.31a ±0.05 0.95a ±0.02 0.92±0.09 

Windrow 2.03±0.14 1.12b ±0.06 0.87b ±0.01 0.91±0.97 

WM 

DB 2.54a ±0.03 1.38a ±0.04 0.98a ±0.03 0.60c ±0.20 

HW 1.31d ±0.02 0.92c ±0.04 0.84c ±0.01 1.30a ±0.16 

MX 1.88c ±0.03 1.17b ±0.08 0.91b ±0.02 1.15b ±0.01 

OF 2.37b ±0.02 1.39a ±0.02 0.92b ±0.01 0.61c ±0.01 

P-value 

CS 0.9789 0.0001 0.0001 0.0072 

WM 0.0001 0.0001 0.0001 0.0001 

CS × WM 0.1065 0.0001 0.9745 0.0165 
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CHAPTER 4 

EXPERIMENT NO. 2 

Potential utilization of bio-catalyst to improve chemical and microbial profile of dead bird compost  

4.1. Abstract 

Adequate and prompt disposal of poultry wastes is a pressing challenge to a sustainable environment for 

humans and animals well-being. Certain bio-catalysts can expedite the decaying process of organic matters 

as microbes are the main driving force behind the decomposition and stabilization of organic matter during 

compost process. Current study was conducted to assess the role of these microbiota on dead bird’s 

compost using bin composting technique. For this purpose, 10 compost bins each measuring 7W × 6D × 

5H and having 3 compartments (Primary, secondary and curing) were loaded with 5 consecutive layers of 

dead birds and bulking agent (litter material). Three different inoculum media [Bacillus spp. (B), 

Lactobacillus spp. (L) and consortium (M) {Bacillus spp.+Lactobacillus spp.}] were administered at three 

different dose rates {5% (1) , 10% (2) and 15% (3) concentrations} to reduce the duration of natural 

composting process and to enhance the quality of end product. Sampling for physical and chemical analysis 

of compost was done at 32nd day and results revealed that inoculation not only curtailed the composting 

duration but also enhanced the quality of the end product. Significantly the highest temperature and pH 

were marked among bins inoculated with 10% conc. of consortium M2. Proximate analysis showed 

significantly higher dry matter and crude protein among M2 while Bacillus spp. inoculum B3 showed 

better N and K contents in end product whereas, no marked effect of inoculation was observed on ether 

extract. Moreover, lab tests for SG and MG were found negative while E. coli count and NDV titers for all 

the treatments were remained non-significant and under the tolerable level. This suggests that combined 

application of inoculants (bio-catalyst) is helpful in promoting the composting process and using varying 

dose of consortium (cocktails) of microbes can increase efficiency and quality of the end product in dead 

bird’s composting following bin composting. 

Key words:  bio-catalysts, microbiological, chemical, dead birds, composting,  

4.2. Introduction 

Global demand for poultry meat has triggered the expansion of commercial poultry farming in the form 

environment control houses to deal with ever increasing demand of broiler meat (Ahmad, 2008). Global 

broiler meat production is around 92 million metric tons (USDA, 2019) whereas, in Pakistan, broiler meat 

production is around 1560 million/annum with average mortality of 4-5%, 78M ton/year (ESP, 2019; 

Bukhari et al. 2017).  Prevalence of several disease has led to the challenges of safe disposal of dead birds. 

All over the world, different methods dead bird’s disposal are being applied with some advantages and 

disadvantages. Most commonly applied methods include burial, incineration, rendering and composting. 

On farm application of compost method is limited due to the off time of 2-3 weeks between the two 

consecutive flocks. To combat this problem different strategies are being adopted to accelerate the 

composting process.Certain enzymes and bacterial strains are reported to have a significant effect on the 

reduction of composting time by increasing the cellulase activity, promoting bio-degradation of organic 

matter and accelerate composting process (Ghaffari et al. 2011). Isolated strains of bacillus bacteria like 

Lactobacillus spp. and Bacillus subtilis can be used to accelerate the decomposition in hemophilic stages 

of composting (Pal et al. 2010). Beidou et al. (2005) reported that inoculums containing Bacillus 

azotofixams, Bacillus megaterium, Bacillus mucilaginosus and Lactobacillus spp. proved very efficient in 

accelerating the bio-degradation process and maturing the composting products. Vargas–Garcıa et al. 

(2007) investigated that the composting process could be improved by the addition of microbes. 

Previously, literature depicted that mainly natural compost process was applied for dead bird's composting 

which is mostly comprised of more than 60 days duration whereas application of inoculants was only 

practiced in large animal waste composting. Scarcity of literature regarding use of inoculants in dead bird’s 

composting and its impact on composting duration is not well documented. So, the present study was 

planned to evaluate the effect of various inoculants (biocatalysts) at varying dose (concentration) on the 

physical and chemical properties of dead bird’s compost and its effect on compost duration. 

 

https://www.frontiersin.org/articles/10.3389/fmicb.2019.02100/full#B58
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4.3. Materials and Methods  

A commercial veterinary preparation (VimZyme) containing required microbes was purchased from 

market. Bacillus subtilis spp. and Lactobacillus spp. were isolated and further purified to make three 

different inoculant media of Bacillus spp., Lactobacillus spp. and consortium (Bacillus spp.+Lactobacillus 

spp.) for use in composting process. 

Ten bins, each having dimension of 6L×7W×5H feet, were filled with dead birds collected from Hamdard 

Poultry Okara, by adopting the standard and internationally accepted method of bin loading (Worley and 

Ritz 2009). Airflow was maintained through one inch airspace between wooden planks, fiber plastic sheet 

was used as roof material to protect bins from direct sunlight and rain, while concrete floor was made for 

proper cleaning and to avoid any leaching of nutrients. Compost materials other than dead birds, consisted 

of 1:10 part by weight of used poultry litter as bulking agent, 1 part by weight of dead birds, 1 parts by 

weight of rice husk to increase porosity and 1 to 1/2 part by weight water to maintain moisture in 55-60% 

range. Experimental units were arranged according to the Completely Randomized Design. There were 10 

treatment groups and each treatment was replicated three times. Compost in which no catalyst added was 

considered as control group (C). Each treatment was coded with a prefix like Bacillus subtilis spp. (B), 

Lactobacillus spp. (L) and consortium {Bacillus spp.+Lactobacillus spp.} (M). Whereas, 3 different dose 

rates were denoted as "1" having 5% , "2" having 10% and "3" having 15% concentration of inoculants. 

For example treatment containing 5% concentration of Bacillus subtilis spp. was called "B1" and 

treatments containing 10% and 15% concentration of Bacillus subtilis spp. were called "B2" and "B3", 

respectively. Similar pattern was adopted for Lactobacillus spp. and treatment groups were given names 

as L1, L2 and L3 while for Consortium M1, M2 and M3 respectively. Isolated biocatalysts Bacillus spp. 

(B), Lactobacillus spp. (L) and consortium (M) were used (showered) on each layer of carcass and bulking 

material were made. These inoculants were used (showered) at three different dose rates {5% (1), 10% (2) 

and 15% (3) concentrations} in the respective treatment bins and composting process was carried out under 

strict bio-security measures according to the procedure listed by USDA (2019). 

Table 4.1. Research plan 

Inoculants Dose rate Replicates 

Control No inoculum 

Inoculants = 3 

Dose rate = 3 

Control = 1 

Total = 

(3 × 3 +1) × 3= 30 

 

Bacillus subtilis 5 CC /Kg 

10 CC/Kg 

15 CC/Kg 

Lactobacillus spp. 5 CC /Kg 

10 CC/Kg 

15 CC/Kg 

Bacillus subtilis + Lactobacillus 

spp. 

5 CC /Kg 

10 CC/Kg 

15 CC/Kg 

4.3.1. Physical Analysis  

Long probe RevoTemp analogue thermometer and long probe digital moisture meters were used to monitor 

temperature and moisture from each replicate thrice a day. Whereas, pH was measured with a pH meter 

tester (Eutech Thermo Fisher Scientific Instruments) equipped with an insertion electrode and calibrated 

with buffers at pH 4.01 and 7.09 at ambient temperature by preparing 1: 10 w/v compost water extract 

(Koberstein, 2002).  

4.3.2 Chemical Analysis 
Before the start of composting process and at the end of maturation phase, homogeneous replicate samples 

(250 gm) were collected by picking up material randomly from different locations of the compost bin and 

stored in re-closeable air tight sterile Lab Guard Polyethylene (LDPE/LLDPE Blend) Biohazard Specimen 

Bags. Dry matter, protein content, ash content, gross energy and ether extract were determined (AOAC, 

2005).  
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4.3.3. Microbiological Analysis  

Total viable count for E.coli was performed by following the method adopted by Cunningham et al. (2011). 

Salmonella and Mycoplasma counts were carried out by using the method of Cappuccino and Sherma 

(2007), while HA/HI was performed to determine the viral load of NDV (AOAC, 2005). 

4.4. Statistical Analysis  

The data were analyzed by one-way ANOVA under completely randomized design (CRD) using PROC 

GLM in SAS 9.1 software (SAS Institute Inc., 2002-03). Significant treatment means were compared 

through Duncan’s Multiple Range (DMR) test (Duncan, 1955) at 5% probability level. Each pen was 

considered as experimental unit. 

4.5. Results and Discussion 

4.5.1. Temperature  
Temperature is a crucial marker of composting process, which indicates the degradation of organic 

materials and affects composting efficiency (Wu et al. 2017). During composting process, the microbial 

activities are greatly affected due to temperature transitions (Tiquia and Tam 2002). During primary phase, 

the highest temperature (166.50F) was recorded in M2, whereas, control group showed minimum 

temperature rise (156.9 0F). Similar, trends were observed during secondary and curing phases. Abrupt rise 

in temperature among inoculated treatment bins might be due to the intensive microbial activities (Wang 

et al. 2019). Significantly higher (P<0.05) temperature during primary phase in M2 bin might be due to 

the addition of microbial biocatalysts, as these carry more decomposing microbes, which are responsible 

for rapid decomposition of dead birds and rise in temperature. Wei et al. (2018) observed a thermal 

activation during the thermophilic phase, after the microbial inoculation leading to a maximum temperature 

in M2 than other treatments. As M2 treatment contained both Lactobacillus spp. and Bacillus spp. that 

might have combined action in producing a synergistic effect during composting process. Significantly (P 

< 0.05) higher temperature in M2 treatment strengthens our opinion that Lactobacillus spp. produce acidic 

environment and lower pH, while Bacillus spp. works better in acidic environment and decompose organic 

matter, promoting the degradation of carcass and rapid increase in the temperature (Xie et al. 2012; Zhao 

et al. 2018).The findings of the present study are substantiated by those of Raza (2016) who indicated that 

the biological activities of aerobic microbes resulted into rise in temperature to 155-160°F within couple 

of days during dead birds composting. Significantly (P< 0.05) the lowest temperature in control group 

revealed that it had no bio-catalysts, therefore it might have lesser microbial activity as compared to other 

treatment groups leading to slow increase in temperature as also reported by Hassen et al. (2001) that 

temperature of the compost bin directly depends upon the microbial count in the compost material and it 

decreases with decline in microbial activity. Similarly, L1 (Lactobacillus spp. 5%), L2 (Lactobacillus spp. 

10%), L3 (Lactobacillus spp. 15%) and B1 (Bacillus spp. 5%), B2 (Bacillus spp. 10%), B3 (Bacillus spp. 

15%) showed higher temperature than control group because of higher microbial activity but lower than 

M2 due to synergistic effect of microbes. Furthermore, varying doses of biocatalysts can be effective but 

up to a certain limit as temperature increased, it started to neutralize the microbes. According to Kube 

(2002), temperature beyond 135ºF is enough to neutralize most of the pathogenic microorganisms and 

most of Lactobacillus and Bacillus spp. becomes ineffective beyond 140-1500F indicating that too much 

dose of bio-catalysts may not be beneficial in the long run. Moreover, it was observed that with the passage 

of time, emission of gases occur due to microbial activity that results in reduction of size of material that 

shortens the oxygen supply thus slowing down the microbial degradation process and lowering temperature 

toward end of each phase because appropriate quantity of oxygen is necessary for the aerobic composting 

(Ghao et al. 2010).  

4.5.2. Moisture 
At the start of primary phase, moisture was maintained around 60%, as the compost process progressed, 

compost bin treated with M2 and M3 showed more moisture loss. The lowest moisture (62.6% and 62.4%) 

was recorded in control group and L1, respectively. The moisture loss is directly proportional to rise in 

temperature (Petric et al. 2012) which attributes to the reason of greater moisture loss from M2 and M3 as 
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compared to Control group and L1 having significantly the lowest temperatures rise in all three phases of 

compost process. The current study was conducted during summer conditions with desired moisture level 

around 55-60% in the compost process (Salma et al. 2006) to maintain the optimal thermophilic conditions 

as high moisture above 65-70% is not recommended (Nahm, 2005), because it draws out oxygen from tiny 

holes/ pores of the compost pile and deteriorates its aerobic and microbial activity. During the primary 

heating phase and thermophilic phase, decline in moisture contents was due to the increase of 

decomposition reactions taking place and evaporation throughout the overall compost process (Wan et al. 

2020). As moisture contents decreased, the pace of compost process also decreased (Bernal et al., 2009). 

In curing phase, significantly the lowest moisture contents in M3 (inoculation group) than the control 

group, strengthens our findings that microbes in the inoculation bin were more active than non- 

inoculated/control bin.  

4.5.3. pH 

pH is known to be the most important for driving variation in bacterial communities during compost 

process (Wang et al., 2019).Significant (P<0.05) differences were observed among different treatment 

groups regarding pH values during compost process. During primary phase, pH showed a decline due to 

the production of organic acids by microbes as the highest pH (7.3) was observed in control group, while 

the lowest pH (6.5) was recorded in M2. Decline in pH among inoculated treatment group (M2) can be 

due the addition of both Lactobacillus and Bacillus spp. that produced organic acids (Xie et al. 2012) and 

lowered the pH as compared to control group having no inoculants, thereby less microbes. In thermophillic 

phase, pH increased and the highest pH was observed in M2 while the lowest in control group. Rise in pH 

could be attributed to higher microbial activity due to inoculation as Bacillus spp. consumed acid and by 

degradation of N-containing compounds as ammonia was released and accumulated in the composting 

piles, which leads to rise in pH values (Yu et al. 2019). It was also noticeable that the pH value in M2 

treatment increased more rapidly with increasing temperatures due to the more vigorous microbial action. 

However, studies from Zhang et al. (2017) suggested otherwise that as the decomposition process 

advances, ammonia volatilized and the presence of H+ cause decline in pH. Zhou (2017) also reported 

similar findings that pH decreases with progress of compost process. It was observed that addition of 

(biocatalysts) inoculants enhanced the pH of compost bins in M2 treatment because of metabolic activities 

of microbes having synergistic effect and protein degradation which liberates the ammonia in M2 compost 

bin.  

4.5.4. CO2 
The rapid increase in the temperature results in intense oxidation of organic matter and produce gases like 

NH3 and CO2 (Guo et al. 2020), while biodegradation of organic matter by microbes produce large amount 

of energy (Yin et al. 2019). CO2 is one of the main gases produced during compost process from the 

microbial decomposition of dead birds, thus, higher CO2 emissions can be a good indicator of the higher 

microbial activity (Zhang et al. 2017; Awasthi et al. 2016).Significantly (P<0.05) the highest CO2 emission 

(102.37 and 101.64g/day) was observed in L2 and L3, respectively, while the lowest CO2 emission (79.92 

g/day) was recorded in control group, which advocates current  findings that synergistic effect of 

Lactobacillus spp. and Bacillus spp. produced the highest microbial activity as compared to single 

treatment of Lactobacillus spp. or Bacillus spp. in the compost process. Previously, it is also documented 

that inoculating compost with (bio-catalysts) microbial inoculum can enhance the activity of microbial 

enzymes and promote the bio-degradation of compost material (Li et al. 2020). Similarly, significantly 

(P<0.05) the highest CO2 emission (102.37 and 101.64g/day) in L2 and L3 also strengthens current 

findings that higher dosage of various inoculants in combination is more beneficial than single inoculant 

at lower dose (5 or 10%). Moreover, towards the end of composting process, the CO2 emissions declined 

to less than 9-10 g/day, indicating the stability of the end product (Awasthi et al. 2016). 

4.5.5. Proximate Analysis 

The variation in DM among all treatments groups is mentioned in (Table.4.2). At start of experiment, the 

DM contents of all the treatments ranged from 84.1‒82.5%. Treatments added with blend of (Lactobacillus 

spp. and Bacillus spp. 10%) M2 and (Lactobacillus spp. 10%) L2 had a significant impact on DM contents 

whereas the control group showed significantly the lowest dry matter values. Significantly the higher DM 



EXPERIMENT NO. 2 

32 

contents among inoculated treatment groups might be due to the higher microbial activity leading to higher 

temperature and greater moisture loss. Gajalakshmi and Abbasi (2008) also observed similar pattern that 

higher microbial activity was responsible for heat generation and reduction in the moisture contents and 

volume of the finished product, while increasing the dry matter contents in the mature compost. The DM 

content in all treatments gradually increased with the progression of compost process which could be due 

to the biodegradation of organic matter by the microorganisms (Bernal et al. 2009; Zhao et al. 2018). This 

increase in DM contents among inoculated treatments was in line with the observations mentioned by 

SánchezGarcía et al. (2015) and Liu (2017) that addition of bio-catalyst may enhance both the porosity of 

the compost recipe and activity of the microbial community, thereby supporting the aerobic microbial bio-

degradation of organic matter. 

Current trial revealed that CP contents of all the inoculated samples were higher than the control. 

Significantly the lowest CP contents in control group (C) might be due the lower microbial activity and 

slow decomposing process. It is also understandable from previous discussion that lower amount of DM 

contents resultantly lowered the CP contents. Moreover, maturation process in control group was the 

slowest as compared to other treatment groups which might have decreased the CP contents as Sivakumar 

et al. (2007) observed that CP contents decreases with the time taken by the process to mature the compost. 

Likewise, intensity of microbial bio-degradation of carcass during composting might also be the reason of 

higher CP contents in M2 and B2 treatment groups than in the control group (Babatope et al. 2012). These 

microbes utilize carbohydrates during their cell synthesis and convert ammonium nitrogen into 

proteinaceous nitrogen (Singh and Sharma 2000) thus adding up the nitrogen concentration and CP value. 

Moreover, some Bacillus spp. has the enzymatic capability to degrade feather’s keratin to smaller proteins 

and amino acids that can further increase CP contents in end product (Burrt and Ichida 1999). It is well 

documented that CP contents are directly dependent on the amino acids and nitrogen contents available in 

end product (Migliano et al. 2016). Significantly higher N contents among inoculated treatments might be 

due to the nitrification phenomenon (Wang et al. 2019). Most of the Bacillus spp. belongs to ammonia 

oxidizing bacteria class which may have slowed down nitrification process and limit the N loss. Xie et al. 

(2012) found that sprinkling of NH3-oxidizing bacteria can limit the ammonia emission and increases N 

contents which adds to CP contents in the finished product. Furthermore, significantly the lowest CP 

contents in the control group (C) might be due to its slow composting process and NH3 emission that 

resulted in N loss. Similarly, higher doses of Bacillus spp. and consortium also indicate significantly higher 

CP contents that advocates our point of view that supplementation with N oxidizing microbes can reduce 

N loss and promote CP contents in mature compost. Current experiment showed that 10% concentrations 

of Bacillus spp. (B2) and consortium (M2) were better suited than 5% or 15% which could be due to the 

volume of compost bin that 10% concentration had enough microbes to react on given organic matter than 

5% and higher concentrations which might have created hindrance by reversing the oxidation process with 

releasing of too much enzymes. 

Results showing values of ether extract, ash contents and gross energy are given in Table. 4.2. Ether extract 

mainly includes complex organic materials that are soluble in ether and chiefly comprised of fats and fatty 

acids in mature compost while ash contents represent the incombustible portion of the end product. Means 

of ether extract showed significant differences (P<0.05) among different treatment groups as the highest 

E.E values were recorded among M2 and M3 treatments. Ether extracts are major source of energy contents 

being high in fats and oils (Dinel et al. 2001) and their proportion is dependent on DM contents. A decline 

in ether extract was observed as the compost matured. These findings are in line with those of Sivakumar 

et al. (2007), who also recorded decrease in ether extract content with the passage of time. No marked 

differences (P>0.05) were observed in ash contents of different treatment groups but numerically M2 and 

B1 showed the highest ash contents while the lowest values were recorded in control group. Bukhari (2017) 

reported that total ash content gradually increases as the total organic content decreases when the progress 

in composting process which is due to the degradation and mineralization of organic matter. Slightly higher 

ash contents among M2 and B1 treatment groups might be due to the nitrification phenomenon (Wang et 

al. 2019) as majority of the Bacillus spp. belongs to ammonia oxidizing bacteria which might have favored 

retention of mineral contents in end product (Xie et al. 2012). Sivakumar et al. (2007) reported that 
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variation in total ash contents might be due to silica or dust particles present in bulking agent or present on 

composting site.  

In poultry, the distribution of feed energy is based on the gross energy (GE), digestible energy and 

metabolisable energy (West, 2018). The gross energy of compost is determined as the total amount of heat 

(energy) released from its bond breakage while burning completely in the presence of oxygen in a bomb 

calorimeter while other two need in vivo bio-assays. So, gross energy (GE) was opted as standard 

parameter during the current study and M3 and M2 treatment had the highest GE values among treatment 

groups as given in Table 4.2. According to West (2018), GE is directly dependent on the crude protein 

(CP) and fats (ether extract) available in experimental stuff (compost) which support the current findings 

that the lowest GE level among control group was due to the significantly (P<0.05) the lowest levels of 

CP and ether extract contents (oils and fats). Significantly (P<0.05)  the highest energy values among M3 

and M2 treatment groups were due to superior CP, EE and dry matter values. Current results are also in 

line with the findings of Lopez and Leeson (2008) that CP values are proportional to N contents that decide 

the GE contents in end product which cement the opinion that bio catalytic inoculation enhanced the 

proximate profile of end product. Dinel et al. (2001) also quoted similar results that energy in compost is 

directly proportional to ether extract (oil and fats) thus higher EE contents in M3 and M2 was responsible 

for higher GE values in compost. 

4.5.6. Mineral Count 

The nitrogen contents showed significant differences (P≤0.05) among different treatment groups as the 

maximum value of nitrogen contents were recorded in the B2 bin inoculated with Bacillus spp. while the 

lowest nitrogen contents were observed in control group having none of inoculants (bio-catalysts). 

Significantly higher N contents in B2 could be attributed to the nitrification phenomenon (Wang et al. 

2019). Most of the Bacillus spp.is NH3 oxidation bacteria which might have slowed down nitrification 

process. The findings from Xie et al. (2012) revealed that supplementation with NH3-oxidizing bacteria 

can reduce NH3 emissions and increase N contents by reducing N loss in form of gases. Jiang et al. (2015) 

also showed that inoculating with nitrogen turnover bacteria, NH3 emissions can be reduced that helps in 

increasing nitrogen contents in the end product. Similarly, the lowest N contents in control group might be 

due to its slow composting process. These results are in line with the observations of Sivakumar et al. 

(2007) who reported that nitrogen is reduced during the process of composting. Lin et al. (2013) also 

observed, decrease in N contents through NH3 loss due to slow speed of composting process. The results 

showed that 10% concentration of Bacillus spp. was more suitable than 5 or 15% which might be due to 

the volume of compost bin that 10% concentration had enough microbes to react on the given organic 

matter, than 5% and higher concentrations which might have faced bottle neck by reversing the oxidation 

process by releasing too much enzymes. The findings from Penaud and Cobiotex (2000) substantiate our 

results that enzymes (ammonia mono oxygenase and hydroxyl amine oxidoreductase) released from 

Bacillus spp. microbes work better in combination at fixed concentration rather than in higher 

concentration. 

Moreover, significant differences (P≤0.05) were observed regarding potassium contents among different 

treatment groups as the highest K contents were recorded in the B3 and B2 treatment groups (Bacillus spp. 

15% and 10%) while the lowest potassium contents were recorded in control group. Significantly (P≤0.05) 

highest K content in B3 might be due to the presence of solubilizing bacteria that mobilizes K by 

solubilization of polysaccharides and organic minerals of compost and contributes in increasing the 

potassium available in the end product (Penaud and Cobiotex 2000). Hankin et al. (1976) also reported 

similar findings that higher K contents in the inoculated treatments might have been due to Potassium 

immobilization and assimilation by microbes. Similarly, the lowest K contents in control group could be 

attributed to less microbial activity due to which all the organic matter of bird’s carcass did not breakdown 

leading to lower K levels in the finished compost. Moreover, compost process in control group was slow 

as compared to other treatment groups which may have decreased the K contents as Bukhari et al.  (2017) 

also reported loss of minerals (K contents) if the compost process is slow. 

The phosphorus contents revealed no significant difference (P>0.05) but numerically the highest P contents 

were recorded in the L3 (Lactobacillus spp. 15%), while control group exhibited the lowest P contents. 
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The process of decomposition in L3 was rapid as compared to control group which could  have promoted 

mineralization as Khan et al, (2018) also reported that breakdown of organic matter leads to mineralization 

of the larger molecules to simpler molecules (N, K, and P) . According to Penaud and Cobiotex (2000), 

Lactobacillus spp. has tendency of P solubilization by producing phosphate releasing enzymes and 

production of organic acids (like oxalic acid and carbonic acid) which further increases P liberation from 

complex molecules. Moreover, Valente et al. (2014) also advocate our findings that higher microbial 

activity lead to P mobilization through breakdown process of compost materials. 

4.5.7. Salmonella and Mycoplasma and E. coli count 

Despite the advances in vaccination development and application of strict bio security measures, poultry 

diseases pose a serious threat to flock health and environment (Costa et al. 2019). Higher number of 

mortality in the broiler farming means that heavily contaminated carcasses that caused the mortality of 

birds and need to be composted in a manner that will yield the compost free from these harmful bacteria 

(Ichida et al. 2001). Addition of bacterial culture had a non-significant impact on Salmonella, E.coli and 

Mycoplasma count. Bin composting technique comprised of two heating cycles (thermophilic and 

mesophilic stages), which might have reduced Salmonella and Mycoplasma counts to undetectable level. 

It is logical that abrupt rise in temperature during first few days, due to microbes present in inoculums 

might have effectively neutralized pathogenic organisms e.g. Salmonella, E.coli and Mycoplasma because 

it is well documented that exposure to high temperature for longer duration can significantly neutralize 

Salmonella and Mycoplasma (Bicùdo and Goyal 2003;  Vinodkumar et al. 2014). Likewise, the findings 

of Bary and Miles (2001) also endorse our results that no pathogenic microbes survived in composted 

material after the completion of composting process. Long duration and consistent temperature above 

1450F during compost process kills harmful pathogens and helps to control disease outbreak (Bonhotal et 

al. 2000). Furthermore, in earlier studies, Imbeah (1998) reported that composting process reduced the 

pathogenic organisms due to the high temperature. Moreover, Bacillus subtilis, is considered to produce 

antifungal substances that control pathogens (Phae et al. 1990), while, some other strains of Bacillus 

licheniformis can produce the antibiotic bacitracin that can effectively counter various bacteria present in 

dead birds (Ichida et al. 2001). These findings corroborate current results of microbial inoculation and their 

effect against Salmonella, E.coli and Mycoplasma counts in finished product. Li et al. (2020) reported that 

Lactobacillus spp. secrete large amounts of lactic acid and antimicrobial peptides that inhibit the growth 

of potentially harmful bacteria. Similarly, resulting acidic environment reduces the pH value and increases 

the temperature which inhibit potentially harmful bacteria (Yin et al. 2019). 

4.5.8. Immune Response 

Broiler is a very fragile bird and susceptible to viral diseases like Newcastle disease (ND) caused by 

paramyxoviradae. Broiler birds have an active defense mechanism called cellular immunity which protect 

them against all these diseases and can be used as a marker of immune response against particular disease. 

Haem Agglutination (HA) and Haem Inhibition (HI) are techniques of blood coagulation by specific 

antigen (virus), used to check titers and to obtain effective information of bird’s immunity against 

Newcastle disease (ND). NDV titers showed non- significant differences among different treatment 

groups. These non-significant results showed that all viruses may have been neutralized effectively from 

heat generated by microbes during compost process regardless of inoculant type and dose. As the birds 

were collected from healthy flock, therefore , it could be  possible that composted birds might not have 

NDV infection or exposure to field virus that lead to non-significant results for ND titers during HA/HI 

procedure. Costa et al. (2019) also observed that exposure to high temperature of 135–1400F for few days 

is sufficient to kill almost all the viruses, bacteria and protozoa. Elving et al. (2012) also had similar 

findings that mesophilic temperature (131oC) was enough to neutralize NDV and H7N1 viruses when birds 

effected with avian influenza were subjected to composting. 

4.6. Conclusions 

Bio-catalytic inoculation not only curtailed the long duration of natural compost process from 45 to 32 

days but also improved the quality of end product. Moreover, combined application of inoculants (bio-

catalyst) may be helpful in promoting the composting process, whilst using varying dose of consortium 
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(cocktails) of microbes may increase efficiency and quality of the end product in dead bird’s composting 

following bin composting technique.  
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Table.4.2. Proximate composition of dead bird’s compost treated with different biocatalysts. 

a-bTreatment means within a column bearing the different letters are significantly different (P≤0.05). 

C: Control, L1: Lactobacillus spp. 5%, L2: Lactobacillus spp. 10%, L3: Lactobacillus spp. 15%, B1: 

Bacillus spp. 5%, B2: Bacillus spp. 10%, B3: Bacillus spp. 15%, M1: Lactobacillus + Bacillus 5%, M2: 

Lactobacillus + Bacillus 10%, M3: Lactobacillus + Bacillus 15% 

DM: Dry matter, CP: Crude protein, EE: Ether extract, Ash: Ash contents, GE: Gross energy 

 

Table.4.3. Mineral analysis of dead bird’s compost treated with different biocatalysts. 

a-bTreatment means within a column bearing the different letters are significantly different (P<0.05). 

C: Control, L1: Lactobacillus spp. 5%, L2: Lactobacillus spp. 10%, L3: Lactobacillus spp. 15%, B1: 

Bacillus spp. 5%, B2: Bacillus spp. 10%, B3: Bacillus spp. 15%, M1: Lactobacillus + Bacillus 5%, M2: 

Lactobacillus + Bacillus 10%, M3: Lactobacillus + Bacillus 15% 

N: Nitrogen, K: Potassium, P: Phosphorous 

  

Treatment DM (%) CP (%) Ash (%) EE (%) GE (K cal/Kg) 

C 85.95d ± 0.36 17.75b ± 0.15 7.83 ± 0.49 4.48e ± 0.18 2274.63b ± 23.34 

L1 87.29bcd ± 0.56 18.09b ± 0.22 8.50 ± 0.39 4.53e ± 0.18 2327.97b ± 5.73 

L2 90.70a ± 0.69 20.10a ± 0.26 8.08 ± 0.54 5.19bc ± 0.17 2492.97a ± 36.80 

L3 87.10a ± 0.22 18.66b ± 0.51 8.05 ± 0.26 4.60cde ± 0.18 2482.33a ± 35.76 

B1 87.17bc ± 1.09 18.04b ± 0.22 8.78 ± 0.15 5.14bcd ± 0.17 2317.97b ± 5.73 

B2 89.40ab ± 1.17 20.35a ± 0.26 8.70 ± 0.28 4.99bcde ± 0.23  2482.97a ± 36.80 

B3 87.51bcd ± 0.44 18.61b ± 0.51 8.33 ± 0.22 6.11a ± 0.23 2472.33a ± 35.76 

M1 87.38bcd ± 0.59 18.16b ± 0.22 8.57 ± 0.39 5.26b ± 0.17 2341.97b ± 5.73 

M2 90.50a ± 0.37 20.47a ± 0.26 8.82 ± 0.28 6.16a ± 0.23 2506.97a ± 36.80 

M3 87.23cd ± 0.22 18.73b ± 0.51 8.45 ± 0.43 6.23a ± 0.23 2496.33a ± 35.76 

P-value 0.0005 < 0.0001 0.5890 < 0.0001 < 0.0001 

Treatment N K P 

C 1.32 f ±0.05 0.85 c ±0.02 0.82±0.01 

L1 2.19 e ±0.03 0.92 bc ±0.05 0.93±0.03 

L2 2.39 bc ±0.05 1.27a±0.04 0.93±0.01 

L3 2.22 e ±0.04 1.28 a ±0.04 0.94±0.02 

B1 2.36 bcd ±0.03 1.01 b ±0.05 0.86±0.03 

B2 2.56 a ±0.05 1.36 a ±0.04 0.86±0.01 

B3 2.39 bc ±0.04 1.37 a ±0.04 0.88±0.03 

M1 2.25 de ±0.03 0.95 bc ±0.05 0.87±0.01 

M2 2.45 ab ±0.05 1.30 a ±0.04 0.90±0.01 

M3 2.28 cd ±0.04 1.30 a ±0.04 0.89±0.03 

P-value <.0001 <.0001 0.0062 



EXPERIMENT NO. 2 

39 

Table.4.4. Microbial Count of dead bird’s compost treated with different biocatalysts. 

a-bTreatment means within a column bearing the different letters are significantly different (P≤0.05). 

C: Control, L1: Lactobacillus spp. 5%, L2: Lactobacillus spp. 10%, L3: Lactobacillus spp. 15%, B1: 

Bacillus spp. 5%, B2: Bacillus spp. 10%, B3: Bacillus spp. 15%, M1: Lactobacillus + Bacillus 5%, M2: 

Lactobacillus + Bacillus 10%, M3: Lactobacillus + Bacillus 15% 

Salmonella: Salmonella gallinarum, MG: Mycoplasma gallicepticum, E coli: Escherichia coli, ND: New 

castle Disease virus 

 

 

Figure 4.1.Trend of Temperature during different stages of compost inoculated with varying dose of 

Lactobacillus sp. 
 

Treatment Salmonella MG E coli ND 

C 0.00±0.00 0.00±0.00 3.27±0.02 4.33±0.88 

L1  0.00±0.00 0.00±0.00 3.33±0.01 3.67±1.86 

L2 0.00±0.00 0.00±0.00 3.36±0.05 4.33±0.67 

L3 0.00±0.00 0.00±0.00 3.35±0.06 4.33±0.33 

B1 0.00±0.00 0.00±0.00 3.32±0.01 4.00±1.00 

B2 0.00±0.00 0.00±0.00 3.35±0.10 4.33±1.20 

B3 0.00±0.00 0.00±0.00 3.34±0.17 4.00±1.00 

M1 0.00±0.00 0.00±0.00 3.34±0.01 4.00±0.58 

M2 0.00±0.00 0.00±0.00 3.37±0.06 4.00±1.00 

M3 0.00±0.00    0.00±0.00 3.36±0.03 3.67±1.33 

P-value -- -- 0.9959 0.9999 
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Figure 4.2.Trend of Temperature during different stages of compost inoculated with varying dose of 

Bacillus spp. 

 
Figure 4.3.Trend of Temperature during different stages of compost inoculated with varying dose of 

consortium (Lactobacillus spp. + Bacillus spp.). 
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Figure 4.4.Trend of Moisture during different stages of compost inoculated with varying dose of 

Lactobacillus spp. 

 
Figure 4.5.Trend of changes in Moisture during different stages of compost inoculated with varying 

dose of Bacillus spp. 
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Figure 4.6.Trend of changes in Moisture during different stages of compost inoculated with varying 

dose of consortium (Lactobacillus spp. + Bacillus spp.) 

 
Figure 4.7.Trend of pH during different stages of compost inoculated with varying dose of 

Lactobacillus spp. 
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Figure 4.8. Trend of pH during different stages of compost inoculated with varying dose of Bacillus 

spp.

 
Figure 4.9.Trend of pH during different stages of compost inoculated with varying dose of 

consortium (Lactobacillus spp. + Bacillus spp.)  
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CHAPTER 5 

EXPERIMENT NO. 3 

Impact of feeding varying levels of inoculated compost on production performance, egg 

morphometric traits, and immune response of commercial layers during peak production phase 

5.1.       Abstract 

A study was conducted to evaluate the impact of varying dietary inoculated compost levels on production 

performance, egg morphometric traits, egg organoleptic characteristics and immune response of LSL white 

laying hens during peak production phase (28 to 40 weeks). For this purpose a total of 270 birds of LSL 

white laying hens were randomly distributed to 5 dietary groups with 6 replicates each in Techno battery 

cages having 9 birds per replicate following Completely Randomized Design (CRD). Experimental diets 

were comprised of increasing level of inoculated compost (0, 3, 6, 9 and 12%) and each diet was balanced 

through Win-Feed 2.8 software to make it iso-caloric and iso-nitrogenous. Results revealed that feed intake 

and cumulative egg mass was not affected by any treatment (P>0.05), however, control group fed at 

commercial diet exhibited better egg production, egg weight, feed efficiency and livability%. Data 

regarding egg morphometric traits including shape index, shell strength, yolk index and immune response 

against NDV showed non-significant differences, although slightly better Haugh unit was observed in 

control group. Slightly downward trend in egg sensory characteristic values was recorded with increase in 

compost level. Moreover, no marked effect (P>0.05) was observed on eggs per dozen cost which indicate 

that compost can be utilized in layer feed up to 9% without much adverse effects on production 

performance, egg morphometric traits, egg sensory characteristics and immune response of laying hens 

even at peak production. 

Key words: compost, laying hen, production performance, morphometric traits, immune response 

5.2. Introduction 

In Pakistan, poultry is a prominent segment of livestock sector as it plays a pivotal role to provide animal 

protein in the form of meat and eggs for human consumption. No doubt the progression of poultry sector 

is due to intensive poultry farming, however, this housing system has resulted in the generation of huge 

amounts of waste materials e.g. poultry litter and dead bird carcass (Bolan et al. 2010) that have revamped 

the ecological balance during the last few years (Benitez, 1990; Ramos et al. 2002). The most common 

practical applications of these wastes is in agriculture lands as an organic fertilizer (Goud, 2012) but this 

also comes up with some serious concerns on environment pollution and underneath water quality through 

leaching effect.  

A very effective and cost-saving choice for the disposal of such poultry wastes (litter, dead birds) is to 

process these wastes through composting as useful feed ingredients (Tadele, 2015). Composting is a bio-

degradation process of organic waste to useful end product, carried out in aerobic environment by naturally 

occurring fungi, bacteria and other microbes (Charnay, 2005; Turan, 2009). Untreated poultry wastes may 

contain numerous spores from harmful bacteria and other pathogenic organisms (Fontenot, 1999; Rothrock 

et al. 2008) as well as metals and drug residues which can be a serious health concern for animals and 

humans (Line and Baile, 2006; Rothrock et al. 2008). So, public concerns over the use of large quantities 

of such wastes in animal feed have limited its acceptability as alternative feed ingredient (Bolan et al. 

2010). Hence, it is necessary to process all poultry wastes to be used in poultry diet for better storage, 

improved palatability, elimination of potential pathogens and enhanced bio-availability of ingredients in 

end product (Kawata et al. 2006). 

Poultry feed formulation is primarily based on corn-soy which are the most expensive components of the 

feed that’s why 70 - 80% of production cost in poultry is incurred on feed (Yashim et al. 2007). The paucity 

and high cost of such ingredients are limiting factors for the development and sustainability of poultry 

industry. Moreover, feed stuffs used for poultry feed are also consumed by human being which further 

combine to add up competition and there is strong possibility of short supply of these feedstuffs within 

next decade due to ever increasing human population (Cribb, 2010).The scarce production of local 

feedstuff has forced nutritionists to explore viable agricultural and poultry-by product based alternatives 

to meet nutrient requirement of poultry industry (Onu, 2011). Processed poultry waste is considered as a 
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good source of nutrients like crude protein, fiber and some essential minerals (Mushtaq et al. 2018). 

Feeding processed animal waste to lactating animals as alternate feed supplement is well documented in 

the literature (Bolan et al. 2010). However, not much literature is available regarding use of compost in 

poultry diet. Thus, the current study was carried out to investigate the effect of different dietary compost 

levels on production performance, egg morphometric and quality traits, egg sensory characteristics and 

immune response of laying hens during peak production phase. 

5.3. Materials and Methods 

Present trial was performed in continuation of the experiment-2 and the dead bird’s compost treated with 

the consortium of Bacillus spp. and Lactobacillus spp. at 10% concentration was selected for dietary use 

in commercial layers. Compost produced after the inoculation of 10% concentration produced superior 

quality end product having desired nutrient profile and least pathogenic load. Results of proximate analysis 

are shown in Table 5.1.  

A 12 weeks (28 to 40 weeks) feeding trial was conducted at Shaheen Commercial Layer Farm, Sahiwal, 

Pakistan (30.596759, 72.941313) to investigate the effect of different dietary compost levels on production 

performance, egg quality traits and immune response of commercial layers. In total, 270 birds (28-week 

old) of LSL white laying hens were randomly distributed to 5 dietary groups with 6 replicates each in 

Techno battery cages having 9 birds each at 15L: 9D photoperiod and 20-25 lux light. Compost obtained 

after inoculation having desired nutrient profile and least pathogen load was  used in increasing pattern (0, 

3, 6, 9 and 12%) and each diet was balanced through Win-Feed 2.8 software to make it iso-caloric ( 2750 

Kcal/Kg ) and iso-nitrogenous( 17.25- 17.5 % ). Dietary groups were labelled as D1 (control/ basal diet 

without compost), D2 (diet containing 3% compost), D3 (diet containing 6% compost), D4 (diet containing 

9% compost) and D5 (diet containing 12% compost). All birds were weighed individually, given 

preventive antibiotics for 3 days and vaccinated against New Castle Disease (ND), 7 day prior to start of 

trial. Clean and fresh drinking water was provided ad-libitum through nipple drinking system. 100g/bird 

daily feed was offered to all birds and feed intake was recorded by subtracting feed refusal from feed 

offered. Manual egg collection was done every day before the start of automatic conveyer belt to ensure 

the exact egg numbers of egg laid in every cage. 

5.3.1. Data collection 

5.3.1.1. Production performance  
Data recorded during experiment included average daily feed intake, fortnightly body weight, daily egg 

number, daily egg weight and daily mortality (if any). The recorded data were used to calculate weekly 

feed intake, percent daily egg production, cumulative egg mass, feed cost/dozen eggs, and percent 

livability. Both egg production and feed intake were measured on a hen/day basis. Feed intake was 

calculated as the total feed offered minus total feed refusal. Egg production percentage was calculated as 

the ratio between total egg production and number of females multiplied by 100. Daily egg weight was 

recorded by using a digital scale with 0.01-g precision whereas egg mass was calculated as the total number 

of eggs multiplied by average egg weight. Feed cost/dozen eggs was calculated as the kg feed consumed 

per dozen eggs whereas FCR/kg egg mass was found out as the kg feed consumed per kg egg mass. 

5.3.1.2. Egg morphometry and quality 
Fortnightly, 90 eggs (3eggs/replicate) were collected and analyzed at Egg Quality Lab, UVAS, Lahore to 

evaluate egg geometry and quality traits following the method described by Rehman et al. (2017). Egg 

weight was measured using a digital scale with 0.01 g precision, while egg length and egg width were 

recorded using a digital Vernier caliper having 0.01 cm precision. Shape index was taken as the ratio 

between egg width and egg length (Anderson et al. 2004), egg volume and egg surface  area  were  

determined  using  two  separate formulae for each parameter and taking the average of the  results  (Etches, 

1996). Later on, each egg was broken through digital egg breaking machine to record shell strength and 

then poured its contents carefully into a petri dish for further analysis. Yolk color was obtained with the 

help of a digital egg tester.  Eggshell  weight  was  recorded with  the  help  of  a  digital  scale  with  0.01 

g  precision. Eggshell thickness was measured without vitelline membranes with the help of a micro screw. 

Yolk index was taken as the ratio between yolk height and yolk width, whereas Haugh unit score was taken 

through formula given below;  
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Haugh unit = 100 × log (H−1.7W0.37+7.6) 

Whereas, H is albumen height and W represents weight of egg. 

Same number of eggs were used at monthly interval for the assessment of sensory evaluation. A group of 

6 semi trained panelists were served with boiled eggs for evaluation and scoring was done from 0 to 10 

(higher was the better) and data were recorded for statistical analysis. 

 

Table. 5.1. Proximate and amino acid profile of dead bird’s compost. 

Chemical composition Quantity 

Dry matter (%) 90.50 

Crude protein (%) 16.4 

Metabolizable energy (kcal/kg) 2506 

Gross energy (kcal/kg) 2510 

Crude fiber (%) 11.3 

Ether extract (%) 6.1 

Ash (%) 8.4 

Calcium (%) 2.45 

Phosphorus (P2O5) (%) 0.93 

Potassium (K2O) (%) 1.40 

Mycoplasma Nil 

E. coli Nil 

Salmonella Nil 

Amino acid (%)  

Cystine 0.1 

Methionine  0.2 

Aspartic acid 0.5 

Threonine  0.3 

Serine  0.3 

Glutamic acid 0.75 

Glycine  0.4 

Alanine  0.5 

Valine  0.3 

Isoleucine  0.25 

Leucine  0.5 

Phenylalanine 0.3 

Histidine  0.15 

Lysine  0.19 

Tyrosine  0.1 

Arginine  0.2 

 

5.3.1.3. Immune response 

One week before the start of trial (27th week), all experimental birds were given 3 days preventive 

antibiotics in drinking water and ND Lasota vaccination was done. At end of trial (40th week) 90 birds 

(3birds/replicate) were randomly picked for blood samples collection (2 mL/sample) from brachial vein 

and antibody responses to ND Lasota vaccine was accessed using HA/HI (haem-agglutination and haem 

inhibition) test. 

5.3.1.4. Economic 

 Economics in terms of feed cost/dozen egg production was calculated at the end of experiment. 

5.3.1.5. Statistical Analysis 

The data were analyzed through one-way ANOVA technique following completely randomized design 

(CRD) using PROC GLM in SAS software (SAS Institute Inc., 2002-03, version 9.13). Significant 
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difference among the means was compared through Duncan’s Multiple Range (DMR) test at 5% 

probability level. Each pen was considered as experimental unit. 

5.4. Results and Discussion 

5.4.1. Production performance 

Data regarding production performance parameters revealed no marked differences (P>0.05) in average 

daily feed intake, cumulative feed intake and livability or uniformity percentage among the treatment 

groups (Table.5.4). However, significant differences were observed among the means of egg production 

and feed efficiency as the hens on control diet produced highest egg production and so on feed efficiency 

while the minimum egg production and feed efficiency was recorded among hens on D4 diet having 12% 

compost in ration. Similar results were also documented by Khan et al. (2019) that supplementation of, 

litter and dead birds compost to laying hens diet up to 10%  resulted into  slightly lower egg production, 

egg weight and feed efficiency although the difference was very marginal. Whereas, other performance 

parameters like average daily feed intake, cumulative egg mass and cumulative feed intake showed no 

marked (P>0.05) differences among all treatment groups which indicate that dead birds compost treated 

with inoculants carry almost similar nutritional potential as commercial diet. These similarities might be 

attributed to the reason that all the diets contained similar values of energy (calories) and protein (nitrogen 

contents) required by hens and had the potential to fulfill the nutritional requirements of laying birds. 

Moreover, some earlier findings also in conformity to our findings as Nesheim (1972) studied four least-

cost formulations including two of them having 22.5% dried layer manure and found no significant 

difference (P>0.05) in the egg production and egg weight. Flegal et al. (1972) observed no significant 

variations in egg production and egg weight while feeding different levels of dried layer manure up to 25% 

in laying hens diet. It was noticeable that livability among hens fed on commercial diet, was the highest as 

the lowest livability (mortality %) was observed among hens fed on D4 diet which might be due to some 

anti-nutritional factors (ANF) present in compost. It is also notable that absence of some enzymes to digest 

particular ingredient is essential, so lack of such enzymes might also be the reason of poor digestibility, 

feed efficiency and livability among hens fed D4 diet. It is evident from the current experiment that dead 

bird’s compost, when properly balanced with other ingredients, may become a potential feed substitute for 

laying hens. 

5.4.2. Egg morphometric and quality traits 

Data on egg morphometric traits showed marked differences (P<0.05) among the means of egg weight, 

yolk color and Haugh unit while shell strength, shape index and yolk index across treatments remained 

unchanged. Egg weight of hens is directly proportional to the quality of diet offered during peak production 

phase. Significantly higher EW among control group birds might be due to balanced diet having all the 

essential amino acids and enzymes that fulfilled the requirements of birds to perform to their maximum 

egg laying potential. Shape index, shell strength and yolk index were not affected by variation in compost 

addition in diets which indicates that compost addition up to 12 % contained all the micro and macro 

minerals, necessary for the development of proper egg shell and shape. Similarly, Odunsi et al. (2013) and 

Khan et al. (2019) used processed hatchery meal in Japanese quail ration without any marked changes 

(P>0.05) on eggshell strength. Contrary to this, Al-Harthi et al. (2009) recorded better (P<0.05) eggshell 

quality when hatchery waste meal (hatched egg shells and deformed dead chicks) was supplemented in 

layer feed up to 16%. Yolk color is changed with the change in feed formulation, as different levels of 

compost in the feed showed marked changes (P<0.05) in yolk color. Presence of colored pigments in diet 

expressed their effects on yolk color, as inclusion of compost replaced a significant portion of corn as 

energy sources, so, corn being a source of xanthophyll, showed marked differences in yolk color. Freshly 

laid eggs were selected for Haugh unit calculation that gave values ranging from 93.35 in control group to 

84.91 among D4 group given 12% compost in diet. Haugh unit is a measure of internal quality of egg and 

mainly depends on egg white and weight of egg (Odunsi et al. 2013). Significantly the highest Haugh unit 

(HU) in control group is linked to higher values of egg white and size of egg which were higher among 

control group than other treatment groups. Flegal et al. (1972) experimented dehydrated layer manure in 

diet of  laying hens at 0, 12.5 or 25% levels and observed improvement (P>0.05) in egg quality parameters.  

Senkoylu et al. (2005) however, recorded a decreasing trend in HU while feeding dead poultry waste in 
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layer diet up to 25% level, proving that internal egg quality might be deteriorated by feeding poultry by-

product or feather meal in the diet. Mahmud et al. (2015) fed hen waste meal to laying hens and found no 

difference (P>0.05) in egg quality up to the level of 4%, indicating that some egg quality parameters like 

Haugh unit and yolk index are not necessarily influenced (P>0.05) by feeding HWM (Odunsi et al. 2013). 

Likewise, Abiola and Onunkwor (2004) also found no marked effect (P>0.05) of feeding hatchery waste 

meal on egg quality characteristics in laying hens.  

5.4.3. Organoleptic traits 

The results of egg sensory characteristics (Table. 5.6) showed similar results among different treatment 

groups (P>0.05) indicating that compost can be supplemented to laying hens diet up to 12% without 

compromising on organoleptic properties of egg. A group of semi trained people (Panelists) found that the 

overall acceptability of eggs from hens offered the compost based was similar (P>0.05) to that of hens fed 

on a commercial feed based on corn-soya formulation (control diet). Findings of Khan et al. (2019) also 

cemented current results that addition of compost to laying hen diet had no marked effects on sensory traits 

of eggs.  

5.4.5. Immune response  

Newcastle disease (ND) is an infectious viral disease characterized by respiratory, visceral and intestinal 

illness in laying birds. Proper vaccination is practiced to avoid this challenge as killed vaccination is done 

right from the day 1 (Awad et al. 2015) and a booster dose is repeated, mostly, after every 40-60 days to 

coup its field challenge. The sole purpose of vaccination is to induce protective immunity against infection 

by certain pathogens like bacteria or virus (Marangon and Busani 2006; Miller et al. 2009). During current 

experiment, it was revealed that compost supplementation up to 12% had no significant effect (P>0.05) on 

immune antibody responses to ND vaccines. The results may, therefore, suggest that diet irrespective of 

the compost inclusion level is safe and imposed neither stress nor decreased immune antibody responses 

in laying hens. However, there is evidence that stressors either nutritional or environmental (Gross, 1985; 

McFarlane and Curtis 1989; Maxwell et al. 1992) may lower immunity and decrease immune antibody 

responses against a variety of particulate antigens, including vaccinations (Siegel, 1985). Again scarcity 

of published data regarding the use of compost in poultry feed caused difficulties in comparing previous 

studies. 

5.4.6. Economics 

Better production with lower feed cost is a fundamental marker of successful commercial layer farming to 

gain maximum output with minimal inputs. During current trial, economics were calculated as amount of 

feed required to produce 1 dozen of salable eggs. From the results obtained, it was revealed that feed cost 

per dozen eggs were significantly (P<0.05) the highest on commercial feed (control diet) as compared to 

diets containing compost (D3). According to PPA (2020) cost per kg of commercially available feed is 

48/Rs whereas compost prepared from inoculation was around 20/Rs, so, with the addition of compost in 

diet up to 9% and 12% significantly replaced a large portion of costly ingredients with low cost compost 

that reduced the feed cost per dozen. However, these results are different from Khan et al. (2019) 

observation who found similar cost of production and feed efficiency while supplementing dead bird’s 

compost in laying birds ration up to 10%. Results from present trial indicate that processed dead bird’s 

compost through inoculation can be supplemented in laying hens feeds up to 9% without any negative 

impact on egg quality and production performance. 

5.5. Conclusions 

An inference thus could be drawn that dead bird’s compost processed through inoculum (bio-catalysts) can 

be used in laying hens diet up to the level of 9% without any negative impact on production performance, 

egg morphometric and quality traits, egg sensory characteristics and immune antibody response. 

Furthermore, the utilization of compost in layer diet can reduce feed cost per dozen eggs by replacing 

costly ingredients while composting of dead birds may also mitigate environmental pollution. 
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Table. 5.2. Ingredient composition of experimental diets. 

 

Ingredients (%) 

Treatments 

C D1 D2 D3 D4 

Corn  57.8 57.5 56 53 52.5 

Compost 0 3 6 9 12 

SBM 12.5 14 13 12.5 11 

CaCO3 5.1 5.1 5.1 5.1 5.1 

Rice Polish 6.5 5 5 5 5 

Fish Meal 6 5.5 5.8 5.5 5 

Canola Meal 3.5 3.5 3.2 3.5 4 

Sunflower Meal 5 4 3.8 3.5 3.5 

Oil 1.2 1.2 1 1 1 

MCP 0.3 0.30 0.30 0.30 0.30 

Sodium chloride 0.2 0.2 0.35 0.2 0.2 

Sodium bicarbonate 0.15 0.15 0.2 0.15 0.15 

DL-Methionine 0.10 0.10 0.10 0.10 0.10 

Choline 0.15 0.15 0.15 0.15 0.15 

L-Lysine HCL 0.04 0.04 0.04 0.04 0.04 

MeriPhyze Enzyme mix 0.01 0.01 0.01 0.01 0.01 

Mineral Premix 0.5 0.30 0.30 0.30 0.30 

Vitamin Premix 0.5 0.20 0.20 0.20 0.20 

Cost 44 42.9 41.84 40.9 40.1 
1C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. SBM (Soyabean meal), 

MCP (Mono calcium phosphate)  

  



EXPERIMENT NO. 3 

52 

Table. 5.3. Nutrient composition of experimental diets. 

 

Nutrients 

Treatments2 

C D1 D2 D3 D4 

Dry matter (%) 88.5 88.7 88.7 88.3 88.4 

Moisture (%) 11.5 11.3 11.3 11.7 11.6 

Metabolizable energy (Kcal/kg) 2780 2772 2762 2745 2757 

Crude protein (%) 17.41 17.28 17.34 17.15 17.29 

Ether extract (%) 5.50 5.45 5.50 5.3 5.4 

Ash (%) 7.58 7.63 7.65 7.5 7.5 

Crude fiber (%) 3.1 3.3 3.8 3.9 4.2 

Arginine (%) 1.09 1.3 1.1 0.9 1.1 

Available phosphorus (%) 0.46 0.48 0.51 0.5 0.44 

Available Calcium (%) 4.85 4.9 4.73 4.95 4.8 

Chloride (%) 0.2 0.16 0.18 0.22 0.2 

Cystine (%) 0.35 0.4 0.35 0.45 0.4 

Histidine (%) 0.4 0.5 0.45 0.4 0.45 

Dig. Isoleucine (%) 0.73 0.8 0.68 0.75 0.81 

Dig. Leucine (%) 1.4 1.35 1.45 1.3 1.5 

Linoleic acid (%) 1.45 1.40 1.48 1.5 1.42 

Dig. Lysine (%) 0.84 0.67 0.75 0.8 0.72 

Dig. Methionine (%)  0.45 0.41 0.45 0.5 0.5 

Methionine+Cystine (%) 0.78 0.73 0.86 0.68 0.75 

Phenylalanine (%)  0.70 0.70 0.70 0.70 0.70 

Potassium (%) 0.75 0.65 0.7 0.8 0.8 

Sodium (%) 0.25 0.2 0.3 0.25 0.25 

Threonine (%) 0.76 0.68 0.61 0.65 0.72 

Tryptophan (%) 0.19 0.16 0.22 0.26 0.17 

Valine (%) 0.79 0.81 0.81 0.76 0.73 
1Diets were formulated on total amino acid basis (TAA). 
2C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 
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Table. 5.4. Effect of different dietary compost levels on performance of laying hens. 

 

Treatments 

Parameters 

ADFI 

(g/bird) 

CFI 

(g/bird) 
EP (%) 

CEM 

(kg/bird) 
F.E LB (%) F.C/D (PKR) 

C 100.18±0.12b 6.01±0.00 92.25±0.34a 3.52±0.01 0.58±0.00a 98.70±0.15 57.23±0.21a 

D1 100.43±0.20b 6.02±0.01 89.49±0.46 b 3.49±0.02 0.58±0.00a 98.16±0.16 57.52±0.29a 

D2 101.53±0.17a 6.09±0.01 89.34±0.15 b 3.48±0.01 0.57±0.00b 98.00±0.28 56.19±0.09b 

D3 101.53±0.40 a 6.09±0.02 88.43±0.17 c 3.46±0.00 0.56±0.00b 96.66±0.16 55.49±0.11c 

D4 101.23±0.52ab 6.07±0.03 85.55±0.27 d 3.34±0.01 0.55±0.00c 96.00±0.28 56.24±0.18b 

P-value 0.0394 0.3870 <.0001 0.0002 <.0001 0.0162 0.0001 
a-cTreatment means within a column bearing different letters are significantly different (P<0.05). 

1Data are means ± SEM representing 5 replicates (n=6) with 9 hens per replicate. 
2ADFI: average daily feed intake, CFI: Cumulative feed intake, EP: egg production, CEM: cumulative egg mass, FE: feed efficiency, LB: livability, 

F.C/D: feed cost per dozen egg. 
3C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% compost, D3: diet containing 9% compost, D4: 

diet containing 12% compost. 
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Table. 5.5.   Effect of different dietary compost levels on egg morphometric and quality traits of 

laying hens. 

Treatment means within a column bearing the same letter are not significantly different (P>0.05). 

1Data are means ± SEM representing 5 replicates (n=6) with 9 hens per replicate. 
2SI: Shape Index, EW: Egg Weight, SS.: Shell strength, YI: Yolk Index, YC: yolk color, HU: Haugh Unit,. 
3C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 

 

Table. 5.6. Effect of different dietary compost levels on organoleptic properties of eggs. 

 

Treatme

nts 

Parameters 

Appearance Color Aroma Taste Texture 
Acceptabilit

y 
ND 

C 6.67±0.02 6.53±0.04 6.72±0.03 a 6.49±0.04 6.60±0.04 6.13±0.02 5.13±0.67 

D1 6.56±0.02 6.36±0.04 6.01±0.03 b 6.16±0.04 6.27±0.04 6.21±0.04 5.47±0.33 

D2 6.52±0.02 6.20±0.10 5.86±0.03 c 6.28±0.04 6.10±0.12 6.08±0.05 5.00±1.00 

D3 6.30±0.02 6.15±0.07 5.79±0.03 c 6.33±0.04 5.80±0.10 5.96±0.03 5.61±1.20 

D4 6.00±0.02 6.18±0.0 5.56±0.03 d 6.12±0.04 5.80±0.10 5.97±0.04 5.29±1.00 

P-value <.0001 <.0001 <.0001 <.0001 0.0004 0.0417 0.915 

Treatment means within a column bearing the same letter are not significantly different (P>0.05). 
1Data are means ± SEM representing 5 replicates (n=5) with 6 hens per replicate. 
2C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 

 

 

 

Treatment

s 

Parameters 

Shape Index 

(%) 

Egg White 

(%) 

Shell 

Strength 

(N) 

Yolk Index Yolk Color Haugh Unit 

C 72.47±0.21 58.74±0.22 a 5.03±0.20 0.40±0.01 9.00±0.57 a 93.35±1.72 a 

D1 74.00±0.6 58.26±0.35 ab 4.43±0.41 0.43±0.01 9.33±0.33 a 90.03±0.09ab 

D2 71.58±0.66 58.02±0.31 ab 4.28±0.25 0.41±0.02 8.66±0.33 ab 88.16±1.87bc 

D3 73.25±0.49 57.70±0.15 b 5.14±0.29 0.42±0.00 9.66±0.33 a 86.31±1.90bc 

D4 73.49±0.54 55.81±0.31 c 4.75±0.38 0.41±0.00 7.66±0.33 b 84.94±0.09c 

P-value 0.0625 0.0002 0.3195 0.2606 0.0399 0.0146 
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CHAPTER 6 

EXPERIMENT NO. 4 
Evaluation of growth performance, carcass characteristics, organoleptic traits and immune response 

of broilers fed diets having varying levels of compost  

A 5-week study was conducted to explore the effects of feeding varying dietary levels of compost on 

growth performance, carcass characteristics, organoleptic traits and immune response of commercial 

broilers. A total of 300 day-old-chicks (Ross-308) were randomly distributed into 05 dietary groups having 

06 replicates of 10 birds each under a completely randomized design (CRD) for the period of 35 days. Iso-

caloric and iso-nitrogenous experimental diets were offered with five different inclusion levels (i.e., 0, 3, 

6, 9 and 12%) of processed compost. Data were analyzed through one way ANOVA using SAS 9.1. 

Performance parameters including weight gain, FCR, carcass yield, breast and thigh yield showed 

comparable results in control group and broilers fed diet having 3% compost as compare to other 

treatments. Whereas, giblets weight, abdominal fat, mortality and antibodies titers showed comparable 

(P>0.05) differences among all treatment groups. The control and 3% dietary groups showed non-

significant scores (P>0.05) for meat organoleptic traits, but overall, the organoleptic score declined with 

an increase in the compost addition in the diet. Serological indices like total proteins, albumin, globulins, 

cholesterol, triglycerides and uric acid among all dietary treatments showed similar results (P>0.05). Feed 

formulation cost decreased significantly with increase in inclusion level of compost. Moreover, least cost 

of production was obtained from control and 03% dietary groups as compared to rest of dietary treatments. 

It was concluded that addition of compost up to 3% in diet had no detrimental effect on growth performance 

of broiler and this level was also economically more viable for efficient broiler production. 

Key words: broiler, compost, performance, carcass characteristics, immune response. 

6.2. Introduction 

Pakistan poultry industry is shaping well when it is compared to other allied industries due to its vibrant 

growth and sustainability. The last one and half decade has seen mammoth capital investment in the poultry 

industry, particularly in environment control housing, hatcheries and feed milling (PPA, 2019). Though 

this progression is welcoming yet it comes up with the production of large amounts of wastes, such as dead 

birds, used poultry litter, hatchery wastes and offal from slaughtering industry (Bolan et al. 2010). 

Mishandling and improper disposal of these waste can generate environmental pollution and health issues 

for animals as well as humans (Sharpley et al. 2007). Disposal in waste pits or lagoons is not adequate and 

poses serious concerns with possible pollution of groundwater, especially in areas with high water tables 

(Wood et al. 2010). Around the world, various methods of poultry waste disposal are being adopted (i.e., 

burning, rendering, landfill, incineration, burial, and composting) each having their pros and cons (Khan 

et al. 2019). Composting is a natural aerobic bio-decomposition process carried out by microorganisms 

(Wilkinson, 2011) that converts organic matter into a nutrient-rich end product (Turan, 2009). 

The poultry sector is highly methodical with its ratio of feed to meat conversion up to 1.5 (Sengor et al. 

2008) that makes broiler one of the most efficient and economically viable meat sources for human 

consumption. Poultry industry mainly relies on plant protein sources for feed formulations, especially 

soybean meal, which is a major protein source due to its sublime amino acid profile (Khusro et al. 2012). 

However, its availability in south Asian countries is limited due to poor crop yield and consumption in 

human food (Ravindran, 2013). So, most of the soybean is imported from Argentine, Brazil and USA, 

which is costly and further adds to overall cost of broiler production (Mendonca, and Jensen, 1989; Willis, 

2003). Moreover, grains that are an essential part of poultry feed are also used in human feed stuffs, which 

further combines to add up competition among humans, animals and birds, are forecasted to be in short 

supply within the next decade due to ever-increasing human population (Cribb, 2010). Processed poultry 

waste is considered a good source of nutrients like crude protein, fiber and some essential minerals (Ozturk 

et al. 2012). Feeding of processed animal wastes to cows and weaned calves in winter as an alternate feed 

supplement is a common practice (Bolan et al. 2010). Considering these limited feed formulation options 

with increasing cost of grains and a glimpse of animal waste addition in the diet have urged scientists to 

find alternative energy and protein sources either for partial or even total replacement to meet the 

nutritional requirements of broiler birds and lessen the feed cost (Das et al. 2009). Presently, a little data 
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is available on the addition of processed poultry wastes in poultry diets and efforts are required to explore 

economical alternate that can not only replace costly feed ingredients but also help to disposed-off and 

recycle these huge amounts of waste efficiently. 

6.3. Materials and Methods 

This experiment was performed to evaluate the growth performance, carcass characteristics and 

biochemical profile of broilers fed at different levels of dietary compost. During this trial dead bird’s 

compost treated with the consortium of Bacillus spp. and Lactobacillus spp. at 10% concentration was 

selected for dietary use in commercial broiler chickens. Compost produced after the inoculation of 10% 

concentration produced superior quality end product having desired nutrient profile and least pathogenic 

load. 

Current trial was conducted at Experimental Broiler House, Department of Poultry Production, UVAS, 

Ravi Campus, Pattoki, for the duration of 35 days. For this purpose 300 day- old broiler chicks (Ross 308) 

were purchased from Pasban Poultry (pvt) Ltd. Commercial Hatchery, Okara. These chicks were weighed 

individually and assigned randomly to 5 dietary groups including control (C; commercial diet without 

compost), D1 (diet containing 3% compost), D2 (diet containing 6% compost), D3 (diet containing 9% 

compost) and D4 (diet containing 12% compost), under completely randomized design (CRD). The data 

were analyzed through one-way ANOVA using Duncan’s Multiple Range test with the help of GLM 

procedure of SAS (SAS Institute Inc., 2003). Each dietary group was replicated 6 times with 10 birds each. 

The birds were kept in 30 floor pens (1 × 1 m2) with 10 birds per pen. Iso-caloric and iso-nitrogenous 

experimental diets were balanced by following the nutritional requirements of broilers (Ross 308) for 

growing and finisher phases. Birds were given one week adaptation period, then experimental diets were 

offered. The growing phase was comprised of 8-24 days while the finisher phase was comprised of 25 to 

35 days. Ad-libitum feed and water supply was assured in controlled environment while strict hygienic 

measures were adopted during the experiment. 

6.3.1 Data collection 

6.3.1.1 Growth performance and carcass traits 

The data were collected regarding growth performance included feed intake, body weight gain, feed 

conversion ratio (FCR) and mortality percentage. Feed consumption and body weight gain were recorded 

on weekly basis of all the replicates. Feed intake was calculated as the difference between total feed offered 

to birds and feed refused while body weight gain was taken individually and averages were calculated. 

Feed conversion ratio was calculated as the ratio between total feed consumed and weight gain by birds. 

Mortality percentage was calculated as the number of birds died relative to the total number of birds 

multiplied by 100. At the end of trial, three birds per replicate were picked up randomly and kept off-feed 

for four hours before slaughtering according to Halal method.  

Parameters including breast, thigh, liver, gizzard, heart and abdominal fat were recorded after de-feathering   

and evisceration of the carcasses. Carcass yield (without skin, shanks, and head), breast, thigh, liver, 

gizzard, heart and abdominal fat relative weights were determined as percentages of live body weight.  

6.3.1.2. Antibody titers 
Blood sample (03 mL) from the brachial vein of each bird was collected in Vacutainer sterilized tubes (BD 

Bioscience, USA) without anticoagulant at the time of slaughtering and serum was separated by 

centrifugation of blood at 4000 rpm for 20 min and then preserved at –20°C for further analysis. Thereafter, 

serum was thawed (4°C) to analyze total protein, albumin, globulin, glucose, cholesterol, triglycerides and 

uric acid spectro-photometrically through commercially available Merck Specialties Pvt. Ltd diagnostic 

kits (Kumar and Nataranjan, 2015). All experimental birds were vaccinated against ND using MSD ND-

LaSota vaccine, one week prior to slaughtering. Antibody titers against Newcastle disease virus (NDV) 

was determined by Haem agglutination and haem inhibition (HA/HI) technique. Plate agglutination/ spot 

test was performed for detection of Salmonella presence in compost. 

6.3.1.3. Sensory evaluation 
After recording the data for carcass characteristics, 250 gm sample of meat from each slaughtered 

birds’ carcass was taken and packed in polythene plastic bags (food grade), tagged and frozen at -20ºC. 

One day later, these samples were thawed and cooked in 500ml hot water (80oC/45 minutes) with 3gm of 
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common salt in aluminum pot without addition of any spices. This cooked meat (breast) was served to a 

group of 09 semi trained panelists for evaluation and scoring was done based on 0 to 9 hedonic scale 

ranking (higher was the better) and data were recorded for statistical analysis. 

Table. 6.1. Proximate and amino acid profile of dead bird’s compost. 

Chemical composition Quantity 

Dry matter (%) 90.50 

Crude protein (%) 16.4 

Metabolizable energy (kcal/kg) 2506 

Gross energy (kcal/kg) 2510 

Crude fiber (%) 11.3 

Ether extract (%) 6.1 

Ash (%) 3 

Calcium (%) 2.45 

Phosphorus (P2O5) (%) 0.93 

Potassium (K2O) (%) 1.40 

Mycoplasma Nil 

E. coli Nil 

Salmonella Nil 

Amino acid (%)  

Cystine 0.1 

Methionine  0.2 

Aspartic acid 0.5 

Threonine  0.3 

Serine  0.3 

Glutamic acid 0.75 

Glycine  0.4 

Alanine  0.5 

Valine  0.3 

Isoleucine  0.25 

Leucine  0.5 

Phenylalanine 0.3 

Histidine  0.15 

Lysine  0.19 

Tyrosine  0.1 

Arginine  0.2 

Table. 6.2. Vaccination Schedule 

6.3.1.4. Economic analysis 

The economics in terms of feed cost/kg live weight gain was calculated at the end of feeding trial. FCR 

recorded during production parameters was multiplied to feed cost per kg of feed to find out economics. 

  

Age (day)  Vaccine   Strain Route 

0  New castle disease VG/GA Spray 

5 Infectious bronchitis  4/91 Spray 

12 Infections bursal 

disease 

Winterfield 2512 Drinking water 

24 New castle disease LaSota Drinking water 
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6.4. Statistical Analysis 

The data were analyzed through one-way ANOVA technique following completely randomized design 

(CRD) using PROC GLM in SAS software (SAS Institute Inc., 2002-03, version 9.13. Duncan’s Multiple 

Range (DMR) test was applied to separate treatment means at 5% probability level.  

6.5. Results and Discussion 

 Feeding diet with varying levels of inoculated compost showed significant differences (P<0.05) among 

different treatments for body weight gain, cumulative feed intake, feed conversion ratio, mortality rate and 

feed cost per kg meat production at 5th week of age (Table. 6.7). The highest BW was recorded in control 

group  and D1 group birds ( 3% compost) while birds fed on diet containing 12% compost (D4) showed 

the lowest BW while, significantly (P<0.05) the highest cumulative feed intake and mortality(%) were 

recorded in D4 group birds. It was noticeable that BW of birds fed on D1 diet (3% compost) was 

comparable to that of control group which indicate that addition of 03% compost treated with bio-catalysts 

in the poultry diet had no negative impact on performance of the birds. Similar findings were also reported 

by Khan et al. (2019) that dead bird’s compost can be utilized in broiler feed with comparable results to 

commercial diet. Christmas et al. (1996) quoted similar results when they added poultry by-product meal 

up to 5% in broiler feed and observed no negative effects on performance parameters. Likewise, Gomez-

Ra (2015) and Maguey et al. (2018) fed leachate from poultry waste compost and found better growth rate 

in broiler chickens. Xavier et al. (2011) and Abiola et al. (2012) found that feather and blood meal can be 

supplemented in broiler diet without any negative impact on growth performance of birds. Recent studies 

from Khan et al. (2019) also advocate current findings that dead bird’s compost can be added in broiler 

feed without any detrimental effects on final performance of flock.  However, significantly higher feed 

intake and mortality among D4 dietary group birds can be related to the texture (palatability) and 

ingredients of diet that having lower quantity of digestible ingredients and absence of enzymes necessary 

for digestion of ingredients. Moreover, significantly the best FCR given by control and D1 dietary group 

birds was related to the higher weight gain on lower feed intake as FCR is the ratio of weight to feed 

consumed by experimental birds (Ahmed, 2008). Dominguez et al. (2019) found that broilers fed on diet 

having processed by product wastes in feed showed higher activities of the digestive enzymes like amylase, 

protease and lipase (Taklimi et al. 2012), which are directly related to higher number of the mucosal villi 

of the intestine and increased gut length due to addition of humus like substance obtained from poultry 

wastes (Vaskova et al. 2018). Significantly better (P<0.05) FCR can be attributed to better digestion of 

feed ingredients in gut during digestion process. 

Means for the carcass characteristics are given in Table. 6.8. Marked differences were observed in carcass, 

breast and thigh yield of birds among different dietary groups as the highest carcass, breast and thigh yields 

were recorded among birds on D1 and the control group while birds from D4 treatment (12% compost) 

showed the lowest values for these parameters. Whereas, abdominal fat, liver, gizzard, and heart remained 

unaffected (P>0.05) by the inoculated compost addition in broiler ration. These measurable variations in 

carcass, breast and thigh yields might attribute to the varying inclusion level of compost having different 

ingredient characteristics (composition, hydrophobicity), different digestibility index and chemical and 

physical composition of the experimental diets (Ozturk et al. 2012). Carcasses having low abdominal fat 

values are considered to have better quality meat (Azizi et al., 2015). Similar abdominal fat values in birds 

from all dietary groups might be due to increased lipo-genesis and nutrient digestibility endorse the fact 

that diet containing 12% compost produced similar results as by commercial feed. Moreover, carcass, 

breast and thigh yields recorded in D2 and D3 were very close to D1 and the control groups which 

advocates that nutritional profile of compost treated with bio-catalysts is not less by any means from 

commercially available feed. Khan et al. (2019) also quoted similar results that addition of poultry waste 

compost up to 10% showed no marked decrease in carcass characteristics of broiler birds. Ceylan et al. 

(2003) and Esenbuga et al. (2008) observed slight decrease in body weight gain and carcass traits of birds 

fed on diet supplemented with composted by products and humus like substance (HS) which suggests that 

compost addition is a feasible alternative to commercial feed. However, some other scientists are contrary 

to these findings as Shahriar et al. (2008) recorded lower abdominal fat pad in broilers fed on diets 

containing hatchery waste. Similar, results were reported by Hossain et al. (2003), who fed broiler birds 
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with 0, 4 and 8% offal meal and observed no marked (P>0.05) differences in carcass characteristics of 

birds. 

Traits like color, appearance and smell are key points of meat quality having direct relation to consumer 

preferences (Ozturk et al. 2012) while other parameters like taste, tenderness and juiciness are considered 

to be linked with acceptability and eating quality of meat (Lyon et al. 2004). The results of the present 

study showed that feeding diets containing varying levels of compost caused significant (P<0.05) variation 

in the organoleptic properties (appearance, color, aroma, taste, texture, acceptability, tenderness and 

juiciness) of meat (Table 6.9). The highest values of organoleptic scores were recorded among control 

birds while the lowest organoleptic scores were observed in birds fed on D4 (12% compost). Marked 

changes in color were noticed by evaluation panel because increase in redness (darkness) in meat color 

was observed with increasing the inclusion level of compost in the experimental diets. Slight increase in 

the redness (darkness) is mainly considered to be linked with myoglobin and somewhat to hemoglobin as 

well (Wideman et al. 2016). Similarly, lower scores of aroma, taste, tenderness and juiciness might also 

be due to the changes in ingredients used in feed formulation. Yoruk et al. (2004) found that addition of 

ingredients rich in alkaloids can increase pH that may induce bitter taste and undesirable aroma of meat 

which is not desirable from consumer point of view. However, Khan et al. (2019) was of other view that 

addition of compost from 7.5-10% can go unnoticed when organoleptic traits of boiled broil meat are 

measured. Similarly, Williams and Damron (1998) and Young et al. (2003) also quoted no differences 

(P>0.05) in compositional and sensory characteristics of the breast and thigh meats while feeding whole 

hen meal up to 12% in broiler feed. 

Blood biochemistry indices are important indicators in evaluating the results related to animal health status 

(Fletcher, 2002; Kamal et al., 2007). Blood biochemical profile is directly dependent on stress induced by 

nutrition, environment, general management and bird’s welfare of birds (Etim et al. 2014). Results with 

respect to serum biochemistry are in agreement with previous studies (Ozturk et al. 2012; Khan et al. 2019) 

showing no alteration (P>0.05) in total protein, albumin, globulin, glucose, cholesterol, triglyceride, and 

uric acid indices of blood in all dietary treatment groups. Blood parameters like serum total protein, 

albumin and uric acid are considered as markers of nutritional deficiency in broiler birds while the blood 

glucose, cholesterol and triglyceride are linked to stress and well-being of birds (Yilmaz et al. 2016). 

Similar levels of blood proteins among dietary treatments advocate that there were no adverse impact of 

compost addition on the production phase of globulin protein, which play vital role in immune modulation 

of broiler birds (Gruys et al. 2005; Vinodkumar et al. 2014). Khan et al. (2019) also observed no adverse 

impact (P>0.05) of compost addition in diet on total protein, globulin, albumin, cholesterol, glucose, 

triglyceride and uric acid indices of broiler birds fed on diet having varying levels of compost. Values 

similarly close to control group cement current findings that compost can be added in broiler diet without 

any adverse effects on blood bio chemistry and welfare of birds. Similar values of blood glucose, 

cholesterol and triglycerides among all dietary treatments indicate that experimental birds were not 

exposed to any nutritional deficiency and metabolic stress (Khan et al. 2019). Likewise, Shahriar et al. 

(2008) used hatchery waste up to 8% in broiler feed for 8 weeks and found no marked (P>0.05) changes 

in blood cholesterol and triglycerides values of experimental birds.   

The nature of an optimal immune response is based on several factors, such as quality of diet, environment, 

age and infectious stress on birds (Kogut, 2009). The impact of quality of diet on immune response is of 

utmost importance because it is evident from literature that poor quality diet may compromise immune 

antibody response against specific pathogen (Faluyi et al. 2015). Cellular immunity is a reliable benchmark 

of bird’s immune system to defend against infectious diseases. Estimation of particular antibody responses 

against a variety of particulate antigens especially NDV is an important tool to assess the general health of 

flock. Data regarding antibody titers against NDV and Salmonella are given in Table (6.10). No significant 

differences were observed among antibody titers of birds from different treatment groups while spot test 

for Salmonella was negative for all the treatments. These results are in line with that of Khan et al. (2019) 

who reported no effect of varying levels of compost in broiler diet up to 10%. Results from the current 

experiment suggest that diet having compost level up to 12% can be safely used without any negative 

impact on New Castle Disease vaccine antibodies throughout the flock. 
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Experimental diets formulation using Win Feed 2.8 software showed that control diet had the highest per 

kg cost of feed formulation while D1 diet having 03% compost was found to be the most economical as 

compared to rest of the experimental diets. Though, feed formulation cost tends to decrease with increase 

in compost addition in diet, however, it was also observed that weight gain was also slow among birds fed 

on these experimental diets. D1 dietary group birds yield the lowest live weight production cost as 

compared to rest of the diets. These findings are in line with those of Khan et al. (2019) while studying 

economics of broilers fed on diet containing different levels of compost. 

6.6. Conclusions 

It is concluded from the findings of the current study that compost supplementation up to 3% can be useful 

in broiler feed without any negative impact on growth performance, carcass characteristics, organoleptic 

traits and immune response of broiler birds. Moreover, dead birds composting can be safe option for 

poultry waste disposal and economical alternate feed resource to curtail cost of production. 
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Table.6.3. Ingredient composition of experimental diets for grower phase. 

 

Ingredients (%) 

Treatments 

C D1 D2 D3 D4 

Compost 0.00 3.00 6.00 9.00 12.00 

Corn 55.00 56.00 55.00 54.00 50.7 

Rapeseed meal 3 2.5 3 3 3.5 

Canola Meal 8.5 9 9 8.5 8 

Corn Gluten 60 % 3 2.5 2.5 2.5 2.5 

Soybean Meal 13.5 14.2 15.5 15.8 16.5 

Oil 4 4.20 5.2 4.20 3.7 

CaCO3 1.2 0.1 0.8 0.8 0.7 

MCP 2.20 2.20 2.20 2.20 0.6 

Lysine-SO4 0.60 0.4 0.50 0.60 0.4 

DL-Methionine 0.15 0.15 0.15 0.15 0.2 

Threonine 0.10 0.10 0.10 0.10 0.3 

Novasil Toxin Binder 0.05 0.05 0.05 0.05 0.05 

Betaine HCL 0.04 0.04 0.04 0.04 0.04 

Sodium chloride 0.20 0.20 0.20 0.20 0.20 

Sodium bicarbonate 0.10 0.00 0.00 0.00 0.00 

Vitamin premix2 0.20 0.20 0.20 0.20 0.20 

Minerals premix3 0.30 0.30 0.30 0.30 0..5 

Cost 47.5 47.8 49.1 48.9 50.1 
1C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 
2Provided per kg of diet: vitamin A, 11,000 IU; vitamin D3, 2,560 IU; vitamin E, 44 IU; vitamin K, 4.2 

mg; riboflavin, 8.5 mg; niacin, 48.5 mg; thiamine, 3.5 mg; d-pantothenic, 27 mg; choline, 150 mg; vitamin 

B12, 33 μg.  
3Provided per kg of diet: copper, 8 mg; zinc, 75 mg; manganese, 55 mg; iodine, 0.35 mg; selenium, 0.15 

mg. 
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Table.6.4. Nutritional composition of experimental diets for grower phase. 

 

Ingredients (%) 

Treatments 

C D1 D2 D3 D4 

Dry matter 88.92 89.24 89.16 89.1 89.32 

Moisture 11.1 10.7 10.8 10.9 10.7 

CP 21 21.1 21 20.9 21 

ME 3100 3085 3090 3105 3090 

Ash 2.9 2.9 2.9 2.9 2.9 

Ca 1.2 1.15 1.1 1.2 1.1 

Phosphorus 0.55 0.5 0.45 0.5 0.55 

Na 0.3 0.3 0.3 0.3 0.3 

K 0.8 0.8 0.8 0.8 0.8 

Mg 0.25 0.35 0.3 0.35 0.35 

Chloride 0.25 0.25 0.25 0.25 0.25 

Ether extract 6.8 6.8 6.8 6.8 6.8 

Fiber 3.5 3.5 3.5 3.5 3.5 

Arginine 1.4 1.4 1.4 1.4 1.4 

Histidine 0.5 0.5 0.5 0.5 0.5 

Dig. Lysine 1.25 1.25 1.25 1.25 1.25 

Met. + Cys. 0.8 0.85 0.9 0.85 0.8 

Dig.Methionine 0.6 0.6 0.6 0.6 0.75 

Threonine 0.8 0.8 0.8 0.8 0.8 

Tryptophan 0.2 0.2 0.2 0.2 0.2 

Leucine 2 2 2 2 2 

Iso-Leucine 0.9 0.9 0.9 0.9 0.9 

Linoleic Acid (%) 1.2 1.1 1.15 1.1 1.2 
1C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 
2Provided per kg of diet: vitamin A, 11,000 IU; vitamin D3, 2,560 IU; vitamin E, 44 IU; vitamin K, 4.2 

mg; riboflavin, 8.5 mg; niacin, 48.5 mg; thiamine, 3.5 mg; d-pantothenic, 27 mg; choline, 150 mg; vitamin 

B12, 33 μg. 3Provided per kg of diet: copper, 8 mg; zinc, 75 mg; manganese, 55 mg; iodine, 0.35 mg; 

selenium, 0.15 mg. 
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Table.6.5. Ingredient composition of experimental diets for finisher phase. 

 

Ingredients (%) 

Treatments 

C D1 D2 D3 D4 

Compost 0.00 3.00 6.00 9.00 12.00 

Corn 56.00 56.5 56.5 57.00 57 

Rapeseed meal 2.5 2.5 2.5 3 3 

Canola Meal 8 8 8.5 9 9 

Corn Gluten 60 % 3 2.5 2.5 2.5 2.5 

Soybean Meal 13.5 14. 14.2 14.8 15.5 

Oil 4 4.20 5.2 4.20 3.7 

CaCO3 1.2 0.1 0.8 0.8 0.7 

MCP 2.20 2.20 2.20 2.20 0.6 

Lysine-SO4 0.60 0.4 0.50 0.60 0.4 

DL-Methionine 0.15 0.15 0.15 0.15 0.2 

Threonine 0.10 0.10 0.10 0.10 0.3 

Novasil Toxin Binder 0.05 0.05 0.05 0.05 0.05 

Betaine HCL 0.04 0.04 0.04 0.04 0.04 

Sodium chloride 0.20 0.20 0.20 0.20 0.20 

Sodium bicarbonate 0.10 0.00 0.00 0.00 0.00 

Vitamin premix2 0.20 0.20 0.20 0.20 0.20 

Minerals premix3 0.30 0.30 0.30 0.30 0..5 

Cost 49.5 48.4 47.8 47.5 47.25 
1C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 
2Provided per kg of diet: vitamin A, 11,000 IU; vitamin D3, 2,560 IU; vitamin E, 44 IU; vitamin K, 4.2 

mg; riboflavin, 8.5 mg; niacin, 48.5 mg; thiamine, 3.5 mg; d-pantothenic, 27 mg; choline, 150 mg; vitamin 

B12, 33 μg.  
3Provided per kg of diet: copper, 8 mg; zinc, 75 mg; manganese, 55 mg; iodine, 0.35 mg; selenium, 0.15 

mg. 
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Table.6.6. Nutritional composition of experimental diets for finisher phase. 

 

Nutrients (%) 

Treatments 

C D1 D2 D3 D4 

Dry matter 88.82 88.84 88.87 88.87 89.1 

Moisture 11.2 11.1 11.1 11.1 10.9 

CP 20 20.1 20 20 19.9 

ME 3150 3155 3160 3165 3145 

Ash 3.61 3.61 3.62 3.64 3.66 

Ca 0.95 1 0.9 0.95 0.9 

Phosphorus 0.45 0.45 0.4 0.4 0.45 

Na 0.2 0.15 0.2 0.25 0.2 

K 0.75 0.7 0.75 0.8 0.75 

Mg 0.25 0.35 0.3 0.35 0.35 

Chloride 0.25 0.25 0.25 0.25 0.25 

Ether extract 6.90 6.88 6.88 6.89 6.89 

Fiber 3.61 3.62 3.64 3.66 3.66 

Arginine 1.4 1.4 1.4 1.4 1.4 

Histidine 0.5 0.5 0.5 0.5 0.5 

Dig. Lysine 1.15 1.1 1.2 1.15 1.1 

Met. + Cys. 0.7 0.65 0.8 0.75 0.8 

Dig.Methionine 0.5 0.55 0.5 0.6 0.55 

Threonine 0.8 0.8 0.8 0.8 0.8 

Tryptophan 0.2 0.2 0.2 0.2 0.2 

Leucine 1.3 1.5 1.2 1.3 1.2 

Iso-Leucine 0.9 0.9 0.9 0.9 0.9 

Linoleic Acid (%) 1.1 1.1 1. 1.1 1 
1C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 
2Provided per kg of diet: vitamin A, 11,000 IU; vitamin D3, 2,560 IU; vitamin E, 44 IU; vitamin K, 4.2 

mg; riboflavin, 8.5 mg; niacin, 48.5 mg; thiamine, 3.5 mg; d-pantothenic, 27 mg; choline, 150 mg; vitamin 

B12, 33 μg.  
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Table.6.7. Effect of dietary compost level on live performance of broiler chickens. 

 

Treatments3 

Parameters2 

BW (gm) FI (g/bird) FCR M (%) 

C 2016.77±6.45a 3238.16±14.63 b 1.60±0.00 0.33±0.21 

D1 2002.23±.14 ab 3215.55±19.79 b 1.60±0.02 0.500±0.22 

D2 1998.47±7.82 ab 3299.54±20.75 a 1.62±0.00 0.66±0.21 

D3 1980.83±15.87 ab 3196.51±5.50 c 1.62±0.01 0.66±0.33 

D4 1959.86±14.06 b 3235.44±7.50 b 1.62±0.01 1.00±0.36 

P-value 0.1641 0.0008 0.0934 0.5384 

Treatment means within a column bearing the different letters are significantly different (P<0.05). 
1Data are means ± SEM representing 6 replicates (n=6) with 10 birds per replicate. 
2BW: Body weight, FI: Feed intake, WG: weight gain, FE: feed efficiency,  
3C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost,    D3: diet containing 9% compost, D4: diet containing 12% compost. 

 

Table.6.8. Effect of dietary compost level on carcass characteristics of broiler chickens. 

 

Treatments
3 

Parameters2 

CY 

(%) 

BRY 

(%) 

THY 

(%) 

L 

(%) 

H 

(%) 

G 

(%) 

ABF (%) 

C 68.69±0.67 

a 

32.61±0.38 

a 

29.07±0.50 

a 

2.18±0.0

4 

0.56±0.0

1 

2.04±0.0

3 

2.59±0.0

5 

D1 67.84±0.36a

b 

31.77±0.41a

b 

29.06±0.22 

a 

2.18±0.0

4 

0.56±0.0

1 

2.11±0.0

5 

2.59±0.0

5 

D2 67.42±0.29a

b 

31.38±0.37 

b 

28.61±0.47a

b 

2.10±0.0

4 

0.54±0.0

1 

2.00±0.0

1 

2.50±0.0

4 

D3 67.21±0.92a

b 

31.15±0.24 

b 

28.23±0.32a

b 

2.17±0.0

4 

0.56±0.0

1 

2.11±0.0

2 

2.58±0.0

5 

D4 66.42±0.41 

b 

30.21±0.39 

c 

27.60±0.52 

b 

2.07±0.0

5 

0.53±0.0

1 

2.09±0.0

4 

2.46±0.0

5 

P-value 0.1176 0.0020 0.1103 0.3223 0.3058 0.3383 0.3223 

Treatment means within a column bearing the different letters are significantly different (P<0.05). 
1Data are means ± SEM representing 6 replicates (n=6) with 10 birds per replicate. 
2LW: Live weight, CY: carcass yield, BRY: breast yield, THY: thigh yield, L: liver, G: gizzard, H: heart, 

ABF: abdominal fat. 
3C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 
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Table.6.9. Effect of dietary compost level on organoleptic characteristics of meat of broiler chickens. 

 

Treatments2 

Sensory attributes 

Appearance Color Aroma Taste Texture Acceptability Tenderness Juiciness 

C 6.84±0.02a 6.70± .04 a 6.89±0.03a 6.66±0.04 a 6.77±0.04 a 7.10±0.02 a 6.72±0.03a 6.93±0.02 a 

D1 6.79±0.02 a 6.63±0.04 ab 6.18±0.03 b 6.43±0.04 b 6.54±0.04 ab 6.70±0.04 b 6.01±0.03 b 6.53±0.04 b 

D2 6.69±0.02 b 6.37±0.10 b 6.03±0.03 c 6.05±0.04 c 6.27±0.12 b 6.17±0.05 c 5.86±0.03 c 6.00±0.05c 

D3 6.47±0.02 c 6.12±0.07 c 5.96±0.03 c 5.80±0.04 d 5.97±0.10 c 5.73±0.03 d 5.79±0.03 d 5.56±0.03d 

D4 6.17±0.02 d 5.77±0.04 d 5.73±0.03 d 5.50±0.04 e 5.97±0.10 c 5.24±0.04 e 5.56±0.03 e 5.07±0.04e 

P-value <.0001 <.0001 <.0001 <.0001 0.0004 <.0001 <.0001 <.0001 

Treatment means within a column bearing the same letter are not significantly different (P>0.05). 
1Data are means ± SEM representing 6 replicates (n=6) with 10 birds per replicate. 
2C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% compost, D3: diet containing 9% compost, D4: 

diet containing 12% compost. 
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Table. 6.10. Effect of dietary compost level on serum biochemistry of broiler chickens. 

 

Treatments3  

Parameters2 

TP  

(g/dL) 

AB 

(g/dL) 

GB 

(g/dL) 

GL 

(mg/dL) 

CH 

(mg/dL) 

TR 

(mg/dL) 

UA 

(g/dL) 

C 23.32 2.43 1.74 131.06 162.65 91.81 4.21 

D1 23.18 2.43 1.73 133.1 161.98 91.97 4.09 

D2 23.26 2.41 1.71 132.5 160.04 89.84 4.24 

D3 23.28 2.23 1.69 129.95 156.95 87.66 4.15 

D4 23.26 2.23 1.62 129.98 155.81 87.56 4.11 

P-value 0.994 0.908 0.192 0.281 0.311 0.219 0.472 

Treatment means within a column bearing the same letter are not significantly different (P>0.05). 

Data are means ± SEM representing 6 replicates (n=6) with 10 birds per replicate. 

TP: total protein, AB: albumin, GB: globulin, GL: glucose, CH: cholesterol, TR: triglyceride, UA: uric 

acid. 

C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost. 

 

 

 

 

Table. 6.11. Effect of dietary compost level on ND Titers, Salmonella in Meat and Economics of 

broiler chickens. 

 

Treatments3 

Parameters2 

Feed Cost/kg (FC) Meat Cost/kg (MC) ND Salmonella 

C 49.5 79.48±0.48 2.50±0.50 Nil 

D1 48.2 77.49±1.29 2.83±0.47 Nil 

D2 47.8 78.91±0.33 2.16±0.30 Nil 

D3 47.5 77.71±0.36 2.83±0.60 Nil 

D4 47 78.02±0.58 2.33±0.49 Nil 

P-value    0.2531 0.6732 Nil 

Treatment means within a column bearing the different letters are significantly different (P<0.05). 

Data are means ± SEM representing 6 replicates (n=6) with 10 birds per replicate. 

FC: feed formulation cost per kg live weight gain, MC: cost of production of 1kg live meat, ND: New 

Castle Disease, Salmonella 

C: diet containing 0% compost (control), D1: diet containing 3% compost, D2: diet containing 6% 

compost, D3: diet containing 9% compost, D4: diet containing 12% compost.
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CHAPTER 7 

SUMMARY 

Poultry sector is one of the most organized, fastest growing and vibrant segments of agriculture industry 

in Pakistan. Although, this progression is encouraging to cater the need of our mushrooming population 

but it also comes up with the production of huge amount of poultry wastes i.e., dead birds, poultry bedding, 

offal’s and hatchery wastes. All over the world different methods are being practiced to dispose of these 

wastes like burying, rendering and incineration, with some advantages and disadvantages and may raise 

serious concerns of bio-security and animal health. Among these disposal methods, composting seems to 

be environment friendly and practically applicable method, however, its long duration is a major constrain 

for its on farm application. Inoculation of compost with different bio-catalysts can accelerate the 

composting process and enhance the product quality. Furthermore, these poultry wastes are copious 

reservoir of useful nutrients if processed properly and can further be used as poultry feed ingredient. 

Various studies have been planned on feeding poultry waste composts to large animals, but little literature 

prevails regarding the compost addition in poultry diet. Thus, present study has been planned to evaluate 

the physico-chemical and microbiological characteristics of poultry waste compost and its further 

utilization as poultry feed ingredient. This study was executed in two phases. During phase I, different 

poultry waste (dead birds, hatchery waste, offal and mixture of all) composts were prepared following bin 

and windrow composting methods and chemically analyzed. Dead bird’s compost showed superior 

proximate, amino acid and mineral profile with least bacterial load as compared to other waste materials, 

especially when bin composting method was adopted. In 2nd part of phase I, three different bio-catalysts 

(inoculants) i.e., Lactobacillus lecheniformus, Bacillus subtilis and consortium of both were applied at 

different concentrations (5, 10 and 15%), in dead bird’s composting following bin composting method to 

compare degradation potential of these biocatalysts and to enhance the quality of the end product. The 

consortium of Lactobacillus lecheniformus, +Bacillus subtilis when added at 10% concentration markedly 

expedite the decomposition. It was revealed that the bio-catalytic inoculation not only curtailed the natural 

long process of composting from 45-60 days to 32 days but also enhanced the quality of end product. 

In phase II, two biological trials were conducted to determine the feeding value of commercial broilers and 

layers. Experimental diets in both trials were comprised of increasing level of processed compost (0, 3, 6, 

9 and 12). During trial-I, 270 LSL eggs laying birds (28-week old) were assigned randomly to 5 dietary 

groups for the period of 28 to 40 weeks. Each treatment was comprised of 06 replicates having 9 birds per 

cage, under CRD. In 2nd trial, 300 day- old broiler chicks were subjected to 5 treatment groups with 6 

replicates each containing 10 chicks, under CRD for period of 35 days. In trial- I, egg production, egg 

weight, feed efficiency and livability of D3 (9%) birds were comparable (P>0.05) with control group. 

However, egg morphometric traits showed no marked changes in shape index, shell strength, yolk index 

and immune response against NDV, although slightly better Haugh unit was observed in control group 

birds. A slight downward trend in egg sensory characteristic was recorded with increase in compost 

inclusion level among treatment groups. However, marked effect (P>0.05) of dietary compost addition was 

observed in cost per dozen eggs. In 2nd trial, weight gain, carcass yield, breast and thigh yield were higher 

(P<0.05) in control group birds, however, numerically close to those given 3% compost in diet while no 

marked (P>0.05) differences were observed in giblets weight, immune response, mortality%, FCR and 

feed cost/Kg meat production among all dietary group birds. Compost addition up to 12% showed marked 

decrease in weight gain and carcass yield, however, increase in cumulative feed intake (CFI). Organoleptic 

traits scoring among birds of control and 3% compost dietary group was comparable (P>0.05) but values 

tended to decline with increasing compost addition in the diet. Furthermore, no marked (P>0.05) effect of 

compost addition was observed on NDV antibody titers among all treatment groups. 




