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ABSTARCT 

Three experiments were conducted to assess the potential of partially replacing dietary 

soybean meal (SBM) with dried distillery yeast sludge (DYS) and its influence on starter, 

grower and laying hens’ growth and productive performance. In experiment 1, the 

influence of varying levels of dried DYS on feed consumption, gut health, immunity, 

histopathology, mortality and growth performance of starter layer chicks from day-one to 

8 weeks of age was examined. Five isonitrogenous (CP 21%) and isocaloric (ME 2800 

Kcal/Kg) diets were formulated. The control diet (C) was without DYS, whereas DYS5, 

DYS10, DYS15 and DYS20 diets had 5, 10, 15 and 20% dried DYS, respectively. The 

higher (P<0.05) feed intake (FI) was noticed in chicks fed C (1701g) and DYS5 (1685g) 

diets than those fed DYS10, DYS15 and DYS20 diets. Chicks fed C, DYS5 and DYS10 

diets had better growth, immune and gut health status than those fed DYS15 and DYS20 

diets. Birds fed DYS15 and DYS20 diets showed pathological lesions. The highest weight 

gain (603g) was noticed in birds fed DYS5 diet. The best feed conversion ratio (FCR) 

was noticed in birds fed C (2.77) diet followed by DYS5 (2.79), DYS10 (2.82), DYS15 

(3.00) and DYS20 (3.13) diets. The higher antibody titers of newcatle disease (ND) and 

avian influenza (AI) virus were observed in birds fed C diet followed by DYS5 and 

DYS10, DYS15 and DYS20 diets. The higher lactobacillus count in birds fed DYS5 

(13.39 105 cfu/gram) and DYS10 (6.67 105 cfu/gram) diets were noticed. Increasing 

dietary dried DYS showed enhanced ill effects in birds.  

In experiment 2, effect of varying dried dietary DYS concentration on feed 

consumption, gut health, immunity, histopathology, mortality and growth performance of 

grower layer chicks from weeks 9 to 16 of age was examined. Five isocaloric (ME 2700 

Kcal/Kg) and isonitrogenous (CP 16%) experimental diets were formulated. The feed 

consumption remained unaltered among birds fed C (3248g), DYS5 (3211g), DYS10 

(3183g) and DYS15 (3163g) diets. The weight gained by birds fed C (535g), DYS5 

(525g) and DYS10 (517g) diets was unchanged. The best feed conversion ratio was found 

in chicks fed C (6.07) DYS5 (6.12) and DYS10 (6.16) diets than those fed DYS15 and 

DYS20 diets. The better immune response was observed in chicks fed low dietary DYS 

than those fed high dietary DYS.  A higher lactobacillus count was found in birds fed C 

(13.40 105 cfu/gram) and DYS5 (13.37 105 cfu/gram) diets. However, it was the lowest 
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(6.50 105 cfu/gram) in birds fed DYS20 diets. The pronounced histological changes were 

noticed among birds reared on high dietary DYS concentration.  

In experiment 3, influence of varying dried dietary DYS concentration on feed 

consumption, gut health, immunity, histopathology, mortality, hematology and hormone 

profile, egg producrion and its quality in laying hens kept on cage and floor production 

systems was studied. Five isocaloric (ME 2800 Kcal/Kg) and isonitrogenous (CP 17%) 

experimental diets were formulated. The FI between cage and floor system remained 

almost similar. However, the highest feed consumption was noticed in birds fed C diet in 

cage (11768g) and floor (11799g) production systems and it was the lowest in birds fed 

DYS diets both in cage and floor production systems. Increasing rate of DYS 

supplementation in laying hens diet decreased FI. However, FI by hens fed C, DYS5 and 

DYS10 diets remained unaltered (P>0.05). Similarly hens fed DYS15 and DYS20 diets 

showed similar (P>0.05) FI in both production sytems. The more eggs per bird were 

produced by layers fed C diet and they also laid higher eggs both in cage (94) and floor 

(91) production systems. However, egg production decreased in birds fed increasing 

dietary DYS concentrations kept under both production sytems. The FCR (calculated per 

dozen eggs or on egg mass basis) of diets containing varying dietary DYS concentrations 

remained unaltered in layers kept under both cage and floor production system. The better 

FCR was found in birds fed C diet and was the lowest in birds fed DYS20 diet. The FCR 

in birds fed C and DYS5 diets remained unaltered (P>0.05) when compared to those fed 

DYS10, DYS15 and DYS20 diets. However, increasing dietary DYS concentration 

reduced FCR in layers. The highest mortality was observed in birds fed DYS20 diet and it 

was the lowest in those fed C and DYS5 diets but increasing dietary DYS increased 

mortality in laying hens reared under both cage and floor production systems.  

The egg weight was higher (P>0.05) in caged hens (62.31g) than those kept on 

floor (60.27g) production system. The higher egg weight was recored in birds fed C diet 

and it was the lowest in birds fed DYS20 diet  in both cage and floor production systems. 

The egg weight decreased in birds fed increasing dietary DYS. The egg shell weight and 

its thickness remained unaltered in both cage and floor production systems. The egg shell 

weight and its thickness was more in birds fed C diet and it decreased with increasing 

dietary DYS. The egg shell weight in layers fed DYS20 diet was the lowest among all 

dietary treatments. The egg’s albumin height was greater birds fed C diet in cages (8.47 

mm) and floor (8.35 mm). However, it gradually decreased with increasing dietary DYS. 
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The higher haugh unit score was observed in birds fed C diet in both production systems 

while it was the lowest in birds fed DYS20 diet. The increased dietary DYS gradually 

lowered haugh unit score. The lymphocyte and RBCs count were higher in layers fed C 

diet reared under cage and floor production system but it decreased in birds fed DYS20 

diet. The highest Lactobacillus count  was observed in birds fed C (13.25 105cfu/gram) 

diet  and was the lowest in birds fed DYS20 (5.87 105cfu/gram) The increasing dietary 

DYS reduced Lactobacillus count. The maximum cumulative mean antibody titers 

against ND were observed in birds fed C diet and was the lowest in birds fed DYS20 diet. 

The gradual increasing dietary DYS reduced antibody titers in layers. The T3 and T4 

hormone values in birds kept under both cage and floor production systems were same, 

indicating that birds did not experience any kind of stress because of cage and floor 

production systems. The birds fed DYS10 diet showed highest concentration of T3 

hormone (3.96 ng/ml) and it was the lowest (3.88 ng/ml) in birds fed C diet. The gradual 

increase of DYS supplementation reduced the feed cost per kg during the starter grower 

and laying phases of production. The highest feed cost was observed in birds fed C diet 

but it was lowest in chicks fed DYS20 diet. In conclusion, DYS level upto to 10% can be 

used to replace SBM in poultry diet on protein equivalent basis. 
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CHAPTER 1        

INTRODUCTION 

The consistent supply of animal protein to global food systems through the 

ubiquitous role of poultry production is highly recognized (Scans, 2007). Globally, this 

sector has undergone a substantial increase since 1970 as compared to other animal food 

producing industries (Yegani and Korver, 2008; Msadeq et al., 2015). Parallel to fast 

growth of primary poultry products (egg and meat), the trade volume of its products have 

also shown a remarkable increase (Windhorst, 2006; Yegani and Korver, 2008). This 

developmental scenario in poultry sector is supply and demand driven (Narrod et al., 

2006). Moreover, this sector has emerged as a lucrative industry during the past five 

decades in developing countries particularly in Pakistan and its dynamic role in efficient 

and economical animal protein provision is beyond doubt (Bhatti, 2000; Sahota and 

Bhatti, 2001; Rehman et al., 2009).  

The world human population is ever increasing and much of this increase is 

observed in developing nations (UNDP, 2008). This situation will impact output of 

finished poultry products, making the problem a continuous saga. In addition, chronic 

protein deficiency is particularly prevalent in developing nations, resulting from nutrient 

deficiency, necessitating scientific attention (Bacha et al., 2011). A plasuble strategy to 

enhance the poultry products availability is to reduce the feeding expenses as feed 

represents over 70 % of total cost (Ravindran, 2012; Ehsani et al., 2013). This aspect 

needs to be carefully examined to ensure the feed industry’s proper growth (Das et al., 

2005). Irregular supply of conventional feedstuffs coupled with their unprecedented price 

hike has compelled poultry nutritionists to urgently explore and utilize new feed 

ingredients capable of substituting conventional ones without affecting product quality 

(Dhama et al., 2014).  

Corn and soybean meal (SBM) are industrial standard feedstuffs for poultry 

feeding and other animals (Yin et al., 2011) and currently it seems that no applicable 

alternate exists to these feed ingredients globally (Leeson, 2000; Yegani and Korver, 

2008). The recent ban by the European Union (EU) on all animal based protein 

ingredients like fish meal, bone meal and meat meal in poultry feeding has further 

enhanced poultry feeding’s dependence on SBM (Yin et al., 2011). Furthermore, it is 
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speculated that there will be growing competition in the future over soybean between 

aquaculture and livestock feed industries (Troell et al., 2014; Pahlow et al., 2015). Soy 

bean meal is considered a gold standard because of its superior blend of amino acids 

(AA) and frequent use in commercial feed formulations. However, rising cost and 

unsteady availability restrict its extensive industrial application (Cromwell, 1999; 

Storebakken et al., 2000; Yue and Zhou, 2008; Chand et al., 2014).  

The single cell protein (SCP) is a value added protein rich dried microbial mass 

extracted from algae, bacteria, fungi and yeast. The rational usage of alternate protein 

sources in place of costly conventional protein feedstuffs like SBM can help compensate 

serious protein scarcity (Attia et al., 2003; Jalasutram et al., 2013). Yeast, to a certain 

extent, and SBM have similar AA composition (Adedayo et al., 2011). Yeast, especially 

Saccharomyces cerevisiae (SC), is promising source of SCP and by using economical raw 

material it is easy to harvest with lower amounts of nucleic acid than bacteria (Wolf et al., 

2003; Bacha et al., 2011). Presently commercial yeast products have received 

considerable attention as a feed additive in animal feeding (Yalcin et al., 2012). 

Distillery yeast sludge (DYS) is produced as a by-product of the distillery industry 

which predominantly contains SC as a protein source. Its manufacturing process involves 

diluation of molasses with water to 12-20% sugar, acidifaction with sulphuric acid, 

fermentation with the help of yeast, Sacchromyces cerevisiae under controlled conditions 

of pH and temperature and nutrient supplementation with nitrogen and phosphorus. 

Fermentation is done for a period of ranging from 12 to 60 hours, at a temperature of 30 

◦C, at the end of which ethnol concentration is between 7 and 10%. The fermenter 

produces 30 % solid, which is separated either for circulation or used for its food value 

(Patwardhan, 2008).The available literature on DYS in Pakistan speculates that this 

fermented by-product has remarkable inherent nutritional potential as SCP source and 

possesses 27-29 % crude protein (Ali, 2004). Therefore, keeping in view the 

aforementioned facts, the present study was planned to assess the effects of partially 

replacing dietary SBM with dried DYS on the health and performance of starter and 

grower layer chicks and laying hens. 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1. Importance of yeast 

Yeast, being ubiquitous unicellular micro-fungi, are probably the ideal eukaryotic 

organisms for biological studies (Hohmann, 2002; Kurtzman and Fell, 2011; Kandasamy 

et al., 2012). They live as saprophytes on plant or animal-origin materials and their major 

characteristic is to ferment sugars for ethanol production (Kandasamy et al., 2012). 

Research on yeast has significantly contributed to the development of many modern 

scientific fields and its industrial application is well recognized globally (Barnett and 

Barnett, 2011). Yeast cells have a relatively simple ellipsoidal shape and their size may 

vary primarily depending on species, typically measuring 3-4 μm diameter but some can 

reach over 40 μm (Adebiyi et al., 2012).  

The SC species of yeast belong to genus fungi and is known for their rapid 

growth, active glucose repression, ethanol producing ability and tolerance against many 

environmental stresses (Piskur and Langkjaer, 2004). It is commonly known as baker’s 

yeast, brewer’s yeast or top fermenting yeast. It has been widely used in brewing, 

distilling, baking and wine making operations (Mortimer, 2000; Kwiatkowski and 

Kwiatkowski, 2012). It is the first eukaryotic microorganism whose genome has been 

sequenced (Goffeau et al., 1996). This yeast species has been acknowledged as safe 

microorganism by the EU for animal feeding. The Food and Drug Administration of 

United States has declared it “generally recognized as safe” (Nitta and Kobyashi, 1999; 

Martinez et al., 2010). In addition, it is easy to grow, economical and can be stored for 

long periods (Barnett, 2007).  

The SC, on dry weight basis, contains 95to 98 % dry matter (DM), 42 to 46% CP, 

30 to 37% carbohydrate, 7 to 8% minerals, 6 to 8% nucleic acid and 4 to 7% lipids 

(Lamoolphak et al., 2006). The SC’s cell wall contains 10 to 25% total DM of the cell, 10 

to 15% protein, 85 to 90% oligosaccharide, 5 to 10% lipids and a small amount of chitin 

(Martinz et al., 2010; Hashim et al., 2013). In addition, cell wall possesses 15 to 30% 

mannan oligosaccharides (MOS) and 15 to 30% β-glucan (Hashim et al., 2013). The 

nutrient composition of cell wall varies among different yeast species (Martinz et al., 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999870/#b3
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2010). Studies on yeast have indicated its beneficial effects on immune system, intestinal 

health, nutrient absorption and overall performance in poultry (Sims et al., 2004; Zhang et 

al., 2012; Fowler et al., 2015; Msadeq et al., 2015). Several derivatives of SC, like yeast 

culture, yeast extracts and yeast fermentation products have beneficial effects similar to 

MOS on chick growth (Zhang, 2005). 

In poultry diets, antibiotic growth prompters (AGP) are used to improve 

production efficiency and health. But increasing concerns regarding their over-use and 

residual effects have promoted extensive research for natural alternative to replace AGP 

(Yang et al., 2009). Antibiotics application in animal diet as AGP has been banned by the 

EU (Alloui et al., 2013) since 2006. Several products with different working mechanisms 

and growth enhancing effects in place of AGP have been proposed. These include 

prebiotics, probiotics, phytobiotics and mannonologosacchgides (Choudhari et al., 2008; 

Yang et al., 2009). 

2.1.1. Prebiotics   

Prebiotics are generally defined as non-digestable ingredients of feed which 

positively influence the host by selectively stimulating the function of one or a limited 

number of health promoting bacteria (Lactobacillus and bifidobacterai) of the gastro 

intestinal tract (GIT) and eliminate pathogenic ones (Alloui et al., 2013; Msadeq et al., 

2015). The utilization of prebiotics may be an alternative strategy to antibiotics. These 

primarily include fructo oligosaccharides, MOS and gluco oligosaccharides in poultry 

(Yang et al., 2009; Msadeq et al., 2015). Prebiotics act by reducing the gut pH through 

lactic acid production, limiting colonization of pathogens, beneficially altering metabolic 

function of normal gut flora and stimulating immune function (Choudhari et al., 2008; 

Yang et al., 2009). These are not absorbed in the upper GIT due to their chemical nature 

and induce specific changes in the ecology and fermentation of microbiota (Choudhari et 

al., 2008; Sohail et al., 2010). 

2.1.2. Probiotics  

Probiotics are viable microbial feed additives which beneficially affect the host by 

improving its microbial balance (Yang et al., 2009; Msadeq et al., 2015). The role of 

probiotics in the maintenance of health and general well being of animals, birds or 

humans is well reported (Choudhari et al., 2008; Dhama et al., 2011; Ghosh et al., 2012). 
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Many species of Bacillus, Enterococcus and Saccharomyces yeast have been incorporated 

as probiotics in livestock feeds (Choudhari et al., 2008; Dhama et al., 2011; Sacakli et al., 

2013). Three basic possible mechanisms by which probiotics work include, immune-

modulatory effects, competitive exclusion of pathogenic microbes and production of 

antibacterial substances (Choudhari et al., 2008; Yang et al., 2009; Dhama et al., 2011). 

Probiotics are available in the form of dietary feed additives which contain microbial 

cells, cultures and metabolites (Choudhari et al., 2008). The yeast based products are also 

considered as potential growth promoters in poultry production.  

2.1.3. Mannanoligosaccharides  

The MOS are derived from cell walls of yeast (Hofacre et al., 2003; Msadeq et al., 

2015). Generally they contain glucans, proteins and mannose (Hofacre et al., 2003; Yang 

et al., 2009; Msadeq et al., 2015). The yeast cell wall (YCW) occupies powerful antigen 

stimulating properties due to mannan chain (Shashidhara and Devegowda, 2003). 

Oligosaccharides in MOS could bind to viruses and work as an adjuvant of vaccines, 

activating antibody production mechanisms (Mehdi and Hassan, 2012). The mode of 

action generally involved to describe advantages of MOS supplementation in poultry are 

binding and removal of pathogens which possess type 1-fimbriae, stimulation of immune 

system and alteration in intestinal morphology (Ferket, 2003; Yang et al., 2009; Msadeq 

et al., 2015). 

2.1.4. β-glucans 

The β D-glucans are part of YCW and belong to the group of physiologically 

active compounds called biological response modifiers (Novak and Vetvica, 2008). These 

form the innermost layer of YCW and encompass mannan, protein and small amounts of 

chitin (Novak and Vetvicka, 2008). It has been observed that β D-glucans improve birds’ 

performance (Novak and Vetvicka, 2008) by increasing immune system activity against 

diseases and by stimulating population of beneficial bacteria (Borchers et al., 1999; 

Shashidhara and Devegowda, 2003; Gao et al., 2008; Husnain and Soliman, 2010). In 

addition, mannan and glucans more actively mediate immune cells of gut associated 

lymphoid tissues which resultantly yield better immuno modulatory responses 

(Shashidhara and Devegowda, 2003). Although there are various natural sources of β 
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glucans, these are mainly derived from fungus cell wall. In yeast, it represents about 15-

25% of the total cell mass (Novak and Vetvica, 2008). 

2.1.5. Distillery yeast sludge  

The DYS is a byproduct of brewing industry and predominantly contains SC as 

protein source (Ali, 2004; Rameshware and Khethyran, 2005; Bustamante et al., 2008). 

Apparently, it is mixture of cell sediments of yeast and metabolites remaining after 

molasses fermentation and contains appreciable quantities of proteins, macro and 

micronutrients (Pradeep, 2007). As this is the waste product of distilleries having no 

industrial utility, it poses a pollution problem because of it disposal issues. However, its 

utility in animal agriculture not only solves its disposal problem (Pradeep, 2007; 

Rajeshwari et al., 2007) but also is good source of nutrients (Rajeshwari et al., 2007).  

The microbial biomass in DYS contains carbon and N in a ratio of 11:1 which 

quickly undergoes mineralization and yields high N (Rajeshware et al., 2007). The in 

vitro digestibility of yeast sludge has been found to be 90.4% (Mumtaz et al., 2000). 

About 90% N digestibility has been attained from this fermented product, when fed to 

rats (Enriquez and Rodriquez, 1983). The fermentation of DYS with brevibacterium 

flavum positively alters its AA (lysine), true protein and CP contents (Sattar et al., 2008). 

The cell wall component of DYS contains 2.8% mannan and 3.6% glucans, 1.82% 

ribonucleic acid (RNA) and 0.23% phenol (Ali, 2004; Rameshware and Khethyran, 

2005). Apparently, SC treated DYS had 33.7% CP (Valentino et al., 2015), acting an 

ideal substrate for the production of SCP and economical to use in poultry and livestock 

feeding (Rameshware and Khethyran, 2005; Sattar et al., 2008). The nutritive 

composition of DYS depends on the cultivation conditions like, type of lignocellulosic 

material, strain of yeast used and duration of fermentation (Sattar et al., 2008). 

Although SCP is considered a potentially valuable source of protein, it also 

contains high (15%) nucleic acid contents (Kubota and Karasawa, 1997). In white leg 

horn cockerels, 10% dietary RNA reduced feed consumption and enlarged kidneys as 

compared to control group (Kubota and Karasawa, 1997; Aas et al., 2006). Similarly, 

apparent N digestibility declined as dietary SCP levels were increased (Aas et al., 2006). 

The DYS contains exclusively higher mineral and RNA contents, which is its main 

drawback for use in animal feed (Ali, 2004; Rameshware and Khethyran, 2005; Sharif et 
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al., 2012). The high mineral intake led to high water consumption and wet droppings 

which have a negative impact on bird’s health (Butcher and Miles, 2011). The washing of 

DYS can change its nutritional profile and can significantly decrease inorganic 

components with reciprocal increase in organic matter (Mumtaz et al., 2000; Ramshwari 

and Karthikeyan, 2005; Sharif et al., 2012). After washing, it can be used up to 50 % with 

distinct economic advantages with no harmful effects in growing chicks (Rameshware 

and Khethyran, 2005).  

The mineral composition of DYS obtained from different sources varies 

depending upon available substrate’s quality. It had 1.33% calcium, 0.55% phosphorus, 

1.29% potassium, 0.57% sodium, 1.2% magnesium and 0.107% iron (Rajeshwari et al., 

2007; Sharif et al., 2012). According to Rameshware and Khethyran (2005) DYS 

contained 3% calcium, 0.35% iron and 0.23% phosphorus. Rajeshware et al. (2007) 

reported that DYS supplied 76 ppm manganese, 134 ppm zinc, 38 ppm copper, 148 ppm 

iron, 0.21 ppm phosphorus and 2.41 ppm potassium. It also contained an appreciable 

quantity of essential AA; lysine, methionine, arginine, glycine, histidine and leucine 

(Valentino et al., 2015). It had 4% methionine, 2.4% tryptophan, 10% lysine, 6.30% 

aspartate and 17.62% glutamate (Ali, 2004; Rameshware and Khethyran, 2005). It had CP 

ranging from 21 to 37% true protein from 20.7 to 28.2%, nitrogen free extract from 37.16 

to 52.22% metabolizable energy 2375 Kcal/kg and 25-56% ash (Ramshwari and 

Karthikeyan; 2005; Sattar et al., 2008; Sharif et al., 2012). 

2.2. Effect of DYS on growth performance 

2.2.1. Feed intake  

Birds fed diets containing yeast based products consumed more feed than those 

fed diets without yeast (Dhama et al., 2011; Gurbuz et al., 2011; Lea et al., 2013). This 

may be due to the balance of gastrointestinal flora with an increase in villi-crypt 

absorptive area (Tongsong et al., 2008; Koc et al., 2010; Swiatkiewicz et al., 2014). 

A13.75% increase in feed intake (FI) was observed in broilers fed diets containing 8% 

washed DYS (Sharif et al., 2012). The supplementation (200 g/ton of feed) of natural 

carbohydrate fraction derived from yeast showed higher (P<0.05) FI than those fed 

control diet (Lea et al., 2013). Japanese quails fed diets containing 2 g probiotic and 1 g 

prebiotic /kg feed ate 1.27 and 0.85% more feed, respectively, than those fed control diet 
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(Nikpiran et al., 2013). A significant increase in FI by birds fed 6% raw DYS was 

noticed, but FI beyond this level was declined (Khan, 2001). Koc et al. (2010) also 

reported that yeast supplementation increased (P<0.05) FI in broilers. Shareef and Al-

Dabbagh (2009) also noticed beneficial effects of adding SC on the FI in broiler chicks. 

According to Rameshware and Khethyran (2005) birds fed diets supplemented with DYS 

had higher feed consumption, but it declined with increased dietary supplementation (30, 

50 and 70%). Afsharmanesh et al. (2010) reported increased feed consumption by broilers 

fed diets containing yeast. Herria and Garcia (1983) reported improved FI by broilers fed 

diets wherein 7% yeast replaced SBM on N equivalent basis. This improvement may be 

associated with the balanced microbial population of broilers’ GIT. The higher (P<0.05) 

feed consumption in broilers fed diets containing yeast might be attributed to its high 

vitamin B complex, proteins and minerals (Shareef and Dabaggah, 2009; Hussnain and 

Soliman, 2010).  

In a study with white leghorn chicks, the 5.3% higher FI was recorded in birds fed 

20% torula yeast, however, it sharply declined at 30% inclusion level (Rodrigiez et al., 

2014). This adverse effect of high yeast supplementation on the reduced FI may be due to 

high nucleic acid and ash content which reduced dietary energy and poor N utilization. 

Moreover, this could be due to the change in physical form of feed because the diet was 

more pulverized on high inclusion levels (Rodrigiez et al., 2014). Excess dietary nucleic 

acid may lessen the excretion rate of uric acid, leading to a possible metabolic disorder 

(Teles, 2011). Various other studies have also indicated that finer particles in the feed 

depress nutrient digestibility. Further, this low intake is associated with the intestinal 

hypertrophy caused by bacterial fermentation which via an indirect rout affected bird’s 

appetite (Rodrigiez et al., 2014).  

2.3. Effect of DYS on immunity 

Immune cell activation may be one of the most important biological functions of 

yeast (Swiatkiewcz et al., 2014). Dietary yeast not only improved immune system activity 

but also reduced deleterious effects of stress in avian species (Swiatkiewcz et al., 2014). 

The DYS contains an appreciable amount of MOS and its 1% inclusion produced higher 

antibody titer against Newcastle Disease (ND) (Hashmi et al., 2006). 
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2.3.1. Beta-glucans as immune booster 

The β-glucans are glucose polymers that are derived from yeast, bacteria and 

fungi. These are frequently applied in animal production as immunity enhancers (Hooge, 

2003; Griggs and Jacob, 2005; Rosen, 2007; Gurbuz et al., 2011). The inclusion of 0.02 

and 0.1% dietary β-glucans reduced (P<0.05) lesion severity by altering immune-related 

gene expression profiles during coccidiosis (Cox et al., 2010). A swift and effective 

immune response was also observed in broiler chicks given single-strain probiotics and β-

glucans (An et al., 2008). Supplementing dietary β-glucans above 0.02% improved 

immunity in broilers (Chae et al., 2006). Increased innate immune response (enhanced 

phagocytosis) was observed in male broiler chicks fed diets containing β-glucans and its 

addition protected the bird from salmonella infection (Lowyer et al. 2005; Swiatkiwicz et 

al., 2014). Increased serum cytokine, IgG, IgA, plasma globulobin and lymphoid organ 

weight were found in birds fed diets containing β-glucans (Zhang et al., 2008).  

2.3.2. Mannan as immunomodulator  

The MOS promotes host immune response against different pathogens (Kocher 

and Tucker, 2005). In an experiment with broiler chicks during heat stress conditions, 

Sohail et al. (2010) described that supplementation of 0.1% lactic acid bacteria and 0.5% 

MOS either alone or in combination showed higher (P<0.05) antibody titers against 

infectious bursal disease (IBD) and new castle disease virus (ND; Sohail et al., 2010). 

This protection may have been due to increased phagocytosis and exaggerated response 

of cytokine that raised bird’s immunoglobulobin  (Gao et al., 2008; Sohail et al., 2010). 

In addition, the serological data demonstrated that broiler chicks supplemented with MOS 

had higher immune response against ND virus (Oliveira et al., 2009). It was reported that 

the addition of SC cell wall up regulated (P<0.05) immune function particularly through a 

balanced control of pro-inflammatory cytokines of immunosuppressed birds (Zhang et al., 

2012). Accessing effects of MOS on hens’ immune systems, it was concluded that the test 

diet exhibited better immune response than the control diet (Shashidhara and Devegowda, 

2003). Oliveira et al. (2009) reported that broiler diet containing MOS had higher 

immune responses against NDV than those from birds fed diets without additives or only 

with enzymes. At 21 and 35day of age birds supplemented with a dose of 0.2% YCW 

produced higher antibodies as compared to those supplemented with 0.1 and 0.3 % YCW 

(Mehdi and Hassan, 2012). Increased antibody titers against avian influenza virus (AIV) 

http://www.aspajournal.it/index.php/ijas/article/view/ijas.2011.e26/html#14
http://www.aspajournal.it/index.php/ijas/article/view/ijas.2011.e26/html#9
http://www.aspajournal.it/index.php/ijas/article/view/ijas.2011.e26/html#27
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in vaccinated chicks were found following supplementation MOS (Tohid et al., 2010). 

Similarly Muthusamy et al. (2011) noted immune stimulatory effects of supplementing 

YCW against NDV. They further noted that addition of 2g YCW/Kg feed mitigated the 

deleterious effects of fusarium mycotoxin on the immune system. Conversely, Ozek 

(2012) noted that MOS supplementation produced no change in antibody titer against 

NDV, IB and IBD of 52 week old laying hens. Bozkurt et al. (2012) reported that 

supplementation of MOS or an essential oil mixture remained ineffective regarding the 

antibody production against immunosuppressive disease of layer chicks. 

2.3.3. Commercial yeast products and antibody response 

Several researchers (Hashmi et al., 2006; Yalcin et al., 2010; Halder et al., 2011) 

agreed that commercial yeast based products have beneficial effects on birds immune 

systems. The higher humoral immune response was produced in hens treated with black 

cumin seed and yeast autosylate (Yalcin et al., 2012). Gao et al. (2008) reported increased 

concentration of IgA, IgM and serum lysozyme antibody titers against viral diseases due 

to YC supplementation. The increased lysozyme concentration due to dietary yeast 

culture might have the capability of breaking polysaccharide wall of different types of 

bacteria which thus granted shelter against diseases (Gao et al., 2008). In a 35-day trial, 

birds fed yeast products had higher antibody titers against NDV as compared to the 

control group (Halder et al., 2011).Various workers (Shashidhara and Devegowda, 2003; 

Gao et al., 2008; Silva et al., 2009; Tohid et al., 2010) have also noted similar 

incremental effects of yeast derivatives on the antibody production against viral diseases 

attributing to combined effects of mannans, glucans and nucleotides present in yeast. In 

contrast, Silva et al. (2009) and Ozek (2012) reported no advantageous effect of yeast on 

bird’s immune systems. Gao et al. (2008) observed higher antibody production against 

NDV in birds fed yeast culture. Similarly, Yalcin et al. (2014) noted that increased YCW 

levels supplementation elevated antibody titers of 26 week old laying hens.  

During an experiment with 58-week old hen yeast extract additive generated a 

beneficial impact on the immune system activity by increasing phagocytic function and 

oxidative burst of heterophils (Matur et al., 2011). Gosh et al. (2012) attained a better 

humoral immune response against NDV in broiler chicks by supplementing SC as 

compared with a non supplemented group. Gheisari and Kholeghipour, (2006) 

documented that live yeast SC enhanced immune response against NDV in broiler chicks. 
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Gomez et al. (2009) also reported that YCW supplementation provided protection against 

disease by activating both arm of immunity over the course of Eimeria spp. infected 

chicks. Savage et al. (1996) evaluated dynamics of YCW product and found increased 

plasma IgG and IgA in turkey. Meng et al. (2010) conducted an experimented on layers 

to evaluate immune enhancing properties of chito-oligosacchrides in egg laying birds. 

They revealed that a concentration of 200 or 400 mg/kg feed may be beneficial in 

immunity improvement.  

Khan et al. (2011) documented that yeast probiotic can enhance cell mediated 

immune response of broiler chicken by modulating macrophage function. The prebiotic 

inclusion not only activates immune system but can behave as adjuvants to boost vaccine 

induced immune responses (Alloui et al., 2013). In an in vitro experiment, it was 

observed that supplementation of yeast culture produced an anti-inflammatory effect in 

conjunction with the stimulation of B-lymphocytes and natural killer cells (Mehdi and 

Hasan, 2012).  

Yalcin et al. (2012) noted immune boosting effects of yeast autosylate on humoral 

immune status of layers. Lensing et al. (2012) studied the comparative effects of yeast 

culture and lactobacillus based growth promoters on the antibody response of broilers. 

They concluded that both tested additives did not show any beneficial effect on bird’s 

immunological status against NDV and IBD.  

2.4. Effect of DYS on gut health 

The GIT morphology is greatly influenced by animal diet (Santin et al., 2001). 

The GIT contains a variety of microflora, but bacteria form the major part of the 

population (Yegani and Korver, 2008). Although use of yeast has not had a long history 

in avian diet, studies are being conducted to verify its immense potential on gut health 

efficiency (Yang et al., 2009). Numerous scientific reports indicate that yeast utilization 

has positive impact on gut health (Santin et al., 2001; Gao et al., 2008; Koc et al., 2010; 

Sohail et al., 2010; Ghosh et al., 2011; Halder et al., 2011). The mechanisms by which 

MOS work include controlling the possible pathogenic bacteria, strong immuno 

modulatory effects and alterations in intestinal structure (Ferket, 2003). 

Gao et al. (2008) found that yeast supplementation was very effective in terms of 

yielding better villus to crypt ratio. This increased villus area makes better gut health 
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which resultantly enhances nutrient digestibility. The higher intestinal absorption is 

associated with the increased surface area. Increased absorptive area is helpful, because 

the digested nutrients pass the villi by diffusion and consequently diffusion efficiency 

increases (Matur and Eraslan, 2012). Similarly, inclusion of probiotic product has been 

reported to cause increased villus height to crypt depth ratio in the duodenum and ileum 

(Kim et al., 2011). Iji et al. (2001) demonstrated that broilers fed MOS had a tendency to 

display pronounced intestinal histological changes like increased villi height and crypt 

depth ratio. Villus development is generally associated with superior gut health as well as 

increased nutrient absorption (Sims et al., 2004). A group of chicks receiving yeast 

protein concentrate-pellets (Halder et al., 2011) and YCW (Luquetti et al., 2012; 

Swiatkiewicz et al., 2014) developed villi more efficiently during a heat stress period 

(Santin et al., 2001; Zhan et al., 2005). 

Lactobacillus spp supplementation in chicks’ diet resulted in increased villus area 

and crypt depth ratio in the ileal and duodenal portions of the intestine (Awad et al., 

2010). Koc et al. (2010) reported that yeast based products might enhance lactic acid 

fermenting bacteria population which might counter the negative effect on E. coli in 

broilers. In an experiment with old layers, live yeast sharply increased the ileal 

lactobacilli count. This rise in the lactobacilli might be due to colonization of beneficial 

microflora (Hussnain and Soliman, 2010; Chen et al., 2013). An et al. (2008) observed a 

low lactic acid bacteria count with probiotic supplementation. These bacteria ferment feed 

and produce lactic acid and form an acidic intestinal medium, which limits the growth of 

putrefactive and potentially harmful bacteria, preventing the host from diseases (Servin, 

2004; Li et al., 2104). Mountzouris et al. (2007) and Hussnain and Soliman (2010) 

explained that probiotic species like lactobacillus and Saccharomyces had a potential 

effect on modulation of intestinal microflora and pathogen inhibition. 

Assessing the efficacy of a botanical growth promoter i.e. MOS and antibiotic, it 

was observed that the MOS treated group produced more lactobacilli, but antibiotic 

suppressed lactobacilli number (Chee et al., 2010). Dietary MOS not only inhibited 

harmful bacterial growth containing type-1fimbriae, like E. coli, but also expelled from 

gut (Yang et al., 2009). Studies with turkey pullets demonstrated that addition of 

Alphamune, a commercial yeast product, produced beneficial effects on intestinal 

architecture at 7 and 21 days of age (Santos et al., 2007). In a comparative study between 

yeast and antibiotic bacitracin methylene disalicylate (BMD), it was reported that ileal 
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activity (epithelial maturation) was highly consistent with yeast and BMD treatment 

(Fasian and Thanissery, 2011). Moreover, dietary yeast reduced severity of E. maxima 

lesions and reduced gut health damage in layer chicks (Lensing et al., 2012).  

Santin et al. (2001) and Zhang et al. (2005) recorded a positive role of 

supplementing yeast on gut health maturation. Baurhoo et al. (2009) revealed that birds 

fed MOS gained better intestinal health by increasing goblet cell number. Moreover, 

MOS supplemented birds’ increased cecal Lactobacillus population and lowered the E. 

coli concentration. 

2.5. Effect of DYS on hematological  aspects  

2.5.1. Red blood cells  

Nutrition, age and gender are the leading factors influencing blood parameters 

(Albokhadaim, 2012). Erythrocytes are the primary carrier of oxygen and CO2; it was 

observed that chicks fed yeast attained increased erythrocyte size. This phenomenon 

enhances the exchange rate of gases with the tissues which improved bird’s health (Koc et 

al., 2010). Low erythrocyte count and hemoglobin value is a hallmark of anemia (Sonone 

et al., 2011). Sonone et al. (2011) concluded that total erythrocyte count was decreased in 

birds infected with bacteria; however, MOS treated birds achieved higher erythrocytes. 

Apart from this, MOS supplemented birds showed less severity of infection. Dietary yeast 

has positive correlation with red blood cell (RBC) production and this synergy may be an 

additional mechanism of yeast on growth (Onifade et al., 1999; Paryad and Mahmoudi, 

2008). However, Al-Mansoor et al. (2011) recorded no effect of yeast on the erythrocyte 

value in broilers. Onifade et al. (1999) concluded that rabbits fed yeast culture had 

improved (P<0.05) haematocrit and Hb. 

2.5.2. White blood cells  

White blood cells (WBCs) are important to fight against infection and foreign 

substances (Line et al., 1997). Increase in WBC number has been used as a measure of 

stress (Davis et al., 2008). In salmonella challenged trial with broiler chicks, yeast 

supplementation significantly limited the frequency of pathogens (Line et al., 1997). The 

concentration of YC reduced (P<0.05) WBC counts in avian species (Al-Mansoor et al., 

2011). Gheisari and Kholeghipour (2006) reported that addition of SC had no significant 
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effect on hematological indices like RBC, WBC and PCV%. Likewise, Al-kassie et al. 

(2008) examined the blood picture of broilers by supplementing probiotic and prebiotic. 

They observed non-significant effect of treatments on WBC count. 

2.5.3. Differential leukocyte count  

 Leukocytes act as a first line of defense against invasive pathogens in birds 

(Hassan et al., 2012; Genovese et al., 2013). Turkey pullets supplemented with MOS 

showed no effects (P>0.05) on differential leukocyte count (DLC; Cetin et al., 2005; 

Ishaq et al., 2012). The increased DLC count may be due to inclusion level, 

supplementation forms, species dissimilarity differences and nutrition (Ishaq et al., 2012). 

Khan et al. (2011) noted increased disease resistance effects with probiotic 

supplementation in Hyline hens. Authors noted higher lymphocyte number with a parallel 

low heterophil percentage. 

Biological additives may alter erythrocytes, leukocytes, lymphocytes and 

heterophils of broiler. Woo et al. (2006) explained the effects of beta-glucans, prebiotic 

and probiotics on broiler chicks and noted reduced leukocytes and RBCs.  However, 

Cetin et al. (2005) observed that DLC were not affected by dietary MOS and probiotics 

addition.  

2.6. Effect of DYS on blood hormones  

Normal poultry growth rate requires optimal concentrations of triiodothyronine 

(T3) and thyroxine (T4). Thyroid glands produce T4 which is converted into T3, an active 

form (Darras et al., 2000). Plasma thyroid hormones are affected by age, feed status and 

physiological status in birds (Aluwong et al., 2012). It is widely acknowledged that T3 

triggers metabolic rate and both T4 and T3 concentrations are depressed following stress, 

but this arrangement is not globally observed (Scheele et al., 1992; Melesse et al., 2011). 

Yeast is an excellent system to study thyroid hormone receptor (TR) action (Aluwong et 

al., 2013). The MOS supplementation increased (P<0.05) T4 and T3 concentration during 

a heat stress period in broiler chicks (Sohail et al., 2010). Halder et al. (2011) reported 

that broiler chicks fed yeast increased T3 level at 21 days of age.  
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2.7. Effect of DYS on layer’s visceral organ histopathology 

Histopathology is the microscopic examination of tissues affected by disease. 

Matur et al. (2011) reported that yeast extract reduced the detrimental effect of aflatoxins 

on pancreatic activity. Moreover, yeast inclusion counteracted lethal effects of 

Aspergillus in breeder hens. The broilers’ studies demonstrated that yeast partially 

alleviated the harmful effects but was found insufficient for preventing tissue damage 

(Yildirim et al., 2011). It is observed that chicks supplemented with imbalanced mineral 

level exhibited different abnormal pathological conditions including renal failure and gout 

(Chang and Fun, 1992; Ansar et al., 2004). Haider (2010) observed that diet containing 

20% resulted in swollen liver and kidney; however, the liver and kidney of chicks fed 

diets containing 5, 10 and 15 % DYS had no adverse effects.   

2.8. Effects of DYS on layer’s mortality 

El Iraqi and Fayed (2012) reported low mortality rate in layers fed diets 

containing yeast. This reduced mortality might be due to birds’ enhanced immunity 

against pathogenic microbes (Dunham et al., 1993; El Iraqi and Fayed, 2012). Chand et 

al. (2014) observed highest mortality in birds reared on yeast free diet as compared to 

yeast supplemented birds. This variation in livability might be due to different yeast types 

like dried, inactive and fermented yeast (Chand et al., 2014). Mujahid et al. (2012) and 

Sharif et al. (2012) observed gradual increase in the survivability of broilers fed higher 

level of washed DYS. This might be due to the increased phagocytic activity of 

neutrophils against harmful microbes which enhanced survival rate. However, Rodrigiez 

et al. (2014) reported high mortality with the gradually increased supplementation of 

torula yeast in white leghorn layers. They further commented that increased mortality was 

due to the deleterious effects of high nucleic acid contents. Nikpiran et al. (2013) 

observed non-significant effect of supplementing graded levels of yeast on mortality rate 

of Japanese quails. This may be due to more appropriate management conditions during 

the trial period which showed no mortality. Munyaka et al. (2012) observed no influence 

of yeast on the mortality rate in broiler chicks, however, a numerical difference was found 

depicting a reduced mortality in birds fed yeast.  
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2.8.1. Body weight gain   

A series of experimental studies revealed that birds supplemented with yeast 

derived products gained more body weight (BW; Afsharmanesh et al., 2010; Hosseini, 

2011; Aluwong et al., 2013). This incremental broiler’s growth may be due to their better 

nutrient digestion and absorption through indirect effect of YC (Aluwong et al., 2013). 

Moreover, broiler diets supplemented with 0.2% YCW resulted in a significant 

improvement (5.9%) in BW (Santin et al., 2001). This growth stimulatory effect in bird’s 

overall performance might be due to enhanced villus growth especially during early 

period of life (Santin et al., 2001; Chee et al., 2010). Fowler et al. (2015) reported a 

significant improvement in BW (15%) at a dose rate of 250 ppm yeast supplementation. 

The yeast product supplementation significantly increased BW when added at 1.0 and 0.5 

kg/ton during starter, grower, and finisher phases of production (Benites et al., 2008). In a 

42 day trial, it was observed that broiler fed YCW significantly improved (3%) BW when 

reared in immunosuppressive state (Zhang et al., 2012).  

Rameshware and Khethyran (2005) observed a marginal decline in broiler BW 

with increasing dietary DYS. The yeast sludge, being rich in calcium, might have caused 

disorders like stone formation or constipation. Moreover, the presence of excess phenol 

and calcium adversely affect intestinal absorption of phosphorus. Rodrigiez et al. (2014) 

also reported reduced BWG by the birds fed increased level of DYS (30%). The reduced 

BW has also been observed in the group of birds treated with high doses of YCW. Ozorio 

et al. (2012) also reported a linear decrease in BWG when the diets contained more than 

15% yeast. 

Broilers chicks fed β-glucan had higher BW gain (Chae et al., 2006). Assessing 

the effect of SC on the growth performance of male broiler chicks it was found that its 

addition induced 1.7% increase in BW gain (Afsharmanesh et al., 2010). Chand et al. 

(2014) revealed that maximum BW was achieved in birds fed SCP based diets. In another 

study, improved BW gain was found in the broilers fed diet containing 2% yeast (Shareef 

and Al- Dabbagh, 2009). This might be due to the fact that yeast supplementation 

increased villus height, increased population of anaerobic and cellulytic bacteria which 

enhanced lactate utilization and moderated intestinal pH, there by facilitated nutrients 

digestibility and growth (Abdel-Azeem, 2002; Chand et al., 2014). 
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2.8.2. Feed conversion ratio (FCR) 

Yeast and its components may improve feed efficiency (Husnain and Soliman, 

2010; Dhama et al., 2011; Ghosh et al., 2012). Mujahid et al. (2012) observed that DYS 

had a beneficial effect on feed efficiency. Diets enriched with a blend of yeast product 

improved 10 % feed efficiency (Fowler et al., 2015). Turkeys fed yeast supplemented 

diets utilized more feed during stress times (Huff et al., 2013). This efficacious effect 

supports the hypothesis that yeast positively modulated growth performance by enhancing 

apparent nutrient retention capacity of bird (Liu et al., 2002; Fasina and Thanissery, 

2011). 

Al-Mansour et al. (2011) reported improved FCR by feeding yeast culture. This 

improved performance of birds may partly be attributed to reduced energy partitioning 

toward tissue turnover. In addition, Rameshware and Khethyran (2005) reported poor 

FCR in birds fed diets containing higher levels of yeast sludge. Ozorio et al. (2012) 

observed a linear depression in FCR with increased yeast supplementation. This might be 

due to the fact that yeast’s high concentration of nucleic acids and non-starch 

polysaccharides might have displayed antinutritional properties. However, Zeweil (1997) 

and  El-Latif (2007) found improved (P<0.05) FCR in Japanese quails fed 2% dietary 

yeast. 

In an experiment with broiler breeder, Stanley et al. (2004) reported that 

supplementation of SC culture significantly increased performance. Valdivie (1975) and 

Zhang et al. (2005) noted a significant improvement in the feed to gain ratio of broiler 

chicks with increasing dietary SC. However, Hewida et al. (2011) used 3 levels of yeast 

(1, 2 and 3 kg/ton yeast culture) in diets of 52 week old Brown bovans layers and reported 

poor FCR. 

2.9. Effect of DYS on egg production and egg weight 

Yeast supplementation improved egg production and egg weight (Turtuero and 

Fernandez, 1995; Dizaji et al., 2009; Hassanein and Soliman, 2010; Yalcin et al., 2010; 

Dhama et al., 2011; Gurbuz et al., 2011; Hashmi et al., 2013). Liu et al. (2002) and Khan 

et al. (2011) reported that Hyline hens fed diets treated with YC produed heavier eggs. 

Moreover, diets containing yeast autosylate also produced positive impacts on egg 

production and egg weight (Yalcın et al., 2010; Gurbuz et al., 2011). Martinez et al. 
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(2010) documented that hens fed diets containing SCP yielded more eggs and had better 

FCR. Improved egg production was attributed to better intestinal health, leading to 

increased nutrients flow towards circulation (Santin et al., 2001; Martinez et al., 2010). 

Hens fed diets containing 250 ppm YCW produced heavier eggs (P<0.05) from 21 to 28 

weeks (Hashim et al., 2013). Guclu (2011) also observed incremental response in egg 

production with probiotic. Supplementation of dried brewer’s yeast resulted in 6.24% 

more egg production (Levic et al., 2010). In contrast, Yalcin et al. (2014) recorded no 

influence of diets containing yeast on egg production and egg weight in birds. 

Chen et al. (2005) observed few modifications in the digestive tract chiefly the 

lengthening of intestinal tract of laying hens receiving prebiotic. This shift in intestinal 

architecture increased egg production rate. The increment in egg production with low 

yeast level may be attributed to the antagonistic effect of yeast against intestinal 

pathogenic microflora which might have caused nutrient mal-absorption (Hassanein and 

Soliman, 2010). Higher yeast inclusion adversely affected nutrient digestibility 

(Romashko, 1999; Hassanein and Soliman, 2010). 

2.10. Effect of DYS on egg shell thickness and egg shell weight  

A significant increase in egg shell weight (7%) was observed in layers fed diets 

containing yeast when compared to those fed diets without yeast (Ayanwale et al., 2006). 

It was reported that supplementation of cassava yeast might enhance egg weight and shell 

thickness but not egg production (Chumpawade et al., 2009). During an early production 

cycle, significant improvement in egg shell thickness and egg shell weight was recorded 

in the birds fed diets containing 500 ppm yeast (Hashmi et al., 2013). Swain et al. (2011) 

noted strengthened shell thickness of eggs due to yeast supplementation. This could be 

due to the increased short chain fatty acid production in the intestine (Swiatkiewicz et al., 

2014).  

Hassanein and Soliman (2010) reported that 0.8% live yeast increased the shell 

thickness. This fortifying ability of yeast in egg shell structure was due to its stimulatory 

effects on calcium absorption as well as retention (Bradly and Savage, 1995; Hassanein 

and Soliman, 2010). This process of strengthening the egg shell is evident from work of 

Park et al. (2001) who reported fewer broken and soft shelled eggs in birds fed diets 

contining yeast. Thayer and Jackson (1975) in an in vitro trial described that YCW 
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released 75-80% phytate phosphorus within 4 hour and utilized phosphorus efficiently. 

This increased mineralization might result in a stronger egg shell structure (Ayanwale et 

al., 2006). Mikulski et al. (2012) also observed more egg shell thickness in the birds 

supplemented with yeast probiotic. 

A noticeable improvement in egg shell structure of broiler breeder and laying hens 

fed diets containing MOS was observed (Berry and Lui, 2000;  Bozkurt et al., 2012). 

Radu and Pop (2010) reported higher egg shell weight and shell thickness with 0.1% 

yeast prebiotic treated group during the late laying period. This ability of yeast to improve 

egg shell structure may be due to its positive impact on calcium absorption and retention 

(Bradly and Savage, 1995). The reason of improved egg shell structure and bone quality 

may be due to the fact that prebiotic supplementation beneficially modifies mineral 

utilization (Swiatkiewicz and Wlosek, 2012; Alloui et al., 2013). Increased egg weight 

was found in Japanese quail supplemented with MOS or chromium yeast; however, this 

MOS addition had no effect on egg quality (El-Samee et al., 2012). 

2.11. Effect of DYS on haugh unit score and albumen height 

The Haugh unit score is used to judge egg freshness and is associated with egg 

shelf life (Meng et al., 2010; Ozek, 2012). The higher (P<0.05) egg albumen weight was 

noticed in birds fed diets containing selenized yeast (Arpasova et al., 2009). Pullets fed 

diets containing dried yeast produced eggs with highe haugh unit scores than those fed 

control diets (Ayanwale, 2006; Khan et al., 2011). This improvement might be due to 

some essential micronutrient present in yeast (Thayer, 1978; Khan et al., 2011). Diets 

containing yeast improved the egg albumen (Ayanwale, 2006; Swain et al., 2011). El-Samee et al. 

(2012) observed that egg albumen could be enhanced with MOS supplementation Ozek, 

(2012) noted significant influence of MOS on Haugh unit and the albumen height in eggs. 

However, Guclu (2011) found no effect of yeast on albumen index and Haugh unit score 

in quail breeder. Yalcin et al. (2014) reported that birds fed diet containing up to 4 g/kg 

YCW produced eggs with similar Haugh unit and albumen height than that of control 

diet. Similarly, Iqbal et al. (2015) demonstrated that diets supplemented with MOS 

produced no difference in Haugh unit scores and albumin indexes in Japanese quails.  
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2.12. Effect of DYS on economics 

Using DYS as alternative protein sources in poultry revealed that DYS addition 

reduced production costs as compared to a control group (Rameshware and Khethyran, 

2005). Sharif et al. (2012) also recorded low production costs by replacing canola meal 

with washed DYS in birds. This might be due the fact that DYS was 50% cheaper than 

canola meal. Likewise, 14.6% more profit was obtained in the yeast treated group than 

that of control counterpart (Magalhaes et al., 2008; Sharif et al., 2012).  



21 
 

CHAPTER 3 

MATERIALS AND METHODS 

This project was conducted to evaluate the effects of gradual replacement of SBM 

with varying levels of dried DYS on gut health, immune response, histopathology and 

performance of layer chicks at starting, growing and laying stages under standard 

management practices of the Poultry Research Centre, University of Agriculture, 

Faisalabad. The project was carried out for 36 weeks in three phases; i.e. starting (0-8 

weeks), growing (9-16 weeks) and laying phase (17-36 weeks) on 600 one day-old Hy-

line (CV-22) layer chicks purchased from the local market.  

3.1. Procurement and Preparation of raw DYS 

 A separate batch of DYS was procured from M/S Shakar Gung Sugar Mills Ltd., 

Jhang. Then it was dried in a locally manufactured steam jacket dryer and the biomass 

was collected for further processing.  

3.2. Experiment 1 

This experiment was executed to evaluate the effect of replacing dietary SBM 

with varying levels of dried DYS on gut health, immunity, histopathology and 

performance of layer chicks during starting phase (0-8 weeks). 

3.2.1. Experimental birds 

Six hundred Hy-line (CV-22) day-old layer chicks purchased from local market 

were randomly divided into twenty experimental units (30chicks/replicate). These 

replicates were further allotted randomly to five treatment groups in such a way that each 

treatment had four replicates. 

3.2.2. Experimental diets 

 Five isocaloric (ME 2800 kcal/kg) and isonitrogenous (CP 21%) starter diets were 

formulated (Table 1). The metabolizable energy was determined according to NRC 

equation (NRC, 1994). The diet containing 0% DYS was designated as control (C) diet. 

Similarly, diets containing 5, 10, 15 and 20% DYS were designated as DYS5, DYS10, 

DYS15 and DYS20 diets, respectively. The DYS was replaced with SBM on protein 

equivalent basis. The experimental diets were fed to chicks from day 1 to 8 weeks of age.  
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3.2.3. Birds housing and management 

The poultry house was thoroughly white washed and disinfected before the 

commencement of the trial. Chicks in each replicate were kept in separate pens and the 

pens were allotted at random to different experimental units. Rice husk was used as litter 

material in pens which was stirred daily during the experimental period to keep it in dry 

condition. Brooding temperature during the first week was maintained at 95 °F with a 

gradual decrease of 5 °F per week until it reached at 75 °F. Feed and water were made 

available to birds around the clock. The birds were kept for 8 weeks during this trial. At 

the end of each phase (Starter, grower and laying phases), experimental birds were mixed, 

and regrouped to start next phase’s experiment. The birds were vaccined according to the 

local vaccination schedule.  

3.2.4. Chemical analysis 

Feed ingredients used to formulate experimental diets were analyzed to determine 

DM, CP, ether extract and crude fiber using standard procedures as described in AOAC 

(1990). The metabolizable energy was determined according to NRC equation (NRC, 

1994). The Experimental diets were formulated using values obtained after chemical 

analysis.The proximate analysis of experimental diets was also performed. 

3.3. Experiment 2 

This experiment was conducted to examine replacing effects of dietary SBM with 

varying levels of dried DYS on gut health, immunity, histopathology and performance of 

layer growing chicks (9-16 weeks). 

3.3.1. Experimental birds 

Five hundred Hy-line (CV-22) layer grower chicks (8 weeks old) from the 

experiment 1 were randomly divided into twenty experimental units/replicates (25 

chicks/replicate). These replicates were further allotted to five dietary treatments such that 

each treatment had four replicates. 

3.3.2. Experimental Diets 

 Five isocaloric (ME 2700 Kcal/Kg) and isonitrogenous (CP 16%) layer grower 

diets were prepared (Table 2). The C, DYS5, DYS10, DYS 15 and DYS20 diets  

contained 0, 5, 10, 15 and 20% DYS, respectively. The DYS was replaced with SBM on 
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protein equivalent basis. These diets were fed to layer growing chicks from 9 to 16 weeks 

of age. 

3.3.3. Birds housing and management 

The birds were housed and managed as in experiment 1. At the end of each phase 

birds were mixed, regrouped to start next phase’s experiment. The birds were vaccinated 

according to local vaccination schedule. 

3.4. Experiment 3 

This trial was conducted to evaluate the effects of replacing dietary SBM with 

varying levels of dried DYS on egg production, egg quality, feed efficiency, gut health, 

immunity and histopathology of layers kept both in cage and floor production system 

during laying phase (17 to 36 weeks of age). 

3.4.1. Experimental birds 

Four hundred Hy-line (CV-22) layer birds of 17 week old were selected and 

randomly divided into two production systems. In this trial, 200 layers were placed on 

floor pens and 200 birds in cages. In each system, the 200 birds were divided into 20 

replicates each containing 10 birds. These replicates were randomly allotted to 5 

treatment groups.  

3.4.2. Experimental diets 

 Five isocaloric (ME 2800 Kcal/Kg) and isonitrogenous (CP 17%) layer diets were 

formulated (Table 3). The DYS was replaced with SBM on a protein equivalent basis in 

experimental diets.The C, DYS5, DYS10, DYS15 and DYS20 diets had 0, 5, 10, 15 and 

20% DYS, respectively. These diets were fed to the laying hens from 17 to 36 weeks of 

age. 

3.4.3. Birds Housing and Management 

The birds were housed and manged as in experiment 1. The laying hens were kept 

in single flat deck cage units (2 hen/cage) with a dimension of 40 cm (length) ×40 cm 

(width) × 34 cm (height), whereas a space of 1 ft2  was provided to each bird reared on the 

floor.  
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3.5. Data Collection 

3.5.1. Growth Performance  

A weighed quantity of feed was offered ad libitum to each experimental unit daily. 

The residual feed was collected from feeders dialy, and weighed to calculate daily feed 

consumption per pen. The FI was corrected for mortality, if any. Individual body weight 

(BW) was obtained at the beginning of experiment. Thereafter, weekly BW was recorded 

per pen basis. At the end of each phase average BW gain and FI calculated on weekly 

basis separately for 1st and 2nd experiment to work out feed conversion ratio (FCR). In the 

3rd experiment FCR was calculated by two ways; i.e FCR per dozen eggs and FCR per Kg 

egg mass as described by Kumar and Singh (1994).          

3.5.2. Egg Quality 

 To measure the egg quality, eggs were numbered and weighed for each replicate 

daily and average egg weight (g) was calculated. Each egg was broken on a flat glass 

surface. The egg shell was cleaned and weighed (g) using an electric balance. Shell 

thickness was recorded in millimeters (mm) using a micrometer screw gauge.The 

albumen height (mm) was measured at middle portion of the thick albumen by using an 

egg meter and the Haugh unit score was calculated by method of Singh and Kumar 

(1994). 

3.5.3. Immune Response 

At the age of 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34 and 36 

weeks, blood was collected from 3 birds from each replicate used in 3 experiments to 

determine post-vaccinal antibody titers against ND and AI through the Haemagglutination 

Inhibition (HI) test (Allan and Gaugh, 1974). Gaomatric mean titers were calculated at 

each interval of each group and compared through ANOVA to see any difference in the 

post-vaccinal antibody titers among various treatment groups. 

3.5.4. Gut Health  

3.5.4.1. Collection of intestinal samples 

For gut health investigation, 3 birds/replicate from each treatment group were 

slaughtered at the end of week 8, 16 and 36 in experiment 1, 2 and 3, respectively. 

Samples were collected from the cecum of the birds.  
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3.5.4.2. Isolation of Lactobacilli  

Sterilized culture media (deMan Ragosa Sharpe (MRS)) was prepared, for 

Lactobacilli Spp. isolation and counting. Samples were collected from the cecum of 

chicks. These gut contents were mixed thoroughly in a sterilized phosphate buffer saline 

and stored for 24 hours for further processing. The MRS agar plates were inoculated and 

incubated for cultivation of Lactobacillus species (Harrigan and McCance, 1976) and 

purifications were done as described by Awan and Rehman (2002). Total bacterial count 

was measured by using a colony counter and weighed in terms of colony forming units 

per g digesta (Strompfova et al., 2005). 

3.5.5. Histopathology of visceral organs 

Three layer birds per replicate at the age of 8, 16 and 36 weeks were slaughtered 

to observe presence of any histopathological changes in liver, heart, kidney, lungs and 

intestine of respective treatment groups. Visceral organ tissues were fixed in formalin and 

processed for histological examination by routine methods of dehydration in ascending 

series of ethanol, clearing in xylene and embedding in paraffin. Sections of 5 µm 

thickness were cut and stained with hematoxylene and eosin (Bancroft and Gamble, 

2007). 

3.5.6. Haemetology 

At the end of week 36, blood samples (5 ml each) from 3 birds /replicate were 

collected from both production systems (floor vs cage) via wing vein in tubes having 

EDTA to prevent clotting. The red blood cell (RBC) count was done with the help of 

haemocytometer using the technique described by Natt and Herrick (1952). Differential 

Leukocyte Counts (DLC) was carried out by the method described by the Kolmer et al. 

(1961) and white blood cells (WBC) were also counted as described by (Benjamin, 1978). 

3.5.7. Blood hormone determination 

At the end of week 36, blood samples (5 ml each) from 3 birds /replicate were 

taken from both floor and cage production systems via wing vein in tubes with EDTA as 

the anticogulant. The plasma triiodothyronine (T3) and thyroxine (T4) concentrations were 

measured by methods used by Abraham (1972). 
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3.5.8. Economics of study 

In the production study, the only variable in production cost was the feed price 

which varied for different DYS inclusion levels in diets. As all other cost components 

remained similar for all dietary treatment groups, the economics of study was calculated 

mainly focusing on feed cost. 

3.5.9. Mortality  

A complete record of mortality of experimental birds was maintained during the 

experimental period. All the dead birds were subjected to post mortem analysis to 

determine the cause of death. 

3.6. Statistical Analysis   

Data collected for various paramters were analyzed using analysis of variance 

techniques in a Completely Randomized Design (CRD). The treatment means were 

compared by Tukey’s test (Steel et al., 1997). 
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Table: 1 Ingredients and chemical composition of layer starter diets (0- 8 weeks) 

with varying distillery yeast sludge  

 
  

Diets1 
  

 Ingredients % C DYS5 DYS10 DYS15 DYS20 

Soy Bean meal 11.92 8.94 5.96 2.98 0.00 

Distillery Yeast Sludge 0.00 5.00 10.00 15.00 20.00 

Rice tips 11.00 10 8.00 9.00 7.00 

Yellow corn 39.58 38.56 39.04 37.62 38.50 

Sunflower meal 5.00 4.50 4.00 4.00 4.00 

Cotton Seed meal 5.00 4.00 4.00 4.00 3.50 

Canola meal 5.00 5.00 5.00 4.00 4.00 

Rice polish 5.00 5.00 5.00 5.00 4.00 

Corn Gluten 60% 3.00 4.00 4.50 4.90 6.00 

Fish meal 3.00 3.00 3.00 3.00 3.00 

Guar meal 4.00 4.50 4.50 5.00 4.50 

Molasses 5.00 5.00 4.50 3.00 3.00 

Dicalcium Phosphate 1.00 1.00 1.00 1.00 1.00 

Limestone 1.00 1.00 1.00 1.00 1.00 

Premix2 0.50 0.50 0.50 0.50 0.50 

Chemical composition % 

ME Kcal/kg 2852 2848 2848 2851 2849 

Crude protein 21.01 21.06 21.04 21.01 21.01 

Crude fibre 5.40 5.35 5.42 5.25 5.22 

Ether extract 3.96 3.90 3.92 3.93 3.90 

Calcium 0.99 1.02 1.03 0.98 1.01 

Available phosphorus 0.45 0.49 0.48 0.42 0.44 

Lysine 1.15 1.13 1.09 1.11 1.13 

Methionine 0.64 0.61 0.62 0.63 0.60 

Price, Rs/kg 41.46 38.86 36.26 33.69 31.06 

  1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 
2Provided per kilogram of diet: vitamin A 9900 IU; vitamin D3 3300 IU; 25-hydroxy 

vitamin D3 0.055 IU; vitamin E 22.1 IU; vitamin K (menadion) g 0.0033; thiamin g 

0.0022; riboflavin g 0.0066; niacin g 0.033; pantothenic acid g 0.011; pyridoxine 0.0044; 

biotin g 0.055; folic acid g 0.0009; cobalamine g 0.0221; choline g 0.11; manganese g 

0.088; zinc 0.088; iron g 0.055; copper g 0.011; iodine g 0.0017; selenium g 0.0003. 
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Table: 2 Ingredients and nutrient composition of layer grower diets (9_16 

weeks) with varying distillery yeast sludge  

 
  

Diets1 
  

Ingredients % C DYS5 DYS10 DYS15 DYS20 

Soybean meal 11.92 8.94 5.96 2.98 0.00 

Distillery yeast sludge 0.00 5.00 10.00 15.00 20.00 

Rice tips 31.00 30.00 24.00 25.00 22.00 

Yellow corn 26.08 26.06 29.04 30.02 31.00 

sunflower meal 4.00 5.00 4.00 3.00 3.00 

Cotton seed meal 0.00 0.00 1.00 1.00 1.00 

Canola meal 2.00 3.00 3.00 1.00 1.00 

Rice polish 6.00 6.00 7.00 2.40 3.00 

Corn Gluten 30% 8.00 6.00 6.00 6.00 6.00 

Fish meal 1.00 1.00 1.00 1.00 1.00 

Guar meal 0.00 0.00 0.00 3.60 4.00 

Molasses 6.00 5.00 5.00 5.00 4.00 

Dicalciumphosohate 2.00 2.00 2.00 2.00 2.00 

Limestone 1.00 1.00 1.00 1.00 1.00 
2Premix 1.00 1.00 1.00 1.00 1.00 

Nutrient Composition % 

ME Kcal/kg 2702 2699 2701 2705 2702 

Crude protein 16.04 16.05 15.99 15.98 15.99 

Crude fibre 6.17 6.15 5.98 5.97 5.90 

Ether extract 3.40 3.42 3.40 3.38 3.35 

Calcium 1.70 1.69 1.67 1.70 1.65 

Available phosphorus 0.55 0.56 0.54 0.51 0.49 

Lysine 1.03 1.05 1.08 1.07 1.02 

Methionine 0.47 0.5 0.45 0.46 0.48 

Price, Rs/Kg 
40.51 37.55 34.84 32.69 30.12 

  1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 
2Provided per kilogram of diet: vitamin A 9900 IU; vitamin D3 3300 IU; 25-hydroxy 

vitamin D3 0.055 IU; vitamin E 22.1 IU; vitamin K (menadion) g 0.0033; thiamin g 

0.0022; riboflavin g 0.0066; niacin g 0.033; pantothenic acid g 0.011; pyridoxine 0.0044; 

biotin g 0.055; folic acid g 0.0009; cobalamine g 0.0221; choline g 0.11; manganese g 

0.088; zinc 0.088; iron g 0.055; copper g 0.011; iodine g 0.0017; selenium g 0.0003 
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Table: 3 Ingredients and nutrient composition of layer diets (17-36 weeks) varying 

distillery yeast sludge 

 
  

Diets1 
  

 Ingredients % C DYS5 DYS10 DYS15 DYS20 

Soybean meal 11.92 8.94 5.96 2.98 0.00 

Distillery Yeast Sludge 0.00 5.00 10.00 15.00 20.00 

Rice tips 23.00 17.00 12.00 9.00 7.00 

Yellow corn 35.08 40.06 42.34 42.52 43.00 

Sunflower meal 2.00 1.00 1.00 1.50 1.00 

Cotton seed meal 2.00 2.00 1.00 2.00 1.00 

Canola meal 2.00 1.00 1.00 1.00 1.00 

Rice polish 4.00 3.00 3.50 3.00 3.00 

Corn Gluten 60% 0.00 2.00 2.20 2.50 3.00 

Corn Gluten 30% 2.50 2.00 2.00 2.00 2.00 

Fish meal 4.00 4.00 4.00 4.00 4.00 

Guar meal 2.00 2.00 3.00 2.00 3.00 

Molasses 2.50 2.00 2.00 2.00 1.50 

Dicalcium phosphate 1.00 1.00 1.00 1.00 1.00 

Limestone 7.00 7.00 7.00 7.00 7.00 

 2Premix 1.00 1.00 1.00 1.00 1.00 

Nutrient Composition % 

ME Kcal/kg 2801 2800 2798 2798 2801 

Crude protein 17.01 17.08 17 17.01 16.99 

Crude fibre 5.62 5.59 5.55 5.61 5.63 

Ether extract 4.02 4.12 4.15 4.23 4.23 

Calcium 3.20 3.30 3.32 3.29 3.35 

Available phosphorus 0.52 0.53 0.49 0.53 0.51 

Lysine 1.2 1.16 1.11 1.09 1.17 

Methionine 0.71 0.63 0.66 0.71 0.72 

Price, Rs/kg       38.74    37.86     34.94    33.22      30.67 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 
2Provided per kilogram of diet: vitamin A 9900 IU; vitamin D3 3300 IU; 25-hydroxy 

vitamin D3 0.055 IU; vitamin E 22.1 IU; vitamin K (menadion) g 0.0033; thiamin g 

0.0022; riboflavin g 0.0066; niacin g 0.033; pantothenic acid g 0.011; pyridoxine 0.0044; 

biotin g 0.055; folic acid g 0.0009; cobalamine g 0.0221; choline g 0.11; manganese g 

0.088; zinc 0.088; iron g 0.055; copper g 0.011; iodine g 0.0017; selenium g 0.0003. 
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CHAPTER 4 

Effect of replacing dietary soybean meal with varying levels of dried 

distillery yeast sludge on gut health, immunity, histopathology and 

performance of layer starter chicks (0-8 weeks) 

4.1. Results 

4.1.1. Feed intake 

The highest feed consumption (1701 g) was recorded in birds fed C diet while 

lowest (1570g) was observed in birds fed diet DYS20 (Table 4). Increasing rate of DYS 

supplementation in layer starter diet decreased (P<0.05) FI. However, FI by birds fed C 

and DYS5 diets was similar (P>0.05). The maximum BWG was observed in birds fed C, 

DYS5 and DYS10 diets, while BWG was lowest in birds fed DYS20 diet (Table 4). The 

BWG decreased linearly with increasing dietary DYS level. 

4.1.2. Feed conversion ratio  

Dietary DYS influenced FCR in layer starter chicks. Better (P<0.05) FCR was 

observed in birds fed C diet, and the lowest FCR was observed in birds fed DYS20 diet 

(Table 4). Increasing dietary DYS resulted in poor FCR in layer starter chicks.  However, 

FCR in birds fed C, DYS5 and DYS10 diets remained unchanged (P>0.05). 

4.1.3. Mortality  

Higher mortality was recorded in birds fed C diet while it was the lowest in birds 

fed DYS15 diets (Table 4). Varying dietary DYS showed varying mortality, with birds 

fed C (4.16%) and DYS10 (3.30%) diets showed high mortality. 

4.1.4. Immunity 

Highest cumulative mean antibody titers were observed in birds fed C diet 

(146.87) followed by those fed DYS5 (143.44), DYS10 (141.84), DYS15 (112.61) and 

DYS20 (100.95) diets (Table 5). These results indicated that increasing dietary DYS 

reduced antibody titers during the layer starter phase against NDV. The results of 

antibody titer against AI revealed that maximum cumulative mean antibody titers were 

observed in birds fed C diet (82.54), followed by those birds fed DYS5 (78.85), DYS10 

(75.58), DYS15 (61.64) and DYS20 (53.21) diets (Table 6). The results depicted that 

increasing dietary DYS reduced antibody titers against AIV. 
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4.1.5. Gut health  

The highest Lactobacillus count in guts of layer chicks was observed by feeding C 

diet, and it was the lowest in birds fed DYS20 diet (Table 7). Increasing dietary DYS 

showed a decreasing trend in Lactobacillus count. 

4.1.6. Histopathology 

No histological alteration in liver cells was observed in birds fed C and DYS5 

diets (Fig 1) at the microscopic level. However, sinusoids were congested and dilated 

(white stars) and fat vacuoles were seen inside hepatocyte cytoplasm indicating fatty 

changes (Fig 2) in birds fed DYS10 diet. Moreover, intensity of changes increased in 

birds fed DYS15 and DYS20 diets. Microscopically no changes in kidneys were observed 

in birds fed C and DYS5 diets (Fig 3). However, hydropic degeneration of tubular 

epithelial kidney cells, sloughing of eosinophillic masses in tubular lumen and tubules 

were seen dilated in birds fed DYS10 diet (Fig 4). Tubular sloughing was enhanced in 

birds fed DYS15 and DYS20 diets. No histological changes were observed in the 

intestine of birds fed C and DYS5 diets (Fig 5). However, in DYS10 group villous tips in 

mucosal layer were broken and minimal changes were observed in this group. Necrotic 

changes in villus layer of intestinal mucosa along with leukocytic infiltration became 

apparent (Fig 6). However, histological abnormalities were pronounced in birds fed 

DYS15 and DYS20 diets. No histological abnormalities were observed in the hearts of 

layer starter chicks across all treatments.  

4.2. Discussion 

4.2.1. Feed Intake  

Birds consuming increasing dietary DYS showed reduced FI and this depression 

in FI might be due to increased pulverization of diets containing DYS (Rodrigiez et al., 

2014). Similar findings were reported by Pacheco et al. (2013) that finer feed particles 

depressed both FI and nutrient digestibility. This low intake was associated with the 

intestinal hypertrophy caused by bacterial fermentation which indirectly affected bird’s 

appetite (Rodrigiez et al., 2014). This reduced FI may also be linked with the presence of 

high nucleic acid and ash content because dietary DYS (Rodrigiez et al., 2014). The 

excess of dietary nucleic acid reduced the excretion rate of uric acid, leading to a possible 

metabolic disorder (Tuse, 1984; Oliva, 2001). Aghdamshahriar et al. (2006) reported 

reduced feed consumption as dietary yeast level increased. The results of the present 
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study were concordant with the findings of Rameshwari and Karthikeyan (2005) who 

reported reduced FI in birds fed diets containing higher levels of DYS in a 45 day trial 

period. Similarly, Rodrigiez et al. (2014) observed a reduced FI by birds fed higher yeast 

sludge (30%) as compared to low dietary yeast sludge (10 and 20%). 

On the other hand, Herria and Garcia (1983) reported that feeding yeast up to 7% 

by substituting SBM in broiler diet improved FI. Khan (2001) also observed increased 

(P<0.05) FI of birds fed raw DYS upto 6%, however, beyond this concentration, FI 

declined. Koc et al. (2010) found that supplementation of yeast significantly stimulated FI 

in meat birds. This improvement may be associated with the balanced microbial 

population in birds GIT. The higher FI was also observed at a dose of 0.15% MOS 

supplementation as compared to other levels (0.05 and 0.10%). Broilers ate 13.75% more 

feed when fed diets containing 8% washed DYS as compared to those fed diets 

containing 4% DYS. This increased FI on higher yeast supplementation may be due to the 

fact that DYS is rich in vitamins and oligosaccharides, all of which might have made diet 

more palatable (Sharif et al., 2012).  

4.2.2. Weight gain  

The growth rate of chicks was markedly depressed by feeding increasing dietary 

DYS. This depression in BWG may be due to the decreased voluntary FI. Rameshwari 

and Karthikeyan (2005) also observed reduction in BW of broilers fed increasing dietary 

DYS levels. The yeast sludge is rich in calcium which might lead stone formation and the 

presence of excess phenol and calcium may adversely affect intestinal absorption of 

phosphorus. Rodrigiez et al. (2014) reported reduced BWG in birds fed increased level of 

yeast sludge (30%). The reduced weight gain has also been observed in birds fed diets 

containing high doses (500ppm) of YCW when compared to those fed diets containing 

125, 250 and 375ppm of YCW. Ozorio et al. (2012) reported a linear decrease in BWG in 

broilers fed diets containing higher (15%) yeast level. However, Gao et al. (2008) found 

that 2.5g yeast per kg diet was the most effective dose in terms of producing best weight 

gain as compared to other higher doses (5.0 and 7.5 g/kg). The authors further explained 

that this higher gain on low yeast level might partly be attributed to reduced energy 

partitioning toward tissue turnover. 

4.2.3. Feed Conversion Ratio 

The FCR values of the current study were concordant to those noticed by Sharif et 

al. (2012) who reported better feed efficiency in broilers fed diets containing 4% DYS 
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than those fed diets containing 8% DYS. Al-Mansour et al. (2011) also reported 

improved feed efficiency in birds fed diets containing 1.25 gram yeast culture/kg feed 

when compared to those fed diets containing 1.5 gram yeast culture/kg feed. This 

improved performance of birds fed diet containing 1.25 gram yeast culture /kg feed when 

compared to those fed diets containing 1.5 gram/kg feed may partly be attributed to 

reduced energy partitioning toward tissue turnover. Rameshwari and Karthikeyan (2005) 

also reported poor FCR in broilers fed diets containing higher yeast sludge. Our results 

supported the findings of Ozorio et al. (2012) who reported a linear depression in FCR 

with increased dietary yeast. This might be due to the fact that yeast contains a lot of 

nucleic acids and non-starch polysaccharides which in high concentrations display anti 

nutritional properties. Ghally and El-Latif (2007) observed the best feed efficiency 

(P<0.05) in Japanese quail fed diet containing 2 % yeast. Similar incremental response 

regarding FCR was observed in growing Japanese quail when fed diets containing yeast 

(Zeweil, 1997). While assessing the yeast efficiency on broiler’s performance, Mujahid et 

al. (2012) observed that diet containing 2% yeast sludge posed beneficial effect on feed 

efficiency.  

4.2.4. Mortality  

The results of the present study supported the findings of El Iraqi and Fayed 

(2012) who reported higher incidences of mortality in broilers fed diets without yeast than 

those fed diets with yeast. This low mortality rate in yeast treated broilers might have 

enhanced their immune activity against pathogenic microbes (Dunham et al., 1993; Toms 

and Powrie, 2001; El Iraqi and Fayed 2012). Chand et al. (2014) also observed highest 

mortality in birds reared on yeast free diet when compared to yeast supplemented birds. 

Sharif et al. (2012) observed a gradual increase in percent survivability of broilers chicks 

fed higher level of washed DYS. This might be due to the increased phagocytic activity of 

neutrophils against harmful microbes which enhanced survival rate. This variation in 

livability might be due to the different types of yeast like dried, inactive and fermented 

yeast used (Chand et al., 2014). However, in contrast to results of present study, 

Rodrigiez et al. (2014) reported high mortality with the gradually increased 

supplementation of torula yeast in white leghorn layers. They further commented that 

increased mortality might be due to deleterious effects of high nucleic acid contents. 
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4.2.5. Gut health 

Hussnain and Soliman (2010) reported higher lactobacilli counts at a dose of 

0.8% live yeast. These bacteria ferment feed and produced lactic acid and form an acidic 

intestinal medium which limit growth of putrefactive and potentially harmful bacteria 

thus protecting the host from diseases (Servin, 2004; Li et al., 2104). The findings of the 

present study support the results of Gao et al. (2008) who reported that 2.5 gram yeast per 

kg feed was the most effective dietary concentration which yielded better villus to crypt 

ratios and this increased villus area improved gut health, enhancing nutrient digestibility. 

Santin et al. (2001) and Zhang et al. (2005) also recorded a positive role of 

supplementing yeast on gut health maturation. Li et al. (2014) not only observed higher 

concentrations of cecal lactobacilli in birds supplemented with probiotic, but they also 

showed better broiler chick growth. Our results were concordant with those of Chen et al. 

(2013) who reported that feed incorporated with yeast raised the amount of Lactobacillus 

and depressed E.coli population in intestinal segments of birds. Similarly, An et al. 

(2008) observed a low lactic acid bacteria count with the probiotic supplementation. 

However, in our study, reduction in Lactobacilli count in birds fed DYS15 and DYS20 

diets might be because of the presence of high nucleic acid and ash contents, causing an 

imbalance of favorable microbiota which resulted in poor nutrient absorption and reduced 

performance (Rodriguez et al., 2014). 

4.2.6. Immunity  

The birds fed DYS5 and DYS10 diets displayed effective immune response 

against NDV and AIV, indicating immune enhancing capability of DYS. Gao et al. 

(2008) also observed higher antibody titers against NDV in birds fed diets containing 

yeast culture. Yalcin et al. (2014) also noted that increased YCW supplementation 

elevated the antibody titers of 26 week old laying hen. Yalcin et al. (2013) observed 

greater antibody production in broilers when fed 2 and 3 gram yeast autosylate per kg 

feed. They further explained that this immune regulatory capability might be due to the 

collective effect of mannans, glucans and nucleotide present in yeast. However, low 

Gaometric mean antibody titers against NDV and AIV on higher inclusion of DYS 

decreased the digestibility and performance of birds fed DYS15 and DYS20 diets were 

reported by (Sharif et al., 2012). 
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4.2.7. Histopathology  

Histological degenerative changes in liver, kidney and lungs of layer starter chicks 

fed DYS10, DYS15 and DYS20 diets were noticed when compared to those fed C and 

DYS5 diets. However, heart did not exhibit any histological change. These degenerative 

changes might be due to the increased DYS’s mineral content, causing structural and 

functional abnormalities in these visceral organs. Ansar et al. (2004) also noticed lethal 

effects on color, shape, texture and size with haemorrhages in birds fed high calcium and 

low phosphorus diets. Glahn et al. (1988) reported detrimental changes in the kidney of 

birds fed high calcium diets.   

Table 4: Effect of varying dietary distillery yeast sludge on layer-starter chicks’ 

performance (0-8 weeks of age)  

 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error mean 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters Diet1 

 
C DYS5 DYS10 DYS15 DYS20 SE2 

Feed Intake (g) 1701a 1685a 1657ab 1605ab 1570b 38.7 

 

Weight gain (g) 
    614a 603a 588ab 536bc     501c 17.1 

FCR 2.77a 2.79a 2.82a 3.00ab 3.13b 0.08 

Mortality % 4.16 1.60 3.30 0.83 2.50 - 
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Table 5: Effect of varying dietary distillery yeast sludge on the post-vaccinal 

Gaometric mean titer (GMT) of layer-starter chicks’ against Newcastle 

disease virus (NDV) at various stages of production 

  1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery 

yeast sludge, respectively. 

CMT= Cumulative mean tite 

 

Table 6: Effect of varying dietary distillery yeast sludge on the post-vaccinal 

Gaometric mean titers (GMT) on layer-starter chicks’ against Avian Influenza virus 

(AIV) at various stages of production 

 
1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

CMT= Cumulative mean titer 

 

 

 

 

 

 

 

 

 

 
Diet1 

Age 

(weeks) 
C DYS5 DYS10 DYS15 DYS20 

2 60.41 57.02 50.79 40.31 40.31 

4 120.82 114.04 107.64 85.43 71.83 

6 181.01 181.02 170.86 143.67 120.81 

8 241.63 228.07 215.26 181.01 170.86 

 

CMT 146.87 143.44 141.84 112.61 100.95 

 
 

 
Diet1 

 
 

Age (weeks) 
C DYS5 DYS10 DYS15 DYS20 

2 30.20 30.204 30.204 23.97 22.62 

4 64.00 64.083 60.408 42.71 33.90 

6 95.89 85.430 76.109 67.80 67.80 

8 143.68 135.69 135.611 107.63 101.59 

 

CMT 82.54    78.85    75.58 61.64 53.21 
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Table 7: Effect of varying dietary distillery yeast sludge on layer-starter chicks’ 

Lactobacillus count (105 cfu/gram) of layer-starter chicks’ (0-8 weeks of age) 

 

Parameter Diet1 

 
      C DYS5 DYS10 DYS15 DYS20 

Lactobacillus 

Count     13.39a 12.37b 12.20b 9.27c    6.67d 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
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LIVER 

 

Figure 1: Photomirograph of control and DYS5 group liver of layer starter chicks, no 

histological  abnormalities were found (H&E; 400x) 
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LIVER 

     

Figure2: Photomicrograph of liver of layer starter chicks fed DYS10 diet. Sinusoid was 

seen congested and dilated (White stars). Fat vacuoles were seen inside hepatocyte 

cytoplasm indicating fatty change (Thin black arrows). (H&E; 400x). 
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KIDNEY 

Figure 3: Photomicrograph of control and DYS5 group kidney of layer starter chick. No histological 

alterations were present. (H&E 200x) 
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KIDNEY 

 

Figure: 4 Photomicrograph of kidney of layer starter chicks fed DYS10 diet. Hydropic 

degeneration is evident in tubular epithelial cells of kidney (Curved arrow). Sloughed out 

eosinophillic masses were also seen in tubular lumen. Tubules were seen dilated (White 

stars). (H&E; 400x). 
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INTESTINE 

 

Figure 5: Photomicrograph of intestine of layer starter chicks of control and DYS5 group 

having no histological alterations in all four layers. (H&E; 400x) 
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INTESTINE 

 

Figure: 6 Photomicrograph of intestine of layer starter chicks fed DYS10.Villous tips in 

mucosal layer were seen broken (Black double arrow). (H&E;400x) 
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Experiment 2   

Effect of replacing dietary soybean meal with varying levels of dried 

distillery yeast sludge on gut health, immunity, histopathology and 

performance of layer grower chicks 

4.3. Results  

4.3.1 Feed Intake 

The highest feed consumption was found in birds fed C (3248g) diet and the 

lowest (3108g) was observed in birds fed DYS20 diet (Table 8). In the layer grower phase 

increasing rate of DYS supplementation decreased feed consumption. However, FI by 

birds fed C and DYS5 diet remained unchanged (P>0.05). 

4.3.2. Weight gain  

Highest BWG (535g) was observed in birds fed C diet and it was the lowest in 

birds fed diets containing DYS20 (Table 8). The increasing rate of DYS supplementation 

in layer grower diet decreased BWG. However, the gain in weight by birds fed C, DYS5 

and DYS10 diets remained unchanged (P>0.05). 

4.3.3. Feed conversion ratio 

Better FCR was found for birds fed C (6.07), DYS5 (6.12) and DYS10 (6.16) 

while the poor FCR (6.46) was observed in birds supplemented with DYS20 (Table 8). 

However, FCR by birds fed C, DYS5 and DYS10 diets remained unchanged (P>0.05). 

The highest mortality (6%) was observed in birds fed DYS5 diet and it was the lowest in 

birds fed DYS10 and DYS20 diets (Table 8). 

4.3.4. Gut health  

Lactobacillus count was greatest in birds fed C diet, and it was lowest in birds fed 

DYS20 diet (Table 9).Increasing DYS supplementation in the layer grower diet reduced 

Lactobacillus count. However, the birds fed C and DYS5 diets remained non-significant 

(P>0.05).  

4.3.5. Immunity 

Highest cumulative mean antibody titers were observed in birds fed C (327.91) 

diet, followed by birds fed DYS5 (315.55), DYS10 (300.04), DYS15 (267.70) and 
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DYS20 (206.57) diets (Table 10). Gradually increased dietary DYS supplementation 

reduced antibody titers of the grower layer chicks against NDV. More cumulative mean 

antibody titers against AIV were observed in birds fed C (252.26) diet followed by those 

fed DYS5 (239.18), DYS10 (226.38), DYS15 (189.29) and DYS20 (165.46) diets, (Table 

11). Gradually increasing dietary DYS reduced antibody titers against AIV in layer 

grower chicks. 

4.3.6. Histopathology 

No histopathological changes were observed in layer grower chicks fed C and 

DYS5 diet (Fig 7). In the DYS10 dietary group, nuclei of some hepatocytes were 

pyknotic (thin black arrow). Mild vascular congestion alongwith their dilation was also 

seen. Mononuclear cells infiltration was seen in perivascular region (white star). Fat 

vacuoles were also seen in many hepatocytes. Individual hepatocytes have lost their 

nuclei (Fig 8). However, severe degenerative changes were seen in layer grower chicks 

fed DYS15 and DYS20 diets. No histopathological changes were observed in kidneys of 

layer grower chicks fed C and DYS5 diets (Fig 9). The hydropic degeneration is evident 

in tubular epithelial cells of kidney (curved arrow). Sloughed out eosinophillic masses 

were also seen in tubular lumen. Tubules were seen dilated (white stars) Fig (10). 

However, more severe changes were observed in birds fed DYS15 and DYS20. The 

intestine did not show any histopathological changes in layer grower chicks fed C and 

DYS5 diet (Fig 11). In DYS10 group, intestinal lumen was full of necrotic tissue debris, 

inflammatory cells masses (thick white double arrow). Villous surfaces were also 

undergoing degenerative changes (Fig 12). More degenerative changes were observed in 

birds fed DYS15 and DYS20.  

4.4. Discussion 

4.4.1. Feed intake 

 The findings of the current study were concordant with those reported by 

Rameshwari and Karthikeyan (2005), who reported a linear decrease in FI with gradually 

increasing dietary DYS in broiler diet. The decline in FI may be because of DYS’s higher 

nucleic acid and ash content, causing reduced nutrient retention, amino acid and energy in 

the diet (Rodrigiez et al., 2014). Moreover, excess dietary nucleic acid impairs the acid 

excretion, leading to a potential metabolic disorder (Tuse, 1984; Oliva, 2011). Similarly, 

Aghdamshahriar et al. (2006) reported depression in feed consumption with the increased 
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dietary yeast supplementation. The inclusion of 200 g/ton SC cell wall significantly 

increased FI as compared to a dose of 400g/ feed ton in broiler chicks (Lea et al., 2013). 

However, contrasting results were documented by Hassanein and Soliman (2010) and 

Kim et al. (2002) who found no significant difference in terms of FI with yeast fed 

chicks. On the other hand, Sharif et al. (2012) reported 13.75% higher FI with 8% 

supplementation of washed DYS. They further explained that the plausible reason for this 

increased feed consumption may be due to the fact that DYS is rich in vitamins and other 

growth factors, all of which contributed to enhanced feed palatability. Similarly, Nikpiran 

et al. (2013) observed that Japanese quail reared on basal diets supplemented with 

probiotic (2g/kg and prebiotic 1g/kg) consumed (1.27 and 0.85% ) more feed than the 

control group animal, respectively. 

4.4.2. Weight gain 

Findings of the current study supported results of Machalek et al. (1988) who 

observed that replacing SBM with equal amount of brewer’s yeast improved BWG. 

Moreover, a concentration of 0.2% SC cell walls increased BW of chicks (Santin et al., 

2001). Similar findings were also reported by Al-Mansoor et al. (2011). The present 

results are also in harmony with those reported by Saied et al. (2011) who explained that 

birds fed yeast grew faster with better BWG and carcass weight. Flower et al. (2015) 

observed a 15% increase in BW of broiler chicks fed MOS compared with other doses. In 

another trial, it was assessed that dietary inclusion of YCW exerted beneficial effects by 

attaining significantly higher (P<0·05) DWG on the growth of immunosuppressed broiler 

chicks (Zhang et al., 2012). Inclusion of both growth promoters (MOS and Enramycin) 

either alone or in combination slightly improved the BW up to 2% (Mohammad et al., 

2008). This incremental effect in growth may be due to better digestion and absorption of 

nutrients in the digestive tract via an indirect effect of yeast cells (Aluwong et al., 2013). 

Contrary to our findings, Rameshwari and Karthikeyan (2005) reported a marginal 

decline in broilers’ BWG when fed higher doses of DYS (10, 30, 50 and 70%). Similarly, 

Rodrigiez et al. (2014) observed reduced BWG by birds fed increased levels of yeast 

sludge (30%) as compared to low level of yeast (10 and 20%). Yeast sludge contains high 

calcium which can cause stone formation disorder. In addition to that, the presence of 

excess phenol and calcium can adversely affect phosphorus absorption (Rameshwari and 

Karthikeyan, 2005). 
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4.4.3. Feed conversion ratio 

The layer grower chicks fed C, DYS5 and DYS10 diet  were not different in terms 

of feed efficiency, however, FCR declined with increased DYS supplementation. Yalcin 

et al. (2014) also noticed an improvement (4.14, 4.73 and 4.73%) in feed efficiency of 

Ross broiler chicks fed a diet containing 1, 2 and 3g yeast per Kg feed. This improvement 

in feed efficiency may partly be attributed to better intestinal lumen health that favored 

improved nutrient retention (Yalcin et al., 2014). Gao et al. (2008) observed that 

supplementation of 2.5 g yeast culture per Kg feed enhanced feed utilization. This better 

performance on low yeast levels may partly be attributed to reduced energy partitioning 

toward tissue turnover. In addition to that this improved performance might be due to the 

greater villus to crypt ratio in birds fed diets containing 2.5g yeast culture per Kg feed. 

Chand et al. (2014) observed the best FCR at the highest level of yeast SCP 

supplementation by replacing SBM. The authors further noted that yeast possessed 

unidentified growth factors which stimulated villus structure and provoked nutrient 

absorption. 

On the other hand, Rameshwari and Karthikeyan (2005) observed decreased FCR 

with higher yeast sludge supplementation level. This reduced FCR might be due to 

antinutritional factors present in yeast sludge on higher inclusion level. Similarly, Paryad 

and Mahmodi (2008) noted improved FCR at a dose of 1.5% yeast, but above this level 

FCR significantly reduced. Interestingly, various other researchers found no significant 

effect of feeding yeast on feed conversion efficiency in birds (Yalcin et al., 2008; 

Yalcinkiya et al., 2008; Sacakeli et al., 2013).  

4.4.4. Mortality 

 Findings of the present study are supported the findings of Nikpiran et al. (2013), 

who observed non-significant effects of supplementing graded yeast level on the 

mortality of Japanese quails. This may be due to more appropriate management 

conditions during the trial period which showed no mortality. On the other hand, Mujahid 

et al. (2012) observed low survival rate in chicks reared on yeast free diets as compared 

to those reared on diets containing yeast, Similarly, El Iraqi and Fayed (2012) reported 

higher mortality in birds fed diets without yeast than those fed diets containing yeast. 

They further reported that this low mortality might be due to health promotional effects of 

yeast. By replacing SBM with yeast SCP in broilers, high mortality was observed in the 

control group as compared to yeast treated groups (Chand et al., 2014). The authors 

further described that yeast cells enriched birds’ health status by producing better gut 
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health and immunogenic response. Munyaka et al. (2012) observed no influence of yeast 

on the mortality rate in broiler chicks, however, a numerical difference was found 

depicting a reduced mortality in the birds fed yeast.  

4.4.5. Immunity  

The present study’s findings supported the results of Gao et al. (2008) who reported 

increased serum lysozyme antibody titers against viral diseases due to YC 

supplementation. This higher lysozyme concentration might have capability of breaking 

the polysaccharide wall of different bacteria types which thus granted shelter against 

diseases. Moreover, birds fed yeast products had higher antibody titers against NDV as 

compared to control group (Halder et al., 2011). Various other workers have also noted 

similar incremental effect of supplementing yeast derivatives on the antibody production 

against viral diseases. This might be due to the combined effect of mannans, glucans and 

nucleotides present in yeast (Gomez et al., 2009; Tohid et al., 2010). Yalcin et al. (2014) 

noted that increased YCW supplementation elevated the antibody titers of 26 week old 

laying hens. Furthermore, the immune function is beneficially modified by 

oligosaccharides in YCW, which bind viruses and act as adjuvant of vaccines to raise 

antibody titers of yeast fed birds (Newman, 1994). Similarly, Yalcin et al. (2013) 

observed greater antibody production in broilers when fed at 2 and 3 g yeast autosylate 

per Kg feed. They further explained that this immune regulatory capability might be due 

to the collective effect of mannan, glucan and nucleotide present in yeast. Gheisari and 

Kholeghipour (2006) reported that feeding powdery form of live yeast actively stimulated 

the immune response against NDV. An et al. (2008) reported a significantly higher 

antibody titer against IBV and NDV in the group of broiler chicks fed β-glucan.   

On the other hand, birds fed DYS15 and DYS20 diets exhibited loose droppings, 

which might be due to the high nucleic acid contents, mineral contents and stress factors. 

Further, this may also be attributed to corticosterone produced during stress which might 

have caused alterations in immune components (Shini et al., 2009). As DYS is rich in 

minerals and chicks reared on high mineral diets may led to retarded growth rate and 

suppressed immune response (Mariam et al., 2004; Okeke, 2015). 

4.4.6. Gut health 

The findings of present study were in accordance with results of Hussnain and 

Soliman (2010) who reported higher lactobacilli count at a dose of 0.8% live yeast than 



49 
 

other higher levels (1.2 and 1.6%). The lactobacilli produce lactic acid and form an acidic 

intestinal medium which limit the growth of putrefactive and potentially harmful bacteria, 

thus prevent the host from diseases (Servin, 2004; Li et al., 2104). In addition, An et al. 

(2008) observed a low lactic acid bacterial count with the increased probiotic 

supplementation. Our results agreed with the finding of Mountzouris et al. (2007) who 

reported that broilers supplemented with probiotics had more Lactobacillus spp. in ceca. 

The findings of current study supported the findings of Gao et al. (2008) who found that 

low yeast concentration was more effective in terms of yielding better villus to crypt 

ratio. This suggests that yeast may encourage immune response by generating more 

antibodies. The higher antibody mask the intestinal mucosal surface and safeguards from 

disease. Santin et al. (2001) and Zhang et al. (2005) recorded the positive role of 

supplementing yeast on gut health maturation. Edens et al. (1997) reported that 

supplementation of L. reuteri produced resulted in higher villus height, showing that 

probiotic was principally able to increase digestion and absorption of nutrients, hence 

improve growth. 

4.4.7. Histopathology  

Birds fed DYS10, DYS15 and DYS20 diets showed abnormal histological 

changes compared to those fed C and DYS5 diets. However, no histological change was 

observed in the heart of layer grower chicks. The dried DYS being rich in minerals might 

have caused structural and functional changes in kidney, lung and intestines of layer 

grower chicks. Our findings were in agreement with results reported by Haider (2010) 

who reported swollen liver and kidney of broiler chicks when supplemented with higher 

doses of DYS. However, the author did not observe any ill effect on visceral organs of 

broiler chicks fed diets containing low DYS levels.  
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Table 8: Effect of varying dietary distillery yeast sludge on layer-grower chicks’ 

performance (9-16 weeks of age)  

 

Parameters Diet1 

 
C DYS5 DYS10 DYS15 DYS20 SE 

Feed Intake (g) 3248a 3211ab 3183ab 3163ab 3108b 40.03 

 

Weight gain (g) 
535a 525a 517a 502ab 481b 10.72 

FCR 6.07a 6.12a 6.16a 6.30ab 6.46b 0.07 

Mortality %  5  6  4  5  4 - 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error mean 

 

Table 9: Effect of varying dietary distillery yeast sludge on Lactobacillus count 

(105cfu/gram) of layer-grower chicks’ (9-16 weeks of age)  
 

Parameters Diet1 

 
C DYS5 DYS10 DYS15 DYS20 SE2 

 

Lactobacillus 

Count 

   13.40a 13.37a 12.32b 8.57c    6.50d 0.144 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error mean 
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Table: 10 Effect of varying dietary distillery yeast sludge on the post-vaccinal 

Gaometric mean antibody (GMT) titers against Newcastle disease virus (NDV) 

at various stages of production of layer-grower chicks’ (9-16 week of age) 

 
1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

CMT stands for cumulative mean titer      

Table 11: Effect of varying dietary distillery yeast sludge on the post-vaccinal 

Gaometric mean antibody (GMT) titers against Avian Influenza virus (AIV) at 

various stages of production of layer-grower chicks’ (9-16 week of age) 

 
1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

CMT stands for cumulative mean titer 

     

 

 

 

 

Diet1 

Age (weeks) 
C DYS5 DYS10 DYS15 DYS20 

10 271.22 256.00 215.26 203.18 170.86 

12 287.35 271.22 256.00 228.07 181.01 

14 322.54 304.43 322.54    256.00 203.18 

16 430.53 430.53 406.37 383.56 271.22 

 

CMT 327.91 315.55 300.04 267.70 206.57 

Diet1 

Age (weeks) 
C DYS5 DYS10 DYS15 DYS20 

10 191.78 181.01 161.27 143.67 135.61 

12 241.63 215.26 215.26 161.26 152.21 

14 271.22 256.00 241.63 181.01 170.85 

16 304.43 304.43 287.35 271.22 203.18 

 

CMT 252.26 239.18 226.38 189.29 165.46 
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LIVER 

 

Figure 7: Photomirograph of control and DYS5 group liver of layer grower chicks, no 

histological abnormalities were found (H&E; 400x) 
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LIVER 

 

Figure 8: Photomicrograph DYS10 liver of layer grower chick. Sinusoids were seen 

congested and dilated (White stars). Fat vacuoles were seen inside hepatocyte cytoplasm 

indicates fatty change (Thin black arrows). (H&E; 400x) 
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KIDNEY 

 

Figure 9: Photomicrograph of kidney of control and DYS5 group of layer grower chick 

no histological alterations were present. (H&E 200x) 
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KIDNEY: 

 

Figure 10: Photomicrograph of DYS10 kidney of layer grower chick. Hydropic 

degeneration is evident in tubular epithelial cells of kidney (Curved arrow). Sloughed out 

eosinophillic masses were also seen in tubular lumen. Tubules were seen dilated (White 

stars). (H&E; 400x). 
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INTESTINE 

 

Figure 11: Photomicrograph of intestine of control and DYS5 group of layer grower chick 

having no histological alterations in all four layers. (H&E; 400x) 
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INTESTINE 

 

Figure 12: Photomicrograph of DYS10 intestine of layer grower chick.Villous tips in 

mucosal layer was seen broken (Black double arrow). (H&E; 400x). 
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Experiment 3 

Effect of replacing dietary soybean meal with varying levels of dried 

distillery yeast sludge on gut health, immunity, histopathology and 

performance of layer chicks 

4.5. Results 

4.5.1. Feed intake 

The FI between cage and floor system remained almost similar. The highest feed 

consumption was found in birds fed C diet in cage (11768g) and floor (11799g) while 

lowest FI was recorded in birds fed diets containing DYS20 in cage and floor system 

(Table 12 and 14). Increasing rate of DYS supplementation in laying diet decreased FI. 

However, FI by birds fed C, DYS5 and DYS10 diets remained statistically unaltered 

(P>0.05). Similarly, hens in DYS15 and DYS20 group showed similar (P>0.05) FI in 

both production sytems. 

4.5.2. Egg production  

More eggs per bird were produced by birds fed C diet in the cage (94) and floor 

systems (91), while egg production started to decrease with increasing DYS levels. Birds 

fed DYS diet laid a reduced number of eggs for both floor and cage production systems. 

Increasing rate of DYS supplementation in laying diet decreased total egg numbers in 

birds reared under both cage and floor production systems (Table 12 and 14). Total eggs 

produced by the birds fed C and DYS5 diet remained unaltered (P>0.05). Highest egg 

production was found in birds fed C diet and lowest was observed in birds fed diets 

containing DYS20 diet (Table 12 and 14). Laying hens fed gradually higher DYS 

decreased egg production rate in both production system. 

4.5.3. Feed conversion ratio 

The trend of FCR (either calculated per dozen of eggs or on the basis of egg mass) 

in layers fed diets supplemented with various DYS levels showed similar response wether 

they were placed in cages or on floor system. Better FCR was found in birds fed C diet 

and lowest was observed in birds fed diet DYS20 (Table 12 and 14). Increasing rate of 

DYS supplementation in laying hen diets resulted in poor FCR. The FCR of birds fed C 

and DYS5 remained unaltered (P>0.05). 
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4.5.4. Mortality  

Highest mortality was observed in birds fed DYS20 and it was the lowest in birds 

fed diet C. Increasing rate of DYS supplementation increased mortality rate in laying hen 

reared under cage and floor production system (Table 12 and 14). However, mortality rate 

in birds fed C and DYS5 diets remained unaltered as compared to other treatment group. 

However, by feeding DYS20 diet, mortality was higher (17.5%) in floor hens while it was 

15% in cage hens. 

4.5.5. Egg quality 

The egg weight was slightly higher in caged hens (62.31g) as compared to those 

placed on floor (60.27g) production system. However, the egg weight trend by feeding 

various levels of supplemental DYS remained similar on both production systems. The 

higher egg weight was recoreded in group of  birds fed DYS free diet while the lowest 

was observed in birds fed DYS20 diet reared under cage as well as floor production 

systems (Table 13 and 15). Egg weight showed decreased with increasing DYS 

supplementation. Similar to egg weight, weight of egg shell and its thickness was almost 

equal in both production systems.  The greatest egg shell weight and shell thickness was 

observed in birds fed diet C and they decreased with DYS supplementation. Egg shell 

weight in layer’s egg in the DYS20 group was lowest among all dietary treatments (Table 

13 and 15). Albumen height was greatest in hens fed C diet in cages (8.47 mm) and floor 

pens (8.35 mm), and it showed a decreasing trend from C diet to DYS20 diet. Albumen 

height value in birds fed DY20 diet was 6.77 mm in cage and 6.42 mm on floor 

productions. Higher haugh unit scores were observed in birds fed diet C  in both 

production systems, while the lowest was observed in birds fed diet DYS20  (Table 13 

and 15). Increased supplementation of DYS gradually lowered haugh unit score.  

4.5.6. Hematology and blood hormone profile 

The mean values of lymphocyte and RBCs count of layers reared under cage and 

floor production system was higher due to feeding C diet while a decreasing trend was 

observed with DYS20 (Table 17 and 18).  However, heterophil and WBCs showed 

contrary results. These values increased with increasing dietary DYS. All the 

hematological parameter showed slighty higher values in blood collected from caged hens 

as compared to those put on the floor (Table 17 and 18). The T3 and T4 hormones 

determined in cage and floor production system revealed that hormone values were 

almost equal in cage and floor birds. The T3 homone was present in highest concentration 
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(3.96 ng/ml) in birds fed DYS10 diet (Table 21). By increasing graded level of dietary 

DYS, T3 vlaues decreaed, however, lowest T3 value (3.88 ng/ml) was noticed in birds fed 

C diet. The T4 hormone results showed non-significant (P>0.05) results among all dietary 

treatments. Numerially higher T4 vlaues were observed in cage birds fed DYS10 diet 

(0.85 ng/ml) while in case of floor layers, DYS15 (0.80 ng/ml) diet resulted in higest 

value (Table 22). 

4.5.7. Gut health  

The highest (13.25 105cfu/gram) Lactobacillus count was observed in birds fed C 

diet and it was the lowest (5.87 105cfu/gram) in birds fed DYS20 diet (Table 16). 

Increasing dietary DYS reduced Lactobacillus production. 

4.5.8. Immunity  

The highest cumulative mean antibody titers (511.82) were observed in birds fed 

C diet followed in those fed DYS5 (486.63), DYS10 (472.61), DYS15 (395.05) and 

DYS20 (312.71) diets (Table 19). The results indicated that increasing dietary DYS 

reduced antibody titers during the layer phase against NDV. The results of antibody titer 

against AI revealed that maximum cumulative mean antibody titers were observed in the 

birds fed C diet (439.96) followed by those fed DYS5 (405.92), DYS10 (367.43), DYS15 

(317.50) and DYS20 (281.32) diets (Table 20). The results depicted that increasing 

dietary DYS reduced antibody titers against AIV. 

4.5.9. Histopathology 

The layers fed C and DYS5 diet showed no abnormal histopathological change in 

the liver (Fig 13). However, in DYS 10 treated group liver central vein was dilated along 

with congestion seen in lumen (White star). Hydropic degeneration is seen in many 

hepatocytes. Hepatic cords were disrupted (Fig 14). In addition severe degenerative 

changes were observed in the group of layers fed DYS15 and DYS20. No 

histopathological abnormalities in kidney were observed in layers fed DYS5 and C diet 

(Fig 15). Hydropic degeneration is evident in tubular epithelial cells of kidney (curved 

arrow). Sloughed out eosinophillic masses were also seen in tubular lumen. Tubules were 

seen dilated (White stars) (Fig 16). The intestine of layer chicks did not show any 

histopathological abnormality when fed C and DYS5 diet (Fig17). However, in DYS10 

group, intestinal lumen was full of necrotic tissue debris, inflammatory cells masses 

(thick white double arrow). Villous surfaces were also undergoing degenerative changes 
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(Fig 18). In the experimental group of layers fed DYS15 and DYS20 more ill effects were 

observed.  

4.5.10. Economic appraisal  

The gradual increase in dietary DYS reduced the feed cost per kg during the 

starter, grower and laying phases of production. The highest feed cost was observed in 

birds fed C diet and it was the lowestin birds fed DYS20 diet during all production phases 

(Table 23). 

4.6. Discussion 

4.6.1. Feed intake 

The increasing DYS concentration in layers’s diet reduced (P<0.05) feed 

consumption. These results were concordant with those reported by Hashim et al. (2013) 

who documented that FI increased with diet supplemented with 250 ppm YCW as 

compared to birds fed 500ppm YCW from 21-24 weeks. They also explained that higher 

FI may be linked with larger eggs produced. Moreover, our results supported the finding 

of Hassanein and Soliman (2010) who reported declined FI with 1.6% yeast 

supplementation. Yalcin et al. (2008) noted no significant effect of supplementing 2g 

yeast culture per Kg feed on feed consumption of 21 wks old lohmann brown laying hens. 

4.6.2. Egg production 

Total egg number increased in birds fed diets containing DYS supported the 

findings of Ayanwale et al. (2006) who reported higher egg number produced by 

supplementing 0.75% yeast in brown hypeco pullets. The decrease in total egg number 

with increased DYS supplementation might be due to the increased inorganic matter 

present in DYS which might have reduced total eggs produced. The supplementation of 

DYS increased egg production. Martinez et al. (2010) also reported that Isa Brown hens 

fed diets containing SC cell wall yielded more eggs (96%). The increment in egg 

production with low yeast level may be attributed to the antagonistic effect of yeast 

against intestinal pathogenic microflora which may cause mal-absorption of nutrients. 

Improved egg production was attributed to better intestinal health, leading to increased 

flow of nutrients towards circulation (Santin et al., 2001; Martinez et al., 2010).  

A decreasing trend in the egg production has also been documented by Hassanein 

and Soliman (2010) and Hewida et al. (2011) who reported significant decrease in egg 

production with increased yeast feeding. Moreover, higher inclusion of yeast has an 
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adverse effect on nutrient digestibility (Romashko, 1999; Hassanein and Soliman 2010). 

However, Sacakli et al. (2013) reported lack of any effect on egg production by hen fed 

diets containing yeast. Yalcin et al. (2008) reported that supplementation of yeast culture 

at a level of 2g in layer diet did not improved egg production. The low egg production in 

the laying hen fed higher DYS might be due to the poor digestibility of the DYS. 

 4.6.3. Feed conversion ratio 

Similar to our results, Hassan and Ragab (2007) reported that hens fed diets 

containing MOS improved FCR and caloric conversion ratio. The findings of present 

study are line with those reported by Hashim et al. (2013) who observed higher hen day 

egg production at low 250 ppm YCW level than of 500 ppm during the 2nd, 3rd and 4th 

period of production cycle. Various workers explaind that yeast improved egg production 

(Yalcin et al., 2010; Dhama et al., 2011; Gurbuz et al., 2011; Hashmi et al., 2013). 

Martinez et al. (2010) also reported that Isa Brown hens fed diets containing SC cell wall 

had better FCR (2.03). Our results support the findings of Fritts and Waldroup (2003) and 

Yalcinkaya et al. (2008), who observed that supplementation of YCW significantly, 

increased FCR during a trial period from 0-20 weeks on Turkeys. The increased 

supplementation of DYS 15 and DYS20 had poor FCR which might be attributed to poor 

nutrient digestibility. However, Hewida et al. (2011) used yeast in the diet of 52 weeks 

old Brown bovans layer and observed a poor FCR. 

4.6.4. Mortality 

Higher mortality rate with increased supplementation of DYS supported the 

findings of Rodrigiez et al. (2014) who reported higher mortality with gradually increased 

torula yeast supplementation in white leghorn layers. The increased mortality might be 

due to deleterious effects of high nucleic acid contents present in yeast. However, 

Nikpiran et al. (2013) observed no effect of supplementing graded yeast levels on the 

mortality rate of Japanese quails. This may be due to better management conditions 

during the trial period which showed no mortality (Nikpiran et al., 2013).   

4.6.5. Egg quality 

Liu et al. (2002) reported that hens treated with YC produced more heavy eggs. 

Khan et al. (2011) studied effects of probiotic on the performance of layers. The outcome 

of experiment showed that inclusion of probiotics to the basal diet increased (P<0.05) egg 

weight. Abdel-Azeem et al. (2005) reported that quail fed probiotic supplemented diet 

produced heavier eggs with better egg mass. Supplementation of different commercial 
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prebiotics, probiotics and synbiotics helped to produce heavier eggs with improved egg 

shell thickness (Zarei et al., 2011; Alloui et al., 2013). The DYS supplementation 

fortified egg shells of birds. Results of the present study are concordant to those reported 

by Ayanwale et al. (2006) who reported a significant increase in egg shell weight (7%) by 

feeding 0.75% yeast. Hashmi et al. (2013) also reported that during an early production 

cycle, egg shell weight was significantly improved.The low egg weight with increased 

DYS supplementation might be linked to the poor digestibility of feed fed to birds fed 

high DYS doses. 

Egg shell thickness was enhanced when birds were fed diets containing DYS. 

Similar findings were reported by Chumpawade et al. (2009) who noticed that cassava 

yeast supplementation enhanced egg shell thickness. Hashmi et al. (2013) also observed 

significant improvement in egg shell thicknessin with birds fed a diet containing 500 ppm 

yeast. Swain et al. (2011) reported that a dose of 1.5 or 2.0 g strengthened egg shell 

thickness. This could be due to the increased short chain fatty acid production in the 

intestine (Swiatkiewicz et al., 2014). Hassanein and Soliman (2010) reported that basal 

diet containing 0.8% yeast increased shell thickness. This egg shell structure fortifying 

ability of yeast was due to its stimulatory effects on calcium absorption and retention 

(Bradly and Savage, 1995; Hassanein and Soliman, 2010). However, decreased shell 

thickness in the layer diet supplemented with increased dietary DYS could be linked to its 

poor digestibility. 

The boosted egg albumen height and Haugh unit in layer fed dietary DYS were 

concordant with the findings of Arpasova et al. (2009) who found higher (P<0.05) egg 

albumen height in birds fed diets containing selenized yeast. Ozek (2012) observed that 

MOS supplementation increased (P<0.05) Haugh unit and albumen height during heat 

stress period. In another study, it was observed that layers fed diets containing 0.75% 

dried yeast produced eggs of better Haugh unit score (Ayanwale, 2006). However, Iqbal 

et al. (2015) observed no improvement in Haugh unit score and albumin index in 

Japanese quail when fed MOS containing diets. The reduced Haugh unit score and low 

albumen height might be associated with the increased mineralization due to heavy doses 

of DYS supplementation which created an imbalance in the nutrient absorption 

mechanism. 
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4.6.6. Hematology  

Supplementation of DYS increased RBC in this study and similar findings were 

reported by Sonone et al. (2011) who reported that total erythrocyte count was increased 

in birds fed MOS. Onwurah and Okejim, (2014) also reported that a dose of 1.5 g yeast 

increased RBC count in broiler chicks. Zhou et al. (2009) and Meng et al. (2010) reported 

that supplementation of chitooligosacchrides elevated the RBC level in broilers. As 

dietary yeast have positive correlation with RBC production and this synergy may be an 

additional mechanism of yeast on growth (Onifade et al., 1999; Paryad and Mahmoudi, 

2008).The reduced RBC with increased DYS supplementation might be due to the fact 

that DYS was rich in heavy metal and these heavy metals have the capability of altering 

serum biochemical parameters (Oner et al., 2008; Gabol et al., 2014).  

In the present study, the DYS supplementation significantly affected WBC 

concentration. Similar findings were reported by Line et al. (1997) and Al-Mansoor et al. 

(2011), who reported that yeast inclusion might improve immunity through WBCs 

reduction. In the group of layer having high WBC count supplemented with high DYS 

doses might be linked to DYS’s higher contents of heavy metals. Oner et al. (2008) and 

Gabol et al. (2014) reported that heavy metal had ability to modify biochemical 

parameters. Meng et al. (2010) observed higher WBC in hens fed a dose of 400mg 

chitooligosacchride. Furthermore, a concentration of 1.5 g YC reduced (p<0.05) WBC 

counts in avian species (Al-Mansoor et al., 2011). 

Our findings regarding DLC supported findings of Khan et al. (2011) who 

reported that probiotic supplementation increased lymphocyte number with a parallel low 

heterophil percentage and H:L ratio which indicated that test diet eliminated stress 

effects. The DYS contained high mineral content; due to this factor the heavy doses of 

DYS might have changed the biochemical profile of broiler chicks. 

4.6.7. Immunity   

The layers fed C, DYS5 and DYS10 diets produced better immune responses than 

other diets. Similar results were reported by An et al. (2009) who reported a swift and 

effective immune response in the broiler chicks given single-strain probiotics and β-

glucans. It was observed that inclusion of dietary β-glucans above 0.02% improved 

immunity in broilers (Chae et al., 2006). Lowyer et al. (2005) and Swiatkiwicz et al. 

(2014) also found a better immune response in male broiler chicks fed diets containing β-

glucans. Apart from this the authors noted that β-glucans addition protected the bird from 
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salmonella infection. Sohail et al. (2010) reported that supplementation of MOS showed 

higher (P<0.05) antibody titers against IBD and NDV. This protection may have been due 

to increased phagocytosis and exaggerated response of cytokine that raised 

immunoglobulobin level of bird (Gao et al., 2008; Sohail et al., 2010). Similarly, Tohid et 

al. (2010) reported increased antibody titers against AIV in vaccinated chicks following 

MOS supplementation. The low Gaometric mean antibody titers against NDV and AI on 

higher inclusion of DYS were related with poor digestibility and growth of birds having 

particular diet. This statement supported the conclusion of Sharif et al. (2012).  

4.6.8. Gut health  

Findings of the present study supported results of Hussnain and Soliman (2010) 

who observed a higher lactobacilli count in birds supplemented with yeast. These bacteria 

by fermenting feed produce lactic acid and show an acidic intestinal medium which 

control the growth of putrefactive and potentially harmful bacteria, thus prevent the host 

from diseases (Servin, 2004; Li et al., 2104). Gao et al. (2008) reported that concentration 

of 2.5g yeast per kg feed was the most effective dose in term of yielding better villus to 

crypt ratio. The increased villus area improved gut health which consequently increased 

nutrient digestibility. A positive role of supplementing yeast on gut health maturation has 

been recorded by Santin et al. (2001) and Zhang et al. (2005). Li et al. (2014) observed 

higher concentration of cecal lactobacilli in birds supplemented with probiotic. Moreover, 

a better growth of broiler chicks fed diets containing probiotic was noticed. Our findings 

were in line with those reported by Chen et al. (2013) who observed that feed 

incorporated with yeast raised the Lactobacillus concentration and mitigated E.coli 

population in intestinal segment of birds. The decrease in Lactobacilli count at a 

concentration of DYS15 and DYS20 in this study might be due to the presence of high 

nucleic acid and ash contents. This may have caused imbalance of favorable microbiota 

which showed poor nutrient absorption and reduced performance (Rodriguez et al., 

2014). 

4.6.9. Histopathology  

The layers fed DYS10, DYS15 and DYS20 diets posed abnormal histological 

changes in liver, kidney, and lungs as compared to layers fed C and DYS5 diet. It may be 

inferred that these degenerative changes might be due to the increased mineral content of 

DYS, which caused structural and functional abnormalities of visceral organs. It also 

indicated a dose dependent effect of DYS on body cells. Our results are in line with those 
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of Ansar et al. (2004) who observed deleterious effects on the color, shape, texture and 

size with haemorrhages due to high calcium and low phosphorus supplementation. 

Similarly, high calcium supplementation also posed detrimental effects on kidneys of 

chicks (Glahn et al., 1988). In another experiment with broiler chicks, higher 

supplementation of mucana bean meal (a non conventional protein source) manifested 

sever liver, splenic and renal complications (Iyayi et al., 2005). Moreover, using 5% 

chromium in diet posed sever histological abnormalities such as splitting of muscles, 

necrosis, pyknosis in the gizzard as compared to 2.5% level in quail chicks (Riaz et al., 

2006). The findings of present study supported the results of Haider , (2010) who reported 

that concentration of 10,15 and 20% DYS supplementation showed degenerative changes 

in the liver and kidney of broilers chicks; however, DYS utilization at lower level posed 

no ill effects.  

4.6.10. Blood hormone profile   

Concentration of growth hormone was measured with an idea that DYS may 

affect its vloume. Alouwong et al. (2013) reported different concentrations of thyroxine 

in broiler chicks fed various doses of probiotcis when compared with those fed C diet. 

Further, testing different levels of calcium iodate on thyroid metabolism, Eila et al. 

(2012) found no change in the concentration of T3 in broiler chicks. 

4.6.11. Feed cost 

              Decrease in feed price per kg might due to the fact that DYS was cheaper than 

SBM (Table 23). Our results are in line with the findings of Magalhaes et al. (2008) who 

reported 14.6% more profit by feeding yeast as compared to control diet. Furthermore, 

Rameshware and Khethyran, (2005) reported that adding DYS as alternative protein 

sources in poultry may reduce cost of production. Similarly, Sharif et al. (2012) also 

documented low production cost by replacing canola meal with washed DYS in birds. They 

also explained that reduced production costs might be due the fact that DYS was 50% 

cheaper than canola meal. 
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Table 12: Effect of varying dietary distillery yeast sludge on layer-chicks’ 

performance under cage production system (20-36 weeks of age) 

 

Parameters Diet1 

 
C DYS5 DYS10 DYS15 DYS20 SE 

 

Feed consumption 

(g)/bird 

11768a 11745a 11729a 11527b 11427b 33.85 

Total eggs/bird 94a 92a 83b 70c 61d 0.82 

Egg Production% 79a 77a 69b 59c 52d 0.69 

FCR/dozen eggs 1.49a 1.53a 1.70b 1.99c 2.23d 0.026 

FCR/Kg Egg mass 1.99 a 2.09a 2.38b 2.81c 3.23d 0.052 

Mortality % 0 0 2.5 5 15 - 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error of mean 
 

 

Table: 13 Effect of varying dietary distillery yeast sludge on egg quality of layer- 

chicks’ under cage production system (20-36 weeks of age) 

   

Parameters Diet 

 
C DYS5 DYS10 DYS15 DYS20 SE 

Average weight 

of egg (g) 
62.31a 60.97ab 59.58abc 58.83bc 57.71c 0.88 

Shell weight (g) 7.11a 6.66ab 6.22ab 5.98b 5.75b 0.30 

Shell thickness 

(mm) 
0.362a 0.343ab 0.324ab 0.312b 0.304b 0.014 

Albumen 

Height(mm) 
8.47a 8.12a 7.75ab 6.96b 6.77b 0.36 

Haugh unit score 91.2a 89.8ab 88.07abc 83.59bc 82.72c 2.07 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error of mean 
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Table: 14 Effect of varying dietary distillery yeast sludge on layer- chicks’ 

performance under floor production system (20-36 weeks of age) 

Parameters Diet 

 
C DYS5 DYS10 DYS15 DYS20 SE 

 

Feed 

consumption 

(g)/bird 

11799a 11782a 11771a 11584b 11458c 35.20 

Total eggs/bird 91a 88a 78b 66c 61d 0.76 

Egg Production% 76a 74a 65b 56c 51d 0.63 

FCR/dozen eggs 1.56a 1.59b 1.82c 2.09d 2.25e 0.02 

FCR/ Kg Egg 

mass 
2.15a 2.23b 2.59c 3.07d 3.36e 0.03 

Mortality % 0 2.5 5 7.5 17.5 - 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error of mean 
 

Table: 15 Effect of varying dietary distillery yeast sludge on egg quality of layer- 

chicks’ under floor production system (20-36 weeks of age) 

   

Parameters Diet1 

 
C DYS5 DYS10 DYS15 DYS20 SE 

Average weight 

of egg (g) 
60.27a 59.62ab 58.47b 56.81c 55.93c 0.50 

Shell weight (g) 7.02a 6.42ab 6.15bc 5.81bc 5.40c 0.26 

Shell thickness 

(mm) 
0.352a 0.336ab 0.323ab 0.302ab 0.294b 0.018 

Albumen 

Height(mm) 
8.35a 7.87a 7.52a 6.64b 6.42b 0.27 

Haugh unit score 90.47a 88.75a 87.11a 82.16b 80.96b 1.57 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error of mean 
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Table: 16 Effect of varying dietary distillery yeast sludge on Lactobacillus count 

(105cfu/gram) of layer- chicks’ cage production system (20-36 weeks of age) 

 

Parameters Diet 

 
C DYS5 DYS10 DYS15 DYS20 SE 

 

Lactobacillus 

Count 

  13.25a 12.87a 11.90b 7.65c     5.87d 0.166 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error of mean 
 

Table: 17 Effect of varying dietary distillery yeast sludge on hematology of layer- 

chicks’ reared under cage production system (20-36 weeks of age) 

  

Parameters Diet1 

 
C DYS5 DYS10 DYS15 DYS20 SE 

Red blood cells 

(106µL) 
2.61 2.50 2.35 2.25 2.21 0.21 

White blood 

cells (106µL) 
2.54a 2.58a 2.80ab 3.11b 3.13b 0.18 

Differentail 

Lymphocyte 

count (%) 

66.00a 61.00ab 57.00abc 50.00bc 45.00c 4.22 

Differentail 

Hetrophyll 

count (%) 

43.75 46.25  49.75  51.50  54.25  4.69 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error of mean 
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Table: 18 Effect of varying dietary distillery yeast sludge on hematology of layer- 

chicks’ reared under floor production system (20-36 weeks of age) 

      

Parameters Diet1 

 
C DYS5 DYS10 DYS15 DYS20 SE 

Red blood 

cells (106µL) 
2.57 2.41 2.31 2.20 2.12 0.23 

White blood 

cells (106µL) 
2.61a 2.65a 2.87ab 3.14b 3.18b 0.15 

Differentail 

Lmyphocyte 

count (%) 

63.75a 57.25ab 55.50ab 50.25bc 42.25c 4.01 

Differentail 

Hetrophyll 

count (%) 

40.50 44.25 49.00 50.25 51.25 5.26 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

Treatment means in a row with different super superscripts differ significantly (p<0.05). 
2SEM= Standard error of mean 
 

Table: 19 Effect of varying dietary distillery yeast sludge on the post-vaccinal 

Gaometric mean antibody (GMT) titers of layer- chicks’ against Newcastle disease at 

various stages of production under cage production system (20-36 weeks of age) 

 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

CMT Cumulative mean titer 

 
 

 
Diet1 

Age (weeks) 
C DYS5 DYS10 DYS15 DYS20 

18 456.14 456.14 430.54 383.57 304.44 

20 574.70 512.00 406.37 406.37 322.54 

22 645.08 542.45 542.45 483.26 383.57 

24 608.87 542.45 574.70 430.54 430.54 

26 574.70 574.70 645.08 430.54 383.57 

28 542.45 512.00 512.00 406.37 322.54 

30 512.00 483.26 483.26 383.57 322.54 

32 456.14 430.54 406.37 362.04 271.22 

34 406.37 406.37 383.57 341.72 215.27 

36 341.72 406.37 341.72 322.54 170.86 

CMT 511.82 486.63 472.61 395.05 312.71 
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Table: 20 Effect of varying dietary distillery yeast sludge on the post-vaccinal 

Gaometric mean antibody (GMT) titers of layer- chicks’ against Newcastle 

disease at various stages of production under cage production system (20-36 

weeks of age) 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

CMT Cumulative mean titer 

 

 

 
Diet1 

Age (weeks) 
C DYS5 DYS10 DYS15 DYS20 

18 430.54 406.37 362.04 362.04 287.35 

20 542.45 483.26 406.37 362.04 362.04 

22 574.00 512.00 430.54 430.54 383.57 

24 608.00 512.00 512.00 430.54 341.72 

26 512.00 456.00 456.14 341.72 322.54 

28 430.00 406.37 406.00 304.00 271.00 

30 383.57 383.57 322.54 271.22 271.22 

32 362.04 362.04 304.44 241.63 241.63 

34 341.72 322.54 271.22 228.07 170.86 

36 215.27 215.00 203.00 203.19 161.27 

CMT 439.96 405.92 367.43 317.50 281.32 

 Table: 21 Effect of varying distillery yeast sludge on serum tri-iodothyronine (T3 

ng/ml) and serum thyroxine (T4 ng/ml) of layer chicks reared under cage 

production system at the age of 36th week. 

 Diet1 

Parameter C DYS5 DYS10 DYS15 DYS20 

T3 3.88 3.85 3.96 3.65 3.49 

T4 0.72 0.77 0.85 0.80 0.78 
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Table: 22 Effect of varying distillery yeast sludge on serum tri-iodothyronine (T3 

ng/ml) and serum thyroxine (T4 ng/ml) of layer chicks reared under floor 

production system at the age of 36th week. 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Diet1 

Parameter C DYS5 DYS10 DYS15 DYS20 

T3 3.50 3.71 3.91 3.65 3.47 

T4 0.76 0.77 0.78 0.80 0.79 
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Table: 23 Effect of varying distillery yeast sludge on economics of feed cost 

(Rupees/kg) during starter grower and laying phases of production 

1C, DYS5, DYS10, DYS15 and DYS20 diets contain 0, 5, 10, 15 and 20% distillery yeast 

sludge, respectively. 

 

 

 
Diets1 

 
C DYS5 DYS10 DYS15 DYS20 

 (Starter 

phase) 41.46 38.86 36.26 33.69 31.06 

 (Grower 

phase) 40.51 37.55 34.84 32.69 30.12 

(Laying 

phase)          38.74           37.86          34.94          33.22           30.67 
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LIVER 

 

Figure 13: Photomicrograph of control and DYS5 group liver of layer chicks, no 

histological alteration were found (H&E; 400x) 
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LIVER 

 

Figure 14: Photomicrograph of DYS10 liver of layer chick. Sinusoids were seen 

congested and dilated (White stars). Fat vacuoles were seen inside hepatocyte cytoplasm 

indicates fatty change (Thin black arrows). (H&E; 400x) 
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KIDNEY 

 

Figure 15: Photomicrograph of kidney of layer chicks no histological alterations were 

present in control and DYS5 group. (H&E 200x). 
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KIDNEY 

 

Figure16: Photomicrograph of DYS10 kidney of layer chicks hydropic degeneration is 

evident in tubular epithelial cells of kidney (Curved arrow). Sloughed out eosinophillic 

masses were also seen in tubular lumen. Tubules were seen dilated (White stars). (H&E; 

400x). 
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INTESTINE 

 

Figure 17: Photomicrograph of control and DYS5 group intestine of layer chicks having 

no histological alterations in all four layers. (H&E; 400x) 
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INTESTINE 

 

Figure 18: Photomicrograph of DYS10 intestine of layer chicks.Villous tips in mucosal 

layer was seen broken (Black double arrow). (H&E; 400x).  
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CHAPTER 5 

SUMMARY 

This research project examined the influence of replacing dietary SBM with dried 

DYS on feed intake, gut health, immunity, histopathology and performance of layer 

chicks at starter, growing and laying stages. The project consisted of 3 independent trials 

i.e., starter phase (0-8 weeks), growing phase (9-16 weeks) and laying phase (17-36 

weeks).  

The 1st trial involved 600 day-old Hy-line (CV-22) layer chicks and it lasted for 8 

weeks. Birds were divided into 20 experimental units containing 30 chicks /replicate. 

These replicates were allotted to five isonitrogenous (CP 21%) and isocaloric (ME 2800 

kcal/kg) experimental diets. The control (C) diet was without dried DYS where as DYS5, 

DYS10, DYS15 and DYS 20 had 5, 10, 15 and 20% DYS. The FI, BWG and FCR was 

reduced (P<0.05) in birds fed diets containing increasing dietary DYS concentration.  

Lowest feed consumption (1570g) was observed in the birds fed DYS20 diet, whereas the 

maximum FI (1701g) was recorded in birds fed C diet. Highest weight gain (614g) was 

observed in birds fed C diet and minimum weight gain (501g) was observed in birds fed 

DYS20 diet. The poorest FCR (3.13) was recorded in birds fed DYS20 diet while the best 

FCR (2.77) was noticed in birds fed C diet, however, FCR of birds fed DYS5 (2.79) and 

DYS10 (2.82) diets remained unchanged (P>0.05). The highest mortality (4.16%) was 

noticed in birds fed DYS20 diet and it was the lowest in chicks fed DYS15 (0.83) diet. 

Inclusion of DYS exhibited significant effects on the lactobacillus count. The maximum 

value for lactobacillus count (13.39 105 cfu/gram) was observed in birds fed C diet and 

the lowest (6.67 105 cfu/gram) was observed in those fed DYS20 diet. The high gaometric 

mean antibody titer against NDV (146.87) and AIV (82.52) was noticed in birds fed C 

diet. The dietary DYS concentration also influenced the histopathology of visceral 

organs. The increased DYS supplementation produced severe degenerative changes in 

liver, kidney and lungs. 

In the 2nd trial, 500 growing layer chicks of 9 to 16 week of age were divided into 

20 experimental units containing 25 chicks/replicate. These replicates were allotted to 5 

isocaloric (ME 2700 Kcal/Kg) and isonitrogenous (CP 16%) experimental diets. The FI, 

BWG and FCR decreased with increasing dietary DYS concentration. The better (P<0.05) 

feed consumption (3248g), BWG (535g) and FCR (6.07)  were noticed in birds fed C diet 

but it was the lowest FI (3108g), BWG (481g) and poorest FCR (6.46) were noticed in 
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birds fed DYS20 diet; however, FCR in birds fed C, DYS5 and DYS10 diets remained 

unchanged (P>0.05).  However, no major difference regarding the mortality was recorded 

in birds fed C and DYS supplemented diets but the highest mortality rate (6%) was found 

in birds fed DYS5 diet while the lowest was observed in the birds fed DYS10 and DYS20 

diets. Diets containing dietary DYS exhibited their significant effect on the lactobacillus 

count. The highest lactobacillus count (13.40 105 cfu/gram) was observed in birds fed C 

diet and the lowest (6.50) was noticed in birds fed diet DYS20. The lowest gaometric 

mean antibody titers against NDV and AIV (206.57 and 165.46) was observed in birds 

fed DYS20 diet while these were the highest (327.91, 252.26) in birds fed C diet. The 

dietary incorporation of DYS exhibited its effect on the histopathology of visceral organs. 

Increased DYS supplementation had severe effects in liver, kidney and lungs. 

In the 3rd trial, 400 layers, 200 each on floor and in cage production systems were 

simulataneously used. These 200 layers for each system were divided into 20 

experimental units of 10 chicks/replicate; one group was housed on floor while the other 

was kept in cages. In both production systems, replicates were allotted to five isocaloric 

(ME 2800 Kcal/Kg) and isonitrogenous (CP 17%) experimental diets. The FI, egg 

production, FCR (dozen eggs and egg mass) and mortality was recorded in both 

production systems. In the cage production system, more feed consumption (11768g) was 

observed by birds fed C diet while the lowest was found in birds fed DYS20 diet 

(11427g). The birds fed C diet laid highest (94) per bird those fed DYS20 laid minimum 

(61) eggs per bird. The highest egg production was observed in birds fed C diet (79%) 

while it was the lowest (52%) in birds fed DYS20 diet. The best FCR (dozen eggs and 

egg mass) was recorded (1.49) in birds fed C diet while the poorest (2.23) was in birds fed 

DYS20 diet. The mortality was high in birds fed DYS20 diet (15%). The egg shell weight 

(7.11g), egg shell thickness (0.362 mm), albumen height (8.47mm) and haugh unit score 

(91.2)  were higher in birds fed C diet;however, lowest values for these parameters were 

recorded in birds fed diet DYS20 diet.  

Under floor production system, the maximum feed consumption (11799g), total 

eggs per bird (91), egg production (76%) were noticed in birds fed C diet whereas the 

lowest FI (11458g), total eggs (61) and egg production (51%) were recorded in birds fed 

DYS20 diet. The better FCR (dozen eggs and egg mass) was recorded in birds fed C diet 

while the poorest was observed in birds fed DYS20 diet. The increased dietary DYS 

increased mortality i.e. 17.5% in birds fed DYS20 diet. The heaviest egg weight (60.27g), 
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with heaviest egg shell (7.02g) along with thickest egg shell (0.352 mm), albumen height 

(8.35 mm) and Haugh unit score (90.47) were noticed in birds fed diet C while lowest 

values of these parmeters were observed in birds fed DYS20 diet. Incorporation of dietary 

DYS exhibited an effect (P<0.05) on lactobacillus count. The highest and the lowest 

values for lactobacillus count were observed in birds fed C and DYS20 diet, respectively. 

The lowest gaometric mean antibody titers (312.71, 281.32) against NDV and AI was 

observed in birds fed DYS20 diet while the highest (511.82, 439.96) was observed in 

birds fed C diet. The incorporation of DYS also exhibited significant effects on the 

histopathology of visceral organs. The increased DYS supplementation produced 

degenerative changes in the liver, kidney and lungs. 

Inclusion of DYS influenced the blood profile of layers reared under the cage 

production system. The highest RBC count (2.61 106µL) was observed in birds fed diet C 

while the lowest (2.21 106µL) was observed in birds fed DYS20 diet. A reduced (P<0.05) 

WBC (3.31106µL) was observed in birds fed DYS20 diet. Lymphocyte (45.00) and 

heterophil (54.25) counts were decreased in birds fed DYS20 diet, respectively. 

Layers kept on the floor production system showed altered blood profiles when 

fed DYS. The highest RBC (2.57 106µL) was observed in birds fed diet C while the 

lowest (2.12 106µL) was observed in birds fed DYS20 diet. The WBC (3.18106µL) and 

lymphocyte (42.25%) was most reduced (P<0.05) in birds fed DYS20 diet, whereas 

hetrophyll count increased (51.25%) in birds fed DYS20 diet. In both production systems 

no significant effect of DYS was observed on the T3 and T4 hormones. The cost of feed 

was reduced with increasing dietary DYS concentration. 

In conclusion, 10% dietary DYS on nitrogen equivalent basis replaced soybean 

meal in poultry diets with out any harmful effects. However, some more trials involving 

huge number of birds are suggested to be conducted before recommending the use of 

dried DYS in poultry diets to replace soybean on protein equivalent basis.  
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