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I 

 

Summary: 

        Zinc (Zn) is essential  nutritional element that is more  addition in  poultry 

diet. Probiotics are used to replenish the gastrointestinal flora and assist 

maintain a healthy digestive tract. This study aimed to enhances the gastro 

intestinal tract in broiler chickens to enhance performance and immunity state 

by increase intestinal villi area in the intestine and measuring minerals content 

in the pectoral muscle. 

     The experimental period was five weeks started from 23/1/2023 to 27/2/2023 

that carried out in private field. A total of 200 straight run one-day old broiler 

chicks Ross 308 were divided randomly to four equal groups of 50 chicks each 

group divided to two replicate contain 25 chicks. The control group (T1) fed 

basal diet without any additives, the second group (T2) fed on basal diet contain 

1.5 g/kg diet Zn, the third group (T3) fed on basal diet contain 1g/kg probiotic 

diet, the fourth group (T4) fed on  basal diet contain combination of Zn 1.5g/kg 

+ probiotic 1g/kg diet. Intestinal samples were collected at 35th days of the 

study by taking tissue sample from duodenum, jejunum and ileum to observe 

the morphological changes in the small intestinal. 

    The histological changes were showed in depth width and villus height 

enhancement of gut health status was showed in the combination group, 

significantly (P≤0.05) compare with the control group. The result  revealed that 

there was  significant increased (P≤ 0.05) in the mean body weight values, body 

weight gain, feed intake , feed conversion ratio and enhance in the carcass traits 

in the combination group as compare to the other groups. Likewise, the 

combination group showed significantly increased of antibody titers against 

Newcastle and infections Bursal (Gumboro disease) vaccines, also the 

combination group showed increase in  intestinal villi area , villi crypt and 

minerals contain in the pectoral muscle of broilers.  



 

II 

 

In summary, our work recommends that combination of Zn 1.5g/kg + probiotic 

1g/kg could be used in broiler chickens diet lead to enhance gut healthy by 

enhancing villi and crypt besides enhance performance and immunity.  
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Introduction 

         Gastrointestinal system has an essential role for the efficient conversion of 

feed into its basic components for optimal nutrient absorption. If gut health is 

enhance, digestion and nutrient absorption will be affected on bird performance 

and welfare will be compromised maintaining gut health in poultry that is 

essential to raising top performing birds. When properly managed, good gut 

health in poultry empowers birds to fight off disease (Ravindran and Abdollahi, 

2021).  

            Zinc (Zn) is the most commonly added trace mineral in broiler chickens' 

feeds and it is an essential nutritional trace element for all forms of life as it 

plays an important role in numerous biological processes (Nguyen et al, 2021). 

In broiler diets, zinc may be used either as organic zinc (e.g., Zn protein, Zn 

amino acid or Zn picolinate) or inorganic zinc (e.g., ZnCl2, ZnSO4, or ZnO) 

(Mwangi et al., 2017).  

          The bioavailability of organic zinc is higher than that of inorganic zinc. A 

number of researchers have used organic Zn (Kazemi et al., 2020 and Ma et al., 

2021). Also, its an essential dietary element that has a role in regulating the 

metabolic processes of amino acids and proteins in the intestinal tract of broiler 

chickens. The significance of zinc to the health and functioning of the 

gastrointestinal tract has been the subject of a great number of researches. It has 

been shown that a zinc deficiency has a deleterious effect on the integrity of gut 

health by increasing intestinal permeability (Lambert et al., 2004; Crane et al., 

2007; Li et al., 2015 and Grande et al., 2020).  

             Zinc increases villi length by product new cells that increase space of 

the intestine and increase absorption in the intestine (Ohashi and Fukada,  

2019). Broiler chickens that are zinc deficiency frequently exhibit evidence of 

stunted development, frizzled feathers , shortening and thickness of the long 
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bones with larger hocks. If the deficit has been present for a period of more than 

two weeks the indications associated with the deficiency may be corrected with 

timely therapy, however, if treatment is delayed, the chicks will most likely 

continue to be malformed (Naz et al., 2016). 

      Probiotics are live bacteria, fungus or yeasts that are used to replenish the 

gastrointestinal flora and assist maintain a healthy digestive tract. As a result, 

probiotics help chickens develop more effectively and have better overall 

health. As an alternative to the use of antibiotics and probiotics are increasingly 

being included into the diets of chickens (Al-Heck et al., 2020). The beneficial 

bacteria are protected from the harmful bacteria while the former are driven out 

by the probiotic's increased competitiveness, Bacitracin secretion is stimulated 

as a result. 

 In addition to improving overall health probiotics boost mucin production by 

stimulating goblet cells with lactic acid. A glycoprotein called mucin makes up 

the bulk of the mucous produced by epithelial cells. It has been shown that 

mucin may improve barrier function and increase competitive exclusion of 

harmful germs. This exclusion occurs by competition one of active species 

bacteria on receptor sites and available nutrients to reduce the growth of another 

species (Rolfe, 1991 and La et al., 2018).  

    The fermentation of indigestible carbohydrates by probiotics has the potential 

to bring the pH of the digestive tract down. Additionally, these bacteria boost 

the creation of short-chain fatty acids, which in turn function to improve the 

competitive exclusion of pathogens and to increase the production of 

immunoglobulins (Javanshir et al., 2021). 
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Aims of the study: 

       The current study aimed to study the effect of supplementation of zinc, 

Probiotics and their combination on productive performance and intestinal 

morphology of broiler chickens by estimation of:  

1. Productive performance (live body weight, weight gain, feed intake, feed 

conversation ratio). 

2.  Immune response against ND and IBD disease by using  ELISA 

technique. 

3. Carcass characteristics and minerals contents of pectoral muscle (Fe, Mg, 

Cu, Zn).  

4.  Intestine histology (villi height, crypt depth, villi Weight, villi area) of 

small intestine of broiler chickens. 

5. Histological study of mucin activity by using special stain (Alcian Blue). 



` 
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Literatures review  

 2.1. Zinc and its biological importance: 

       Zinc is an essential nutritional trace element for all forms of life as it plays 

an important role in numerous biological processes (Bonaventura et al., 2015). 

Zinc not only contributes to the synthesis, stability and catalytic activity of 

many proteins, but also influences nucleic acid metabolism and immunological 

responses (Skrajnowska and Bobrowska-Korczak,  2019). Moreover, zinc plays 

an important role in wound healing and in restoring the integrity of damaged 

tissues (Jahanian and Rasouli, 2015). Its also has antioxidant effects (Gammoh 

and Rink, 2017). Zinc ensures normal growth, health and fertility, development 

of bones, feathers and regulates appetite in broiler chickens (Kwiecien et al., 

2017). 

      Cellular zinc homeostasis is strictly regulated by uptake and elimination of 

zinc through specialized transporters and by sequestration of zinc by carrier 

proteins such as metallothioneins (Bonaventura et al., 2015). Even minor 

changes in zinc homeostasis can lead to clinical consequences which are most 

distinct in tissues with a high cell turnover such as the skin, the gastro-intestinal 

mucosa and the immune system. Due to the absence of a specialized zinc 

storage system, a daily intake of zinc through the diet is necessary to ensure the 

homeostasis that allows zinc to maintain and support its numerous functions 

(Bonaventura et al., 2015). 

2.1.1 Effect of zinc on growth performance of poultry: 

       In broiler diets, zinc may be used either as organic zinc (e.g., Zn protein, Zn 

amino acid, or Zn picolinate) or inorganic zinc (e.g., ZnCl2, ZnSO4, or ZnO). 

The recommended zinc level in broiler diets by the National Research Council 

(NRC) is 40 mg/kg of diet, which can be supplemented via inorganic or organic 

forms .On the other hand, broiler production in tropical countries is generally 

suboptimal as indicated by the poor growth performance, suppressed immune 
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function, respiratory disease incidence and high mortality rate (Mahmood et al., 

2023).   

Apparently, due to the high ambient temperature and relative humidity 

occurring in the regions, it has been reported that addition of zinc to the diet of 

broilers reared under heat stress improved the production performance and 

reduced the feed conversion ratio (Kuter et al., 2023). 

          There has been an increasing demand for broiler chickens' meat and 

therefore, rearing fast-growing and well-muscled broiler breeds is more 

profitable. However, the genetic selection of broilers for muscle deposition and 

growth rate has caused growth and bone mineralization abnormalities. During 

the short life of broiler chickens their skeletal system undergoes intensive 

growth. The proper function of the skeletal system plays an essential role in 

poultry production, because it not only provides structural support for the bird 

but it is also an important mineral source for metabolic needs (Yusof et al., 

2023). 

      In broiler chickens, Zn deficiency results in insufficient bone mineralization, 

skeletal malformation and reduction of weight gain (Mohd et al., 2023). In 

addition, Zn-deficient diets reduce egg production and hatchability in layers and 

breeders (Muttathettu and Anitha, 2023). Zinc is als essential for neurogenesis, 

synaptogenesis, neuronal growth and neurotransmission, it is stored in specific 

synaptic vesicles by a class of glutaminergic neurons and released as a neuro-

modulator in an activity-dependent manner (Meghrazi et al., 2017). 

2.1.2 Effect of zinc on immunity: 

    The immune response of broiler chickens may be modified by the level of 

zinc in the diet. Organic zinc supplementation has a positive effect on the 

immunological capacity of broilers by improving the levels of immunoglobulins 

IgA, IgM and IgG and may also improve the cellular response (Qu et al., 2023), 

however, for this type of response higher levels of supplementation may be 
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required from organic [120 mg/kg (0 to 3 wk) and or inorganic (80 ppm to 5 

wk)] (Gajula et al., 2011). 

      Zinc addition to broiler chickens diets did not affect the relative weight of 

lymphoid organs because zinc consumed by broilers was preferentially used to 

support the metabolic processes that support growth performance, whereas the 

use of zinc for the development of organs related to the immune system , zinc 

has an important role in the broiler immune system, which can be seen from the 

limited development of either lymphoid organs or the mature population of 

blood T lymphocytes when zinc deficiency occurs in broiler chickens                        

(Mohammadi et al., 2015). In broiler chickens, zinc-deficient birds have 

characteristic microscopic lesions in their lymphoid organs (Hidayat et al., 

2020). 

     Lymphoid organs are part of the structure and function of the immune 

system in broilers that can protect the body from attack by microorganisms. 

Zinc is known to have an important role in the immune system of the animal 

because it is needed in the function, structure and development of the immune 

system (Mitra et al., 2022). 

2.1.3 Effect of zinc on gut health status: 

         Zinc administrating to broiler chicken showed an increasing villus height, 

crypt depth and villus height to crypt depth ratio (Qu et al., 2023).  

         Zinc is essential for cell proliferation and differentiation, particularly the 

regulation of DNA synthesis and mitosis division (Rizvi, 2022). Zinc deficiency 

is also associated with a decrease in the villus height (Kadhim, 2022). On the 

other hand, 42-day-old broiler chickens treated with(Zinc Glycogen) Zn-Gly (90 

mg/kg) showed an increase in their villus height. Average villi surface area of 

the duodenum has shown a similar pattern and Zn supplementation can affect 

the villi height and surface (Levkut et al., 2017).   
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The used organic sources of Zn in poultry diets are more absorbed compared 

with the inorganic sources. The difference in Zn absorption between organic 

and inorganic sources can affect the growth of intestinal villi (Levkut et al., 

2017). Movement of cells from crypts to the villus tip is the cause of renewing, 

which makes them ready for absorption. Length in crescent of villus is 

associated with enzyme increscent suitable for digestion and absorption, which 

is caused by supplements with ZnAA( Bourgin et al., 2021). 

 

Figure (2-1): Effect of zinc on poultry body (Hassan et al., 2020). 

2.2. Probiotic: 

           Probiotic is a living bacteria that when consumed by the host in sufficient 

quantities, is beneficial to the host's health. Lactic acid bacteria and bifid 

bacteria are two of the most common probiotic strains (Kimoto‐Nira, 2018). Its 

metabolism is slowed down so that it may survive in harsh conditions like high 

or low pH and very high or very low temperatures. The effects of these 

microorganisms on the host include a decrease in intestinal pH due to acid 
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production, an increase in intestinal antioxidant capacity, stimulation of the gut-

associated immune system and stimulation of intestinal intraepithelial 

lymphocytes (Huang et al., 2017).  

 At low levels of impact in diets antibiotic have been proven in the farm animals 

for enhancement growth performance due to the emergence of microbes used to 

treat infections in animals and humans that is resistant to antibiotics (Santovito 

et al., 2018). 

       There are a number of different possible mechanisms which probiotics 

work on that include maintaining protective gut mucin, selecting beneficial 

intestinal organisms or its prevent growth of pathogenic bacteria, improving 

nutrient uptake, modifying the pH of the gut, improving acid formation and 

increasing the humeral immune response (Alam et al., 2022). Probiotics may 

modify the immune system and the microbiota of the digestive tract by reducing 

pathogen colonization, Research on people and on animals have been carried 

out with the purpose of determining the ability of probiotics to alter the amount 

and kind of micro flora that are found in the digestive system (Jiang et al., 2022 

and Nezamdoost-Sani et al., 2023). 

       Studies that have shown a beneficial response in broiler chickens when 

given dietary supplements including probiotics and organic acids showed there 

was a discernible increase in both body weight growth and feed consumption in 

broiler chicks that were given probiotics on a regular basis diet (Angelakis, 

2017).  Different mechanisms concerning to antagonistic effect on various 

microorganism include strengthening of the gut epithelial, barrier and 

modulation of the immune system, competitive adherence to the mucosa and 

epithelium and secretion of antimicrobial substances.  

It is likely that the mechanisms implied the beneficial effect of probiotics is to 

be multifactorial (Bahaddad et al., 2023). Probiotics has been shown to alleviate 

lactose intolerance (Oak and Jha., 2019). As well as having anti-colorectal 
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cancer activities (An et al., 2019), preventing inflammatory bowel disease 

(Mishra et al., 2022), suppressing diarrhea (Ferguson and Taylor, 2022), and 

reducing irritable bowel symptomatology (Xu et al., 2022). Because the 

influence of the probiotic effect tends to be strain specific, broad statements 

about the possible health advantages of probiotics shouldn't be made.  

Therefore, the health advantages that are associated with one strain may not 

necessarily apply to another strain, even if they are associated with the same 

species. 

2.2.1 Type of probiotic: 

        It is possible to categorize probiotics based on their availability, since they 

are multiple commercial varieties, modes of action and various metabolic 

activities. They come in many different forms depending to their aptitude for 

colonization the gut (McClements and McClements., 2019).  Bacillus and 

saccharomyces cerevisiae are two examples of free, non-colonizing species that 

may be used as probiotics. Other examples of probiotics include colonizing 

species such as lactobacillus, enterococcus, and streptococcus (Goodman-Davis 

et al., 2021) . 

      The microorganisms should be resisted to the bile , pancreatic juices and 

hydrochloric acid, stimulate immune system that have anti-carcinogenic 

activities able to survive both alkaline condition in duodenum and acidic 

condition of the stomach (Sangamesh et al., 2022). 

     There are two distinct populations of microorganisms that may be discovered 

living inside the gastrointestinal tract of chickens. The first type of bacteria is 

called autochthonous bacteria, and they colonize the gut naturally from the 

environment as a result of feeding behavior or other activities. The second type 

of bacteria is exogenous in nature, and they are introduced as a dietary 

supplement into the gastrointestinal tract as direct feed microbial (DFM) or 
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probiotics. All octhonous bacteria are the name given to these specific types of 

bacteria (Aruwa et al., 2021). 

 Lactobacillus species can develop in an acidic intestinal environment. Thus, the 

putrefactive and possibly pathogenic organism that was living in the intestine 

will be stunted in the intestine due to the fact that it was compose in an acidic 

environment in the intestine (Bhadra and Banerjee, 2020).    

        In addition Bacillus species are able to secrete enzymes that have been 

linked to colonization, antibiotic action, and immunological activation. These 

enzymes include amylase, protease, and lipase. As well as this saccharomycetes 

play a vital role in the creation of amino acids and vitamins (Neveling and 

Dicks, 2021). Probiotics: an antibiotic replacement strategy for healthy broilers 

and productive rearing. As a kind of probiotic, bifido bacteria are beneficial for 

preventing infections and inflammatory bowel disease, in addition to exerting 

anti-allergenic characteristics on the immune system (García-Burgos et al., 

2020). 

     The beneficial properties of a good probiotic include being non-toxic and 

non-pathogenic, as well as being better capable of fighting off harmful elements 

of the gastrointestinal tract's environment. In addition to this, they need to be 

able to cling to the intestinal epithelium while still being compatible with other 

feed additives (Ashraf et al., 2022). 

2.2.2 Mode of action of probiotic: 

      The probiotic efficacy has been increased through the use of a number of 

different methods and mechanisms. The probiotic efficacy effect is primarily 

determined by the interactions between the microorganisms of the host and the 

probiotics mechanism with immune competent cell to the intestinal mucosa 

(Mazziotta et al., 2023). 

    The traditional mode of action of using bacteria as probiotics is described as 

the following: competition at the connected site, also known as "competitive 

exclusion," in which the probiotic bacteria are connected to the bound site, 
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thereby creating a physical barrier and obstructing the bound in the intestinal 

mucosa. Additionally, it will produce antibacterial substances. Compounds that 

are produced by probiotic bacteria and have an antimicrobial effect on 

pathogenic bacteria are known as bacteriocins and hydrogen peroxide, (Freitas 

et al., 2023). 

      Some effect result from prevention pathogen establishment and modulation 

of resident intestinal flora. While other effect result in direct interactions with 

immune system and host epithelial. In addition stimulation microorganism to 

modify the gastrointestinal environment to prefer health status and feed 

efficiency improving (Palkovicsné Pézsa, 2023). 

     Probiotic actions may stimulate immune system because of ability of 

creation a natural barrier thought adhesion to the intestinal mucosa and prevent 

growth of pathogenic bacteria and this enhancing immunity (Rawal and Ali., 

2023). Another mode of action may be production of antimicrobial compounds 

like organic acid and bacteriocins to nutrition competition with pathogens 

(Chouraddi et al., 2023).  

Another mechanism that improves efficiency of feed conversion involve 

enhancement of anaerobic nonpathogenic facultative growth and alteration in 

intestinal flora, enhancement of digestion and nutrient utilization with growth 

depression of intestinal pathogen resulting from lactic acid and hydrogen 

peroxide activity which form by gram positive bacteria (Ngunyangi , 2019). 
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Figure (2-2): Major mechanisms of action of probiotics (Bermudez-Brito et al., 2012). 

 

2.2.3 Importance of probiotic: 

       Animal nutrition researchers found a special attention by using traditional 

growth promoters (antibiotics), therefore the supplement probiotics strains using 

diets fed is discovered more as an alternative antibiotic that have been showed 

the positive effect in animal production and many scientific works in chicken, 

fish, turkey and other animals ( Alagawany et al., 2018). 

       Probiotics bacteria have been used as growth promoters in poultry and 

livestock feed for increasing feed conversation efficiency improve immune 

responses and improve growth performance. Probiotics have ability to fight 

against infectious agents and other stress factors by stimulating the immune 

system in birds and animals (Patel and Katole,  2023). 
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      Probiotics bacteria have offering digestible proteins, enzyme, vitamins and 

co-factors as live enzyme factory (Protease, amylase, lipase) which help 

improving digestion, metabolism and utilization of nutrients for enhancing 

absorption and digestion of carbohydrates, protein and fats lead to increase feed 

conversion efficiency. Another hand, helps in synthesis of vitamins (Biotin, B1, 

B2, and K) and mineral metabolism which responsible for growth properties 

and metabolism (Li et al., 2023). 

      Probiotic bacteria have been reported to protect the host from any pathogen 

and stimulation of intestinal immune responses when added in feed to produce 

of antimicrobial compound (organic acid and bacteriocins) (Tseng, 2023). The 

advantages of probiotics which increase growth rate and improve productivity 

have been reported enhance digestibility and utilization of nutrients, reduce 

stress after transportation, stimulation of immune responses, inhibition of 

organism and antibiotics therapy of vaccination (Jha et al., 2020). 

 Improvement in feed conversation ratio in animals receiving probiotics up to 

twenty-one days old and irrespective compared in composition with the group 

without any addition have been establishment by (Mansilla et al.,  2022). 

       Probiotics bacteria compete for attachment a proliferation the 

microorganism inside the gut mucosa. Thus, beneficial bacteria will prevent the 

pathogens acquiring foundation in the gut mucosa by rapid colonization . The 

competition for nutrients resulting in release of antibacterial substances 

(primary and secondary metabolites) is driving for inhibiting and exclusion of 

the pathogens (Li et al.,  2019). 

      Useful effects of probiotics will rely on various factors including level of 

consumption, physiological condition of the individual, strains chosen and 

duration and frequency of exposure. The efficiency or inefficiency of probiotics 

products may be associated to its composition of microbial species and their 

livability, bird age, feed composition, method and frequency of application, 

hygiene  facilities and environment stress factors (Tabashsum,  2023). 
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      Some studies observed that probiotics improved the growth performance as 

efficient as antibiotic growth supporter compared with non-supplement diets. 

Adding probiotics obtained results are incompatible and spotlight on the 

importance of its evaluating administration level have been investigated for 

maximizing efficiency of broiler diet (Ortega et al., 2022). 

 

 

Figure (2-3):  effect of probiotic on the poultry intestine (Khalique et al.,2020) 

2.2.4 Effect of probiotic on the chicken body: 

2.2.4.1 Effect of probiotic on growth performance: 

       Production attribute are beneficial for economic performance monitoring 

and for evaluating of animal health. The effect of probiotics as alternatives 

substances when it was added to broiler feed may depend on the breeding 

system to generate differences in the hygienic conditions for growth promoter. 

Broiler supplement with probiotics were significantly higher in live body weight 

gain and carcass yield (Roy and Ray, 2023). other study ,found that laying hen 



Chapter Two…………………………………………………………  Literatures Review 

15 

 

which were probiotics supplement lowered feed cost and improve egg size(Xu 

et al., 2023).  

 Adding probiotics have been discovered to enhance feed conversion, improve 

the immune system and growth performance of birds by effects on intestinal 

function and morphology and resistance to enteric pathogens in animal’s diets 

(Bajagai et al., 2023).  

        The probiotics have positive effect for improving digestion, absorption, 

increase digestive and increase an intestinal activities result from availability of 

nutrients. The measurements of weight gain have shown variable results. Also, 

renowned a dose-dependent response in poultry receive probiotics 

(Lokapirnasari et al., 2019). In addition, Improvement in digestibility and 

availability of many nutrients such as fats, carbohydrate, some mineral and 

protein lead to increase body weight gain have been reported in chicks fed 

probiotics.  Its enhance the effect of endogenous enzyme that one of many of 

the beneficial bacteria naturally produce within gastrointestinal tract (Onrust et 

al., 2015).  

        Effect probiotics to stimulate the growth of useful micro flora more 

desirable balance of bacterium population in small and large intestine. Because 

of that probiotics naturally rich sources of minerals, vitamin B- complex and 

protein is ascribed to the growth improvement especially saccharomyces 

cerevisiae (Piccioni et al., 2023). Due to improving efficiency of protein ration 

and/or nitrogen utilization effect of probiotic bacteria and improve growth 

performance in broiler lead to greater feed conversion efficiency and better 

physiological activities in animals (Suthama et al.,2023). 

       In addition, there are many advantages of probiotics bacteria such as broke 

down the hydrocarbon which is the most basic elements that are separated and 

allowed total absorption in digestive system. Also, growth promotion of 

animals, as well as majority increase inclusion nutrition and enhance rapid 

cellular growth and development have been discovered by (Plazy, 2022). 
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Figure (2-4): The mode of probiotic actions in poultry (Suresh et al. 2020) 

2.2.4.2 Effect of probiotics on immunity: 

       Probiotics are mainly used in competitive exclusion of pathogenic bacteria 

as Escherichia coli, Salmonella and Clostridium per fringes to prevent digestive 

disorders in diet of birds. Bacteriocins is an antimicrobial secretion that 

stimulate of immune response and provide maintenance of intestine 

(Chowdhury et al., 2023). Probiotics immune modulatory activities able to 

fortify intestinal flora micro and improve digestion and nutrient absorption 

efficiency resulting in growth promotion and feed conversion ratio in the broiler 

chicken (Ismail et al., 2023).   

           The probiotics have been suggested to stimulate of immune system 

resulting in increase of Y-interferon production, higher production of 

immunoglobulin and stimulation macrophage and lymphocyte activity (Zhang 

et al., 2023). Its effect strives many cell types including the adaptive and innate 

response such as dendritic cells, B- cell, epithelial cells, 

monocytes/macrophage, NK cells T-cell, involving T-cells with regulatory 

properties (Ryan et al., 2023).  

       The advantages of probiotics are based on two principle functions 

inhibition the growth of pathogenic bacteria and stimulation the growth of 
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beneficial flora micro. Using of probiotics exerts in potential health benefits 

result in stimulation of gastrointestinal immunity, increased natural resistance to 

enteric disease and improved digestion (Piccioni et al., 2023). 

       Also probiotics can help in feeding digestion by releasing some enzymes 

which can completely eliminate the pathogenic bacteria and build up beneficial 

bacteria flora in intestine. 

 Probiotic has been suggested positive effect on immune system by enhance 

production immunoglobulin, natural interferon and stimulation of cell mediated 

immunity. It plays important role for enhancing the three primary defense 

system in body defenses against pathogens (the intestinal microbiota) as 

regeneration immune function and epithelial cells (Al-Mahmud et al., 2023). 

The inhibitory action of probiotics applies on production of primary and 

secondary metabolite (antibacterial substances), competition of nutrients and 

stimulation of immunity (Butt,  2023).  

It has been demonstrated that there are three different pathways of immune 

system for enhancing macrophage activity that probiotic  increases the ability of 

intestinal microbiota, increased resistance to infection and increased production 

of antibodies as immunoglobulin G and M. Some probiotics can enhance 

resistance to microbial pathogens by stimulate a protective immune response 

(Obianwuna et al., 2023). 

        Intestinal bacteria are a major source of antigenic material that stimulate of 

gut development and have intense effect on the immune development of 

gastrointestinal which associated with production of immunoglobulin A, 

lymphoid tissue and payer’s patches, and production of antimicrobial peptide . 

Lactic acid producing bacteria has been indicated enhanced macrophage activity 

(Cheng et al., 2023). 

        Probiotics may have indirect effect to change the microbial population of 

the gastrointestinal tract lumen, moreover, it stimulate immune cells to secrete 
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cytokine. Lactobacillus and Bifid bacterium gram positive bacteria as probiotics 

that will improve immune response (Alchalaby and AL-Abed, 2023). 

    Probiotics are enhancing mucosal barrier via stimulating innate immune 

activity associated with secretion of immunoglobulin A, phagocytosis and 

increase natural killer cell activity, as well as it has been indicated stimulating 

the anti-inflammatory effect (Rawal and Ali, 2023). Probiotics fed supplement 

have been observed higher antibody titer against Newcastle and Infectious 

Bursal disease during the period three to thirty-five days of age in broiler 

chicken (Abed et al., 2018). 

         Probiotic could help relieved the immune response in birds against 

secondary infection that observed during immune suppressive condition or viral 

disease (Adhikari et al., 2020). Probiotics have been considered to lower 

pathogenic microbes to help preventing various infectious agent involve 

bacterial, protozoan, viral, fungal, also enhance the resistance of birds and 

protect against the negative growth effect (Yadav et al., 2016). 

 

Figure (2-5):  Probiotics reduce colonization of pathogens through competitive exclusion (CE) and 

enhance immune response (Rajput et al., 2020). 
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3.1 Experiment design: 

      This study was carried out in a private hall. Chicks were obtained from 

commercial hatchery . A total of 200 straight run one-day broiler chicks Ross 

308 were divided randomly to four groups (50 chicks) per group each group sup 

divided to two replicate each replicate contain (25)chicks . The control group 

(CON)(T1) fed basal diet without any additives. The second group (T2) fed on 

basal diet contain 1.5 g/kg Zn. The third group (T3) fed on basal diet contain 

1g/kg probiotic. The fourth group (T4) fed on basal diet contain combination of 

Zn 1.5g/kg + probiotic 1g/kg. Zn was used from the company ZINPRO. 

     This experimental period was five weeks started from 23/1/2023 to 

27/2/2023 carried out in Albudayr private hall.  The weight of chicken and 

consumed fed were acquired at the end of every week. After the end of the 

experiment the chicken were sacrifice and sample of blood serum, pectoral 

muscle and intestine sample were acquired  and carcass characteristic. 

3.2 Preparation of poultry farm:   

       After cleaning the walls, ceiling and floor by clean water and disinfectant 

(sodium hypochlorite). All windows were opened and all ventilation was 

switched for ensuring removal of toxic gases completely before chick’s 

admittance, all waterers and feeders were cleaned and disinfectant and then 

distributed to the groups. All the groups were provided with suitable litter 

(wood sawdust), lighting and ventilation were controlled according to 

recommendation. All chicks were reared according to Aviagen guide (Aviagen, 

2014). 
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3.3 Vaccination programs:  

      There is no drug therapy used on the day of hatch. All birds were vaccinated 

with commercial Newcastle Disease (ND) and Infectious Bronchitis Disease 

(IB) live vaccine Volvac
®
  LaSota stain 10

55 
EIDS + Massachusetts serotype 

10
55

  DIO 30 from Boehringer IngeIheim company at 7 days of age by drinking 

water. Then, all birds were vaccinated with live Izovac GUMBORO 2 from 

IZO S.r.I by drinking water at 14 days of age. At day 23 of age Chickens were 

vaccinated with Izovac CLONE dried live attenuated ND vaccine 10
6
 EID50 in 

drinking water. 

 Chickens were thirsty by preventing water supply from the chickens for 2 

hours depending on the ambient temperature. The vaccine was dissolved in the 

water according to manufacturer instructions .  

Table (3-1) shows the program of vaccination. 

Age of chicks 

(days) 
Disease Type of vaccine Administration rout 

7 ND+IB 

Volvac®  LaSota stain 10
55

 

EIDS + Massachusetts 

serotype 10
55

  DIO 30/USA 

drinking water 

14 Gumboro  
Izovac GUMBORO2 from 

IZO S.r.I/USA 
drinking water 

23 ND Izovac CLONE 30/Holanda drinking water 

 

3.4 Nutrients used in the experiment:   

    All chicks fed ad libitum and the diet was formulated according Avian 

Company requirements. The diet used in the experiment is shown in the 

table (3-2).zinc was used from Zinpro /USA, probiotic used from Biofine 

Company / Austria 
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Table (3-2): Composition of basil diet of broiler chickens (kg for ton) 

Effective material in 1 kg of premix: vitamin E 50 000 mg; vitamin D 3 800 000 IU; niacin 12 000 mg; 

pantothenic acids 3 000 mg; riboflavin 1 800 mg; thiamn 600 mg; menadion 800 mg; ascorbic acid 50 000 mg; 

folic acid 400 mg; vitamin A 2 500 000 IU;  biothin 40 mg; pyridoxin 1 200 mg;  vitamin B12 10 mg; cholín 

100 000 mg; betain 50 000 mg; Mn 20 000 mg; Zn 16 000 mg; Fe 14 000 mg; Cu 2 400 mg; Co 80 mg; I 200 

mg; Se 50 mg.  

 

3.5 Blood sampling:   

     All blood samples were collected at days 35 of age randomly from each 

group which were obtained from the wing vein in 6 bird a test tube without 

anticoagulant. Tubes without anticoagulant were allowed to clot and centrifuged 

for 10 minute/ 3000 rmp to collect serum. Serum was collected and stored in the 

freezer  until analysis. Blood serum was used to determine ELISA antibody titer 

against ND and IBD diseases vaccine.  

Content Starter  Grower Finisher  

Yellow Corn 521 556 596 

Soy been meal 411 370 325 

Oil  24 35 43 

Premix 25 /1000 25 25 

Limestone 10 9 6 

MCP(mono 

calcium phosphate) 

9 5 5 

Chemical composition  

Energy Kcal/Kg 3000 3000 3200 

Crud protein  CP% 23 21.5 20 

Calcium% 0.98 0.87 0.77 

Av. Phosphorus% 0.50 0.40 0.40 

Av. Lysine% 1.23 1.14 1.04 

Av. Methionine% 0.51 0.49 0.47 

Av. TSAA % 0.80 0.77 0.73 

Av. Threonine % 0.75 0.70 0.63 

Calcium% 0.98 0.87 0.77 

phosphate% 0.50 0.40 0.40 
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Figure (3-1) experimental design  
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3.6 Instruments, equipment and kits: 

The apparatuses and tools that used in this study are summarized in the table (3-

3) with their origin or provider.   

Table (3-3)  instruments and equipment with their origin. 

instruments and equipment origin 

Centrifuge Japan 

Colorimetric determination of Fe Ltaonline/ Italy 

Colorimetric determination of Mg  Ltaonline/ Italy 

Colorimetric determination of zinc CU Ltaonline/ Italy 

Colorimetric determination of zinc kit  ltaonline/Italy  

Cooler box  China  

Deposable syringe (1, 2, 3) cc  China  

Disposable gloves  China  

Eosin Stain  
 

Himedia Lab India  

Eppendorf tubes and micropipettes tips  China  

Formalin Chemanol SA  

Graduated glass pipettes size (2, 5, 10) cc  Silber®brand/Germany  

Hematoxylin Stain Himedia Lab India  

Infectious Bursal Disease (IBD) Antibody 

Elisa Test Kit 

green spring/USA 

Medical cotton  Turkey  

Multi-channel pipette type-12  Transferpette  ®  -BRAND  

/Germany  

Newcastle(ND) Antibody Elisa Test Kit green spring /USA 

Refrigerator  Beko ® Turkey  

Sensitive electrical balance  Mettler, Switzerland   

Single channel pipette (micropipette 1-50) 

microliter)  

Transferpette ® -BRAND/ 

Germany  

Sterile glass tube without anticoagulant  Venoject ® Terumo / 

Belgium  

Test tube rack (stainless steel)  Germany  
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3.7  Parameters of the study:  

3.7.1 Broiler performance:  

3.7.1.1 Mean weekly body weight (BW) (gm/birds):  

     The weight was calculated weekly by weighing chicks individually at one 

day old and at end of each week by sensitive balance. Mean body weight was 

calculated from the total weight of all chicks divided on the number of chicks 

(Al-Fayadh and Naji, 1989).  

3.7.1.2 Weekly feed intake (F.I.) (gm):  

      The feed intake has been calculated each week depending on weighting the 

remaining feed at each end of the week and substrate from the feed that offered 

at the beginning of the same week, taking with concern the number of the dead 

chicks and number of feeding day. According to this equation which was 

mentioned by (AL-Fayadh and Naji, 1989), for calculated the food intake of 

chicks.   

Weekly feed intake (gm/chick) =        

W= Quality of feed intake through the week (gm).  

L= number of live chicks fed through the week.   

D= number of dead chicks × number of their feeding days.   

3.7.1.3 Weekly mean weight gains (WG) (gm/birds):  

The mean body weight gain was calculated weekly for each group by 

recording the weight gain at the beginning of the week and at the end depending 

on the following equation: Mean weekly weight gain=body weight at the end of 

the week-body weight at the beginning of the week (Al-Fayadh and Naji, 

1989).  
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3.7.1.4 Feed conversion Ratio (F.C.R):                                                                                   

           Feed Conversion Ratio was calculated weekly for each group up to the 

end of experiment. (AL-Fayadh and Naji, 1989) reported the equation for 

measurement of FCR.  

FCR=   

3.7.2 Immunological tests: 

    Serum Immunological tests for ND and IBD were done by using ELISA kit 

as shown in appendix (I and II).  

3.7.3 Mineral content of meat: 

3.7.3.1 Content of Mg in meat: 

    Mg was determined by use special Colorimetric method kit as shown in 

appendix III 

37.3.2 Content of Cu in meat: 

    Cu was determined by use special Colorimetric method kit as shown in 

appendix IV 

37.3.3 Content of Zn in meat: 

     Zn was determined by use special Colorimetric method kit as shown in 

appendix V 

3.7.3.4 Content of Fe in meat: 

     Fe was determined by use special Colorimetric method kit as shown in 

appendix VI 

3.8.3 Histological examination: 

       Tissue samples (duodenum, jejunum and ilium) were taken after the 

sacrifice and have been placed in 10% formalin and the histological slide stain 

with (HandE and alcian blue) is shown in appendix (VII and VIII).  
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      After the staining as completed the slide was examined by using a light 

microscope and a graduated lens was used to measure the villi height and crypt 

depth under magnified to X 10. 

3.9 measuring of edible organs weight: 

The weight of the organs was measured after the slaughter process and their 

removal from the body using an electronic scale and compared with the body 

weight 

3.10 Statistical analysis:  

       Data ware analyzed as one-way ANOVA using the general linear model 

(GLM) procedure to SPSS 22.0 software (Corp, 2011). Four treatment means 

were separated using a ―protected‖ Duncan`s analysis in level (0.05). 
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4. Results and Discussion  

4.1. Production performance 

4.1.1. Effect of zinc, probiotic and their combination on live body weight, 

weight gain, feed intake and feed conversation ratio of broilers:   

       The results of current study,  in the tables, showed a significant (p≤0.05)  

increase in the live body weight and weight gain of combination group as 

compared to the other groups, while zinc and probiotic groups show a 

significant increase when compared to  control group,  as shown in table         

(4.1 and 4.2), while in the age 35th days, we found a significant increase of 

live body weight as mean ± SE (2516 gm±16)  in the (Zn+ Prob) group 

rather than control group as mean ± SE (2077 gm ±10.84).  

      The results in (table 4.3) indicated that the (Zn+ Prob) group recorded a 

significant (p≤ 0.05) increased in feed intake and improved in the feed 

conversion ratio as compare with the control group ,the results were recorded 

as mean ±SE (1146.65 gm ±28) rather than (1123.59 gm ±1) in the control 

group. It is Stated that Zn had a significant beneficial effect on weight gain 

in broilers. A ratio Zn showed a significant increase of daily weight gain and 

feed efficiency of broilers for the period from 1to 35 days of age with 

supplementing broiler diets with zinc is a common industry practice (Sunder 

et al., 2012).  

     As a result it positively affects intestinal activity and increases digestive 

enzymes to improve digestion and intestinal absorption. Probiotic led to 

improving BW, WG, FI and FCR that due to enhancing body health and gut 

health by promoting mucin secretion which acts to improve barrier function 

and competitive exclusion of pathogenic bacteria. This result of the current 

study shows a significant increase in the feed intake  and decrease in feed 

conversation ratio of combination group as compared to the other groups 
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while zinc and probiotic groups show a significant increase  when compared 

to  control group  as shown in table (4-3and4-5) and this result is in 

agreements with (Ogbuewu et al., 2023) and (Derakhshan et al., 2023).    

Probiotic enhance antimicrobial substances production such as lactic acid 

and acetic acid which lower of pH intracellular of bacterial cell( Russell and 

Diez., 1998); Mack et al., 2003) and Gonzalez et al., 2012) who reported 

that probiotic supplement led to enhance growth performance and health 

body in broiler chicken. 

Table (4.1): Effect of Zinc, probiotic and their combination on broilers live body weight (gm). 

          Groups 

Weeks 

T1 T2 T3 T4 

Day1 42.64±.168A 42.76±.168A 42.54±.183A 42.28±.151A 

week1 183.6±1.1C 199.2±2.0B 196.7±1.4B 209.4±1.1A 

week2 430.88±4.8C 463.38±14.5B 463.16±2.5B 528.16±6.7A 

week3 908.3±8C 1047±10B 1042 ±173B 1108±20A 

week4 1446 ±16C 1634.40±11B 1621 ± 16B 1724.00±16A 

week5 2077 ± 10.84C 2334 ± 5.5B 

 

2318 ±24 B 2516±16A 

Different letters among groups showed a significant difference at (p≤ 0.05). 

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 

1g/kg probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg.  
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Table (4.2): Effect of Zinc, probiotic and their combination on broilers weight gain (gm) (Mean ± 

SE). 

Groups 

Weeks 

T1 T2 T3 T4 

week  1 140.96±1.1C 165.48±1.9B 154.20±1.3B 167.16±1.0A 

week  2 247.28±5.2B 268.8±12.5B 266.42±3.7B 318.72±5.7A 

week  3 477.46±10.8B 584.5±21.2A 579.4±18.5A 579.94±15.1A 

week  4 538.16±12.7B 586.5±19 AB 579.3±17 AB 615.90±24.7A 

week  5 613.22±16.4C 699.62±11B 666.2±21 BC 792.14±25.8A 

Different letters among  groups showed a significant difference at (p≤ 0.05) . 

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 

1g/kg probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg.  

 

Table (4.3): Effect of Zinc, probiotic and their combination on broilers Feed intake (gm) (Mean ±SE): 

Groups 

Weeks 

T1 T2 T3 T4 

week  1 203.27±5.68C 225.76±.36B 220.05±5.8B 239.51±4.26A 

week  2 389.71±11.8C 404.48±1.1B 380.1±2.4BC 447.62±3.61A 

week  3 784.44±15.3C 824.5±11.3B 865.68±9.6A 846.75±6.5AB 

week  4 872.68±.77AB 888.55±1.8A 848.85±4.9B 865.99±16AB 

week  5 1132.59±1AB 1057.74±18B 1063.53±28B 1146.65±28A 

Different letters among groups showed a significant difference at(p≤ 0.05).  

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 

1g/kg probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg.    
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Table (4.4): Effect of Zinc, probiotic and their combination on Feed conversion ratio in broiler chickens   (Mean 

±SE). 

           Groups 

Weeks 

T1 T2 T3 T4 

week  1 1.48±.01A 1.44±.01A 1.43±.0.3A 1.41±.02A 

 week  2 1.60±.04A 1.51±.07AB 1.42±.01B 1.40±.03B 

 week  3 1.66±.04A 1.42±.04B 1.50±.05B 1.46±.03B 

 week  4 1.62±.03A 1.52±.04AB 1.47±.05AB 1.41±.05B 

 week  5 1.80±.04A 1.49±.01BC 1.58±.03B 1.45±.04C 

 mean 1.67±.00A 1.47±.00BC 1.51±.01B 1.43±.02C 

Different letters among groups showed a significant difference at (p≤ 0.05).  

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 

1g/kg probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg. 

 

4.2. Effect of zinc, probiotic and their combination on immune response 

against Newcastle disease and Infectious bursa disease in broiler chickens: 

        The current study showed a significant (p≤0.05) increase in Immunological 

parameters against ND and IBD viruses in the combination group as compared 

with the other groups while there is significant (p≤0.05) increase in probiotic 

group as compared with zinc and control groups. On the other hand, zinc group 

show significant (p≤0.05) increase as compared with control group as shown in 

table (4-5). The immune response of broiler chickens may be modified by the 

level of zinc in the diet; it has an important role in many physiological functions 

in the body.  

      The role of zinc as an enhancer of broiler immunity is necessary because of 

the number of restrictions on the use of antibiotics in the diet imposed by many 

countries. The immune status of the broilers improves, with an improvement in 

the function of immune organs such as Lymphoid organs that are part of the 

structure and function of the immune system in broilers that can protect the 

body from attack by microorganisms. Also zinc is known to have an important 
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role in the immune system of the animal because it is needed in the function, 

structure, and development of the immune system (Hidayat et al., 2020). 

      Zinc has been shown to be necessary for DNA synthesis, which is an 

essential step in cell division. Specifically, zinc is required for the activity of 

many enzymes involved in DNA replication, repair, and transcription. Zinc may 

also play a role in regulating the cell cycle, which is the sequence of events that 

leads to cell division and increase the immune cells production (Zhang et al., 

2023).  

      Probiotic bacteria are capable of enhancing both specific and nonspecific 

immune responses by activating macrophages, increasing cytokine production 

by intra epithelial lymphocytes (IEL),and increasing the levels of the body 

immunoglobulins especially IgA (Roselli et al., 2022).   Probiotics bacteria have 

been a cause to protect the body from any infections and stimulation of 

intestinal immune responses when added in diet to produce antimicrobial 

compound (organic acid and bacteriocins) (Ellin, 2001). 

Table (4.5): Effect of Zinc, probiotic and their combination on immune response / mean ±SE  

     Groups      

  Parameters 
T1 T2 T3 T4 

ND 2878.0±49.89D 3190.0±93.45C 3428.0±80.14B 3778.0±79.72A 

IBD 169.40±5.5 C 245.00±6.1 B 261.00±3.9 B 343.80±15.0 A 

Different letters among groups showed a significant difference at (p≤ 0.05).  

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 1g/kg 

probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg. 
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4.3 Effect of zinc, probiotic and their combination on carcass   

characterization in broiler chickens: 

 The results of this study show a significant (p≤0.05) increase in the live 

body weight and carcass without feather, this examination did at age of broiler 

chickens 35 days. We notice an increase in the size of the heart, liver and 

gizzard; this is due to the good use of organic zinc, as it is included in the 

synthesis of protein and helps in building the muscles of the bird's body. This 

increase in the size of the heart is appropriate for the weight increase of the 

bird's body in the combination croup (T4) when compere with other group and 

the differences are similar between (T2 and T3), it is considered less 

significantly the control group (T1). 

     The growth performance of animals is affected by the muscle protein, which 

is the net balance of protein synthesis and degradation. Thus, any factor that 

increases the synthesis and/or reduces breakdown will lead to higher muscle 

mass, while reducing the synthesis and/or increasing in breakdown will result in 

muscular atrophy (Tesseraud et al., 2011). Amino acids are the building block 

of protein that can also regulate signal transduction pathways involved in cell 

function and metabolism, and modulate protein metabolism in the body 

(Dickinson  et al., 2011).   

     Zinc plays a role in collagen synthesis and deficiencies of this nutrient result 

in reduced production of skin collagen (Leeson and summers, 2005). 

     Zinc which is the second most abundant trace element in the body plays an 

essential role in protein and DNA synthesis, immune cell function, regulation of 

cell growth, and enzyme’s co-factor. Inorganic Zn has been used as an additive 

in the chicken diet. However, inorganic Zn is easily dissociated in the upper 

GIT and interacts with other minerals, thereby its bioavailability is reduced in 

the intestine, and excretion increases in the environment (Yenice et al., 2015). 
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Additionally dietary probiotic has been used to modulate the immune 

response in poultry. Their effect may include immuno-stimulation, anti-

inflammatory reactions, exclusion and killing of pathogens in the intestinal tract 

and reduction of bacterial contamination on processed broiler carcasses. Also 

the balanced interaction between the intestinal microbiota, epithelium and 

immune system provides resistance to enteric pathogens (Patterson and 

Burkholder, 2003). 

      The study showed an increase in the size of the heart and this is due to the 

good use of organic zinc, as it is included in the synthesis of protein and helps 

in building the muscles of the bird's body. This increase in the size of the heart 

is appropriate for the weight increase of the bird's body. When body weight 

increases, the size of the heart may naturally increase to meet the needs of the 

larger body. An increase in body weight is usually associated with an increase 

in volume, muscle mass and adipose tissue in the body, which require the heart 

to increase in strength and efficiency to pump blood to these additional areas 

(Hajiazizi et al., 2023). 

     As broiler chickens consume a high-energy diet to promote rapid growth, the 

gizzard adapts to the increased workload by growing in size and developing 

stronger muscular walls. This adaptation allows for better grinding and 

digestion of the feed, aiding in nutrient absorption (Ravindran et al., 2021). 
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Table (4-6): Effect zinc and probiotic on carcass characteristic/ mean  ±SE 

T4 T3 T2 T1 
           Groups 

Parameter gm 

2516.14±16.41A 2251.04±2.50C 2334.02±5.56B 2077.72±10.84D Live body Wight  

2329.94±15.19A 2084.46±2.32C 2161.30±5.15B 1923.88±10.07D 
Carcass Without 

feather 

1846.84±12.04A 1652.26±1.84C 1713.17±4.08B 1525.04±7.96D 
Carcass Without 

visra 

2001.64±8.79A 1765.46±4.30C 1826.97±10.09B 1615.24±11.01D 
Carcass with 

edible 

75.40±3.32A 59.00±4.22B 59.80±3.08B 42.40±3.24C Gizzard 

60.20±2.42A 41.20±1.40B 39.40±3.72B 36.60±1.87B Liver 

19.20±1.98A 13.00±.25B 14.60±1.81B 11.20±.47B Heart 

Different letters among groups showed a significant difference at (p≤ 0.05). 

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 1g-/kg 

probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg. 

 

4.4 Result of mineralogy metric examination (Mg, Cu, Zn, and Fe) in 

pectoral muscle of broiler chickens.  

     The current study showed a significant (p≤0.05) increase in Mg in zinc group 

as compared to the other groups, while there is no significant difference when 

compared to the combination group as shown in table (4.6). The Cu shows no 

significant deference between the experiment groups.as shown in table (4.6). 

Zinc show a significant (p≤0.05) increase in the combination group as compared 

to the other groups while there is a no significant deference between the zinc 

group and the probiotic group while the control group shows a significant 

(p≤0.05) decrease when compared to the other groups.    

      Iron shows a significant (p≤0.05) increase in the combination group as 

compered with the zinc and probiotic groups, the control group showed a 

significant decrease as compered with the other groups. 
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Table (4.7): Effect of Zinc, probiotic and their combination on mineral contained in muscle µg/kg/mean ±SE 

        Groups 

Minerals  
T1 T2 T3 T4 

Mg 7.07±.05C 7.55±.07A 7.23±.01BC 7.54±.12AB 

Cu 50.88±1.7A 51.85±1.7A 50.20±1.1A 52.80±1.6A 

Zn 57.94±7.4C 162.67±21.0A 96.41±14.9BC 121.36±11.2AB 

Fe 200.58±7.2A 215.20±5.7A 219.10±9.4A 218.80±6.7A 

Different letters among groups showed a significant difference at (p≤ 0.05).    

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 1g/kg 

probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg.  

   

      Zinc facilitates the absorption of iron in the intestine through various 

mechanisms. Zinc aids in the synthesis and secretion of a protein called 

hepcidin, which regulates iron metabolism. Zinc deficiency can lead to 

decreased hepcidin levels, resulting in impaired iron absorption. Also, zinc 

promotes the activity of an protein called ferroportin, which transports iron 

across the intestinal cells and into the bloodstream. By enhancing ferroportin 

function, zinc facilitate the movement of iron from the intestinal lumen into the 

body (Zhang et al., 2018). 

       Furthermore, zinc plays a role in the structure and function of the intestinal 

lining. It helps maintain the integrity of the intestinal cells and supports the 

development of microvilli, which are finger-like projections on the surface of 

the intestines that increase the absorptive area. This enhanced absorptive surface 

allows for improved uptake of iron and other nutrients (Yang and Liao, 2019). 

       Probiotics can increase the expression and activity of proteins involved in 

iron uptake, such as divalent metal transporter 1 (DMT1). This regulation of 

iron transporters facilitates the absorption of dietary iron in the intestines 

(Garcés et al., 2018).  Also, Probiotics have anti-inflammatory properties and 

can help alleviate gut inflammation. Chronic inflammation can impair iron 

absorption, so reducing inflammation promotes better iron uptake (Deriu et al., 

2013). Probiotics can compete with other intestinal bacteria for zinc-binding 
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sites in the gut. This competition reduces the binding of zinc to less beneficial 

bacteria, allowing more zinc to be available for absorption by the body 

(Scarpellini et al., 2021).  

4.5. Effect of zinc, probiotic and their combination on villi length: 

     The current study showed a significant increase (p≤0.05) intestinal villi area 

in the combination group comparison with other groups. Zinc increase villi 

length by product new cells that increase space of the intestine and increase 

absorption in the intestine (Ohashi and Fukada, 2019).The role of gut health is 

pivotal in broiler performance from hatch to the point of marketing (Shannon 

and Hill, 2019). 

Table (4-8): Duodenum villi measurements 

Villi area(mm)
2
 Mean ±S.E Villi width(mm) Mean ±S.E Villi length(mm) Mean ±S. E  Groups 

0.18 ±  0.04 C 0.12 ± 0.02 C 1.48 ± 0.10 C T1 

0.17 ±  0.03 C 0.11 ±  0.02 C  1.61 ± 0.15 B T2 

0.26 ± 0.03 B  0.15 ±  0.02 B 1.71 ±  0.13 A T3 

0.31 ± 0.03 A 0.18 ± 0.02 A 1.71 ± 0.13 A T4 

Different letters among groups showed a significant difference at (p≤ 0.05). The control group (T1) fed basal 

diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 1g/kg probiotic, (T4) contain combination of 

Zn 1.5g/kg + probiotic 1g/kg.  

 

Table (4-9): Jejunum villi measurements. 

Villi area (mm2) Mean  ±S.E Villi width (mm)Mean ±S.E Villi length(mm) Mean ±S.E Group 

0.12 ± 0.04 C 0.11 ± 0.03 C 1.00 ±0.13 C T1 

0.13 ± 0.04 C 0.12 ± 0.03 C 1.06 ± 0.07 C T2 

0.20 ± 0.05 B 0.15 ± 0.04 B 1.29 ± 0.06 B T3 

0.31 ± 0.04 A 0.22 ± 0.03 A 1.45 ± 0.06 A T4 

Different letters among groups showed a significant difference at (p≤ 0.05). 

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 1g/kg 

probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg. 
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Table (4-10): Ileum villi measurements 

Villi area (mm2)  Mean ±S.E Villi width(mm)Mean ±S.E Villi length(mm) Mean ±S.E Group 

0.09 ± 0.01  D 0.09 ± 0.01 C 0.95 ± 0.10 B T1 

0.12 ± 0.03  C 0.16 ± 0.02  B 0.79 ± 0.16 C T2 

0.19 ± 0.03  B 0.20 ± 0.04  A 0.94 ± 0.13 A T3 

0.25 ± 0.03 A 0.23 ± 0.03  A 1.10 ± 0.10  A T4 

 Different letters among groups showed a significant difference at (p≤ 0.05). 

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 1g/kg 

probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg. 

  

Table (4-11): Crypt depth measurements(mm) 

Ilium  Mean   ±S.E jejunum  Mean ±S.E Duodenum Mean ±S.E Group 

0.19 ± 0.03 C 0.17 ± 0.02 C 0.18 ± 0.03 C T1 

0.27 ± 0.04 B 0.28 ± 0.06 B 0.28 ± 0.08 B T2 

0.29 ± 0.05 B 0.24 ± 0.03 B 0.23 ± 0.02 B T3 

0.37 ± 0.03 A 0.39 ± 0.03 A 0.37 ± 0.05 A T4 

Different letters among groups showed a significant difference at (p≤ 0.05). 

The control group (T1) fed basal diet without any additives, (T2) contain 1.5 g/kg Zn, (T3) contain 1g/kg 

probiotic, (T4) contain combination of Zn 1.5g/kg + probiotic 1g/kg. 

 

The results of the current study showed the crypt depth and villus length 

in intestine were increased significantly (p ≤ 0.05) in the groups respectively 

compare with the control (T1). The results indicated that the combination group 

recorded the highest mean the crypt depth and villus among treatments we 

found a significant increase of the crypt width and villus height as (mean ± SE) 

according to duodenum (0.71±0.13), (0.18±0.02) and jejunum (1.45 ±0.06), 

(0.22±0.4) and ileum (1.10±0.23), (0.39±0.3) respectively. 

The Combartion with control group was recorded duodenum (1.48±0.10), 

(0.12±0.2) and jejunum (1.00±0.13), (0.11±0.3) and ileum (0.95±0.10), 

(0.9±0.01) respectively. Organic Zinc at level showed the best result on 

increasing villus height, crypt width and villus height to crypt width ratio (De 

Grande et al., 2020). Movement of cells from crypts to the villus tip is the cause 

of renewing, which makes them ready for absorption, Length in crescent of 
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villus is associated with enzyme increscent suitable for digestion and 

absorption, organic Zn (De Grande et al., 2020). 

It is believed that organic forms of zinc are more easily absorbed in the 

small intestine, leading to higher zinc bioavailability and subsequently 

influencing cellular processes involved in villus development and growth (Long 

et al., 2022). Zinc deficiency can disrupt cellular processes involved in villus 

development, including cell proliferation, differentiation, and migration. Zinc is 

also involved in the synthesis and stabilization of structural proteins in the 

intestinal epithelium, which are crucial for maintaining the integrity of the villi 

(Wan and Zhang, 2022). 

      Zinc is involved in protein synthesis, which is crucial for growth and 

development. Zinc deficiency can hinder protein synthesis, resulting in reduced 

growth rates and overall performance in broiler chickens (Hidayat et al., 2020).  

      Enzymatic production by different strains of bacteria has caused rapid 

growth and advancement in the field of probiotics. Bacillus licheniformis strains 

have been heavily used in the industry because of its ability to produce amylase, 

alkaline, protease, keratinase and B-mannanase (Hmidet et al., 2009; Zhang et 

al., 2002). 

      Addition of indigenous lactic acid bacteria probiotics to the diets increased 

villus height, jejunum and ileum, and villus width of duodenum, and improved 

the expression of mucin mRNA in the ileal part, These results conclude that 

lactic acid bacteria may stimulate proliferation of intestinal epithelium and 

regulate mucosal barrier formed by mucin in the small intestine of birds 

(Ariyadi and Harimurti, 2015).  
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4.6  Effect of zinc, probiotic and their combination on intestinal histology: 

     Organic forms of zinc are thought to be more easily absorbed in the small 

intestine, resulting in higher zinc bioavailability and, as a result, influencing 

cellular processes involved in villus development and growth (Long et al., 

2022). Zinc deficiency can wreak havoc on cellular processes involved in villus 

development, such as cell proliferation, differentiation, and migration. Zinc is 

also involved in the synthesis and stabilization of structural proteins in the 

intestinal epithelium, which are necessary for villi integrity (Wan and Zhang, 

2022). 

      Zinc aids in protein synthesis, which is necessary for growth and 

development. Zinc deficiency can impair protein synthesis in broiler chicks, 

resulting in lower growth rates and overall performance (Hidayat et al., 2020).  

The area of probiotics has experienced fast expansion and improvement due to 

the synthesis of enzymes by various bacterial strains. Because it can generate 

amylase, alkaline, protease, keratinase, and B-mannanase, Bacillus 

licheniformis strains have been widely employed in the industry (Hmidet et al., 

2009; Zhang et al., 2002). 

      The jejunum, ileum, and duodenal villus width increased with the addition 

of indigenous lactic acid bacteria probiotics to the diets, and the expression of 

mucin mRNA in the ileal region improved. According to these findings, lactic 

acid bacteria may promote the growth of intestinal epithelium and control the 

mucous membrane barrier that mucin creates in the small intestine of birds 

(Ariyadi and Harimurti, 2015).  
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 Figur (4-1): Photomicrograph of duodenum of control and treated groups. 

A / Control group(T1). Normal histological architectures of villi (black arrow) and crypt of Lieberkuhn 

(yellow arrow). Where shows long villi relative to the short crypts. B/ Group (T2). Normal histological 

architectures of villi (black arrow) and crypt of Lieberkuhn (yellow arrow). However, villi showed higher 

numbers compared with control group. C/ Group (T3). Normal histological architectures of villi (black arrow) 

and crypt of Lieberkuhn (yellow arrow). However, villi showed higher numbers compared with control group, 

also the crypt of Lieberkuhn was thicker in comparison with control group. D/ Group (T4). Normal histological 

architectures of villi (black arrow) and crypt of Lieberkuhn (yellow arrow). However, villi showed higher 

numbers compared with control group, also the crypt of Lieberkuhn was thicker relative to villi length in 

comparison with other groups. HandE A, B, C and D: 40x. 
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Figure (4-2) : Photomicrograph of jejunum of control and treated groups. 

A / Control group(T1). Normal histological architectures of villi (black arrow) and crypt of Lieberkuhn 

(yellow arrow) of jejunum. B/ Group (T2). Normal histological architectures of villi (black arrow) and crypt of 

Lieberkuhn (yellow arrow). C/ Group (T3). Normal histological architectures of villi (black arrow) and crypt of 

Lieberkuhn (yellow arrow). However, villi showed larger area compared with control group, also the crypt of 

Lieberkuhn was thicker in comparison with control group. D/ Group (T4). Normal histological architectures of 

villi (black arrow) and crypt of Lieberkuhn (yellow arrow). However, villi showed larger area compared with 

other groups. H and E A, B, C and D: 40x. 
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Figure (4-3) : Photomicrograph of ileum of control and treated groups. 

A / Control group(T1). Normal histological architectures of villi (black arrow) and crypt of Lieberkuhn 

(yellow arrow) of ileum. B/ Group (T2). Normal histological architectures of villi (black arrow) and crypt of 

Lieberkuhn (yellow arrow). C/ Group (T3). Normal histological architectures of villi (black arrow) and crypt of 

Lieberkuhn (yellow arrow). However, villi showed higher numbers and larger area compared with control 

group. D/ Group (T4). Normal histological architectures of villi (black arrow) and crypt of Lieberkuhn (yellow 

arrow). However, villi showed higher numbers and larger area compared with control group. Also, the crypt of 

Lieberkuhn was thicker in comparison with control group. H and E A, B, C and D: 40x. 

4.7 Effect of zinc, probiotic and their combination on intestinal mucin 

activity: 

     The study showed a significant increase in the intestine mucin in the 

duodenum, jejunum and ilium in the zinc ,probiotic and combination group as 

compared to the control group as shown in figure (4-4 , 4-5 and 4-6). 
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     Zinc is involved in the production of mucus proteins, which are essential for 

forming the mucus layer that lines various surfaces in the body, including the 

respiratory and gastrointestinal tracts (Abd  El-Hack et al., 2020). 

      One of the key mechanisms by which zinc influences mucin production in 

the intestine is through its involvement in protein synthesis. Zinc acts as a 

critical cofactor for numerous enzymes that are responsible for protein synthesis 

and modification. Among these enzymes are those involved in the synthesis of 

mucin (Zhang et al., 2012) .  

       Zinc deficiency has lead to alterations in the expression and secretion of 

mucin in the gastrointestinal tract, potentially compromising the mucosal 

barrier. This can result in increased susceptibility to infections, inflammation, 

and other gastrointestinal disorders (Wan and Zhang, 2022).  

     Probiotics influence mucin production indirectly by interacting with the gut 

epithelial cells and immune cells. Probiotic microorganisms can stimulate the 

production of certain molecules, such as short-chain fatty acids, that are 

beneficial for gut health. These molecules can enhance the expression and 

secretion of mucin, promoting the formation of the mucus layer in the intestine 

One of the main Short Chain Fatty Acid SCFAs produced in the gut is butyrate. 

Butyrate, along with other SCFAs like acetate and propionate, serves as an 

energy source for the cells lining the intestinal wall, Intestinal epithelial cells 

preferentially use butyrate as a fuel for their energy needs, enhancing their 

function and promoting overall gut barrier integrity. Also, the butyrate can 

increase the absorption of minerals, including zinc, from the intestinal lumen 

into the bloodstream (Salvi and Cowles 2021). 

       SCFAs also promote gut motility, which can indirectly influence zinc 

absorption. Adequate gut motility ensures that food and nutrients spend enough 

time in the small intestine, allowing for sufficient nutrient absorption. Improved 
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gut motility helps prevent conditions like small intestinal bacterial overgrowth 

(SIBO) that may interfere with zinc absorption (Hughes et al., 2021). 

      SCFAs have been shown to exert anti-inflammatory effects in the gut. They 

can modulate immune responses and reduce the production of pro-inflammatory 

cytokines. By promoting a balanced inflammatory environment, SCFAs help to 

maintain the health and function of the intestinal mucosa (Ney et al., 2023).  

      Also, probiotics have been shown to modulate the immune system in the 

gut. They can influence the activity of immune cells and the production of 

immune-regulating molecules, which can impact mucin synthesis and secretion. 

A well-regulated immune response is crucial for maintaining the integrity of the 

mucosal barrier and ensuring proper mucus production in the intestine 

(Javanshir et al., 2021). 

      Furthermore certain probiotics can produce bioactive compounds, such as 

exopolysaccharides, that may directly or indirectly influence mucin production. 

These bioactive compounds can contribute to the development of a favorable 

gut environment, promoting the growth and activity of beneficial 

microorganisms that support mucosal health ( Ferguson and Taylor,  2022). 
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Figure (4-4): Photomicrograph of duodenum of control and treated groups. 

A/ Control group(T1). The light blue color that expressed the presence of mucin (black arrow) in cytoplasm of 

secretary epithelial cells of crypt of Lieberkuhn and villus epithelial cells. B/ Group (T2). The light blue color 

that expressed the presence of mucin (black arrow) in cytoplasm of secretary epithelial cells of crypt of 

Lieberkuhn and villus epithelial cells. C/ Group (T3). Note the secretary epithelial cells showed mucin density 

in its cytoplasm compared with control group. D/ Group (T4). Note the secretary epithelial cells showed higher 

mucin density in its cytoplasm compared with control group. Alcian-PAS. A, B, C and D: 100x. 
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Figure (4: 5)Photomicrograph of jejunum of control and treated groups. 

A/ Control group(T1). The light blue color that expressed the presence of mucin (black arrow) in cytoplasm of 

secretary epithelial cells of crypt of Lieberkuhn and villus epithelial cells. B/ Group (T2). The mucin (black 

arrow) in cytoplasm of secretary epithelial cells of crypt of Lieberkuhn and villus epithelial cells showed higher 

density compared with control group. C/ Group (T3). Note the secretary epithelial cells showed mucin density 

in its cytoplasm compared with control group. D/ Group (T4). Note the secretary epithelial cells showed higher 

mucin density in its cytoplasm compared with other groups. Alcian-PAS. A, B, C and D: 100x. 
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Figure (4-6): Photomicrograph of ileum of control and treated groups. 

A/ Control group(T1). The light blue color that expressed the presence of mucin (black arrow) in cytoplasm of 

secretary epithelial cells of crypt of Lieberkuhn and villus epithelial cells. B/ Group (T2). The mucin (black 

arrow) in cytoplasm of secretary epithelial cells of crypt of Lieberkuhn and villus epithelial cells showed higher 

density compared with control group. C/ Group (T3). the secretary epithelial cells showed more mucin density 

in its cytoplasm compared with control and A groups. D/ Group (T4). Note the secretary epithelial cells showed 

higher mucin density in its cytoplasm compared with and A groups. Alcian-PAS. A, B, C and D: 100x.    
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5.1. Conclusions:  

 Depending on the  study findings.  The conclusions are as the following: 

1. The use of combination (zinc 1.5g/kg and probiotic 1g/kg) led to 

enhance growth performance of broiler chickens.  

2. There is an improvement in the immune response in broiler chickens 

in the group that feed a combination of (zinc 1.5 g/kg and probiotic 

1g/kg) improve the immune response broiler chickens. 

3. Feeding on combination of (zinc 1.5g/kg and probiotic 1g/kg) improve 

the carcass characteristics of the broiler chickens. 

4. Dietary combination may enhance the intestinal health of broiler 

chickens through increasing the efficacy villus length, crypt depth and 

villus area.  
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5.2 .Recommendations:                                

  

1. Using a combination (Zn + Probiotic) in laying hens diet and studying 

their egg production.. 

2. Studying the effect of addition of combination of zinc and probiotic on 

broiler chicken under heat stress. 

3. Study the apoptotic factor before and after supplementation of Zinc and 

probiotic. 

4. Studying the effect of addition of combination of zinc and probiotic on 

antioxidant activity. 

5. study the effect of Zinc and probiotic on laying hens diet on mucin 

secretion and gen expression. 

  

  

  

  



 

 

 

 

 

 

Chapter six 

References



Chapter six ………………………………………………………References 

50 

Abd El‐Hack, M. E., El‐Saadony, M. T., Shafi, M. E., Qattan, S. Y., Batiha, G. E., 

Khafaga, A. F., ... & Alagawany, M. (2020). Probiotics in poultry feed: A 

comprehensive review. Journal of animal physiology and animal nutrition, 

104(6), 1835-1850. 

Abed, A. A. A., Al Jubory, S. Y., & Makki, S. A. R. (2018). Effect of probiotic on 

humoral immunity of broiler chickens vaccinated against Gumboro disease 

under experimental aflatoxicosis. Al-Qadisiyah Journal of Veterinary Medicine 

Sciences, 17(1), 29-34. 

Adhikari, P., Kiess, A., Adhikari, R., & Jha, R. (2020). An approach to alternative 

strategies to control avian coccidiosis and necrotic enteritis. Journal of applied 

poultry research, 29(2), 515-534.  

Al Mahmud, A., Siddiqui, S. A., Karim, M. R., Al-Mamun, M. R., Akhter, S., Sohel, 

M., ... & Amin, M. N. (2023). Clinically proven natural products, vitamins and 

mineral in boosting up immunity: A comprehensive review. Heliyon.  

Alagawany, M., Abd El-Hack, M. E., Farag, M. R., Sachan, S., Karthik, K., & 

Dhama, K. (2018). The use of probiotics as eco-friendly alternatives for 

antibiotics in poultry nutrition. Environmental Science and Pollution Research, 

25, 10611-10618.  

Alam, Z., Shang, X., Effat, K., Kanwal, F., He, X., Li, Y., ... & Zhang, Y. (2022). The 

potential role of prebiotics, probiotics, and synbiotics in adjuvant cancer 

therapy especially colorectal cancer. Journal of Food Biochemistry, 46(10), 

e14302.  

Alchalaby, A. Y., & AL-Abedi, S. F. (2023). Inhibitory effect of Probiotics on some 

Gram positive and negative Bacteria. BASRAH JOURNAL OF VETERINARY 

RESEARCH, 22(1), 69-82.  



Chapter six ………………………………………………………References 

51 

An, B. C., Hong, S., Park, H. J., Kim, B. K., Ahn, J. Y., Ryu, Y., ... & Chung, M. J. 

(2019). Anti-colorectal cancer effects of probiotic-derived p8 protein. Genes, 

10(8), 624.  

Angelakis, E. (2017). Weight gain by gut microbiota manipulation in productive 

animals. Microbial Pathogenesis, 106, 162-170.  

Ariyadi, B., & Harimurti, S. (2015). Effect of indigenous probiotics lactic acid 

bacteria on the small intestinal histology structure and the expression of mucins 

in the ileum of broiler chickens. International Journal of Poultry Science, 14, 

276– 278. 

Aruwa, C. E., Pillay, C., Nyaga, M. M., & Sabiu, S. (2021). Poultry gut health–

microbiome functions, environmental impacts, microbiome engineering and 

advancements in characterization technologies. Journal of Animal Science and 

Biotechnology, 12(1), 1-15. 

 

Ashraf, S. A., Elkhalifa, A. E. O., Ahmad, M. F., Patel, M., Adnan, M., & Sulieman, 

A. M. E. (2022). Probiotic Fermented Foods and Health Promotion. In African 

Fermented Food Products-New Trends (pp. 59-88). Cham: Springer 

International Publishing.  

Bahaddad, S. A., Almalki, M. H., Alghamdi, O. A., Sohrab, S. S., Yasir, M., Azhar, E. 

I., & Chouayekh, H. (2023). Bacillus Species as direct-fed microbial antibiotic 

alternatives for monogastric production. Probiotics and Antimicrobial Proteins, 

15(1), 1-16.  

Bajagai, Y. S., Yeoh, Y. K., Li, X., Zhang, D., Dennis, P. G., Ouwerkerk, D., ... & 

Bryden, W. L. (2023). Enhanced meat chicken productivity in response to the 

probiotic Bacillus amyloliquefaciens H57 is associated with the enrichment of 

microbial amino acid and vitamin biosynthesis pathways. Journal of Applied 

Microbiology, lxad085.  



Chapter six ………………………………………………………References 

52 

Bermudez-Brito, M., Plaza-Díaz, J., Muñoz-Quezada, S., Gómez-Llorente, C., & Gil, 

A. (2012). Probiotic mechanisms of action. Annals of Nutrition and 

Metabolism, 61(2), 160-174. 

Bhadra, P., & Banerjee, P. (Eds.). (2020). Prebiotics and Probiotics: A New Era of 

Nutraceuticals (Vol. 1). Centurion University of Technology and Management.  

Bonaventura, P., Benedetti, G., Albarède, F., & Miossec, P. (2015). Zinc and its role 

in immunity and inflammation. Autoimmunity reviews, 14(4), 277-285.  

Bourgin, M., Kriaa, A., Mkaouar, H., Mariaule, V., Jablaoui, A., Maguin, E., & 

Rhimi, M. (2021). Bile salt hydrolases: at the crossroads of microbiota and 

human health. Microorganisms, 9(6), 1122.  

Butt, U. D., Khan, S., Liu, X., Sharma, A., Zhang, X., & Wu, B. (2023). Present 

status, limitations, and prospects of using streptomyces bacteria as a potential 

probiotic agent in aquaculture. Probiotics and Antimicrobial Proteins, 1-17.  

Chen D, Waite L, Pierce W. 1999. In vitro effects of zinc on markers of bone 

formation. Biol Trace Elem Res.;68(3):225–34 

Cheng, Y., Liu, X., Chen, F., Rolnik, B. M., Chleilat, F., Ling, Z., ... & Zhou, X. 

(2023). The Roles and Mechanisms of Gut Microbiota in Food Allergy. 

Advanced Gut & Microbiome Research. 

Chouraddi, R., Kumar, S., Gujjalkar, P. R., & Banakar, P. S. (2023). A review on 

probiotics for animals and their mode of action.  

Chowdhury, M. A. H., Ashrafudoulla, M., Mevo, S. I. U., Mizan, M. F. R., Park, S. 

H., & Ha, S. D. (2023). Current and future interventions for improving poultry 

health and poultry food safety and security: A comprehensive review. 

Comprehensive Reviews in Food Science and Food Safety.  



Chapter six ………………………………………………………References 

53 

Clavijo, V., & Flórez, M. J. V. (2018). The gastrointestinal microbiome and its 

association with the control of pathogens in broiler chicken production: a 

review. Poultry science, 97(3), 1006-1021. 

Daval S, Lagarrigue, S2000, Douaire M. Messenger RNA levels and transcription 

rates of hepatic lipogenesis genes in genetically lean and fat chickens. Genet Sel 

Evol.;32(5):1–11. https://doi.org/10.1186/1297-9686-32-5-521.r  

de Freitas, P. N. N., Silva, C. R., Constantin, P. P., Pileggi, S. A. V., Vicari, M. R., & 

Pileggi, M. (2023). Fixing the Damage: The Evolution of Probiotics from 

Fermented Food to Biotherapeutic Products. In A Sustainable Green Future (pp. 

245-276). Springer, Cham.  

De Grande A, Leleu S, Delezie E, Rapp C, De Smet S, Goossens E, Haesebrouck F, 

Van Immerseel F, Ducatelle R. (2020). Dietary zinc source impacts intestinal 

morphology and oxidative stress in young broilers. Poult Sci. 99(1): 441–453. 

Dickinson JM, Fry CS, Drummond MJ, Gundermann DM, Walker DK, Glynn EL, et 

al 2011. Mammalian target of rapamycin complex 1 activation is required for 

the stimulation of human skeletal muscle protein synthesis by essential amino 

acids. J Nutr.;141(5):856–62. 

Ellin, D. M. (2001). Alternatives to Antibiotic use of growth promotion in animal 

husbandry. Food Research Institute Briefings. University of Wisconsin–

Madison. 

Elling-Staats, M. L., Gilbert, M. S., Smidt, H., & Kwakkel, R. P. (2022). Caecal 

protein fermentation in broilers: a review. World's Poultry Science Journal, 

78(1), 103-123. 

Ferguson, J. R., & Taylor, K. (2022). Probiotics for Antibiotic-Associated Diarrhea: 

What, When, and How Long?. International Journal of Clinical Medicine, 

13(12), 571-583.  



Chapter six ………………………………………………………References 

54 

Gajula, S. S., Chelasani, V. K., Panda, A. K., Mantena, V. R., & Savaram, R. R. 

(2011). Effect of supplemental inorganic Zn and Mn and their interactions on 

the performance of broiler chicken, mineral bioavailability, and immune 

response. Biological trace element research, 139(2), 177-187.  

Gammoh, N. Z., & Rink, L. (2017). Zinc in infection and inflammation. Nutrients, 

9(6), 624.  

García-Burgos, M., Moreno-Fernández, J., Alférez, M. J., Díaz-Castro, J., & López-

Aliaga, I. (2020). New perspectives in fermented dairy products and their health 

relevance. Journal of Functional Foods, 72, 104059.  

Gebrayel, P., Nicco, C., Al Khodor, S., Bilinski, J., Caselli, E., Comelli, E. M., ... & 

Edeas, M. (2022). Microbiota medicine: towards clinical revolution. Journal of 

Translational Medicine, 20(1), 1-20. 

Goh, J. X. H., Tan, L. T. H., Law, J. W. F., Khaw, K. Y., Zengin, G., Chan, K. G., ... 

& Goh, B. H. (2023). Probiotics: Comprehensive Exploration of the Growth 

Promotion Mechanisms in Shrimps. Progress In Microbes & Molecular 

Biology, 6(1). 

Gong, Y., Yang, H., Wang, X., Xia, W., Lv, W., Xiao, Y., & Zou, X. (2019). Early 

intervention with cecal fermentation broth regulates the colonization and 

development of gut microbiota in broiler chickens. Frontiers in microbiology, 

10, 1422. 

Goodman-Davis, R., Figurska, M., & Cywinska, A. (2021). Gut Microbiota 

Manipulation in Foals—Naturopathic Diarrhea Management, or 

Unsubstantiated Folly?. Pathogens, 10(9), 1137.  

Hassan, S., Hassan, F. U., & Rehman, M. S. U. (2020). Nano-particles of trace 

minerals in poultry nutrition: potential applications and future prospects. 

Biological Trace Element Research, 195, 591-612 . 



Chapter six ………………………………………………………References 

55 

Hidayat, C., Jayanegara, A., & Wina, E. (2020). Effect of zinc on the immune 

response and production performance of broilers: a meta-analysis. Asian-

Australasian Journal of Animal Sciences, 33(3), 465.  

Hmidet, N., Ali, N. E., Hadder, A., Kanoun, S., Alya, S. K., & Nasri, M. (2009). 

Alkaline proteases and thermostable α-amylase co-produced by Bacillus 

licheniformis NH1, characterization and potential applications as detergent 

additive. Biochemical Engineering Journal, 47, 71– 79 . 

Huang, X., Nie, S., & Xie, M. (2017). Interaction between gut immunity and 

polysaccharides. Critical reviews in food science and nutrition, 57(14), 2943-

2955.  

Hughes, R. L., & Holscher, H. D. (2021). Fueling gut microbes: a review of the 

interaction between diet, exercise, and the gut microbiota in athletes. Advances 

in Nutrition, 12(6), 2190-2215. 

Ismail, H., Ibrahim, D., El Sayed, S., Wahdan, A., El-Tarabili, R. M., Rizk El-

Ghareeb, W., ... & El-Hamid, M. I. A. (2023). Prospective Application of 

Nanoencapsulated Bacillus amyloliquefaciens on Broiler Chickens’ 

Performance and Gut Health with Efficacy against Campylobacter jejuni 

Colonization. Animals, 13(5), 775.  

Jahanian, R., & Rasouli, E. (2015). Effects of dietary substitution of zinc‐methionine 

for inorganic zinc sources on growth performance, tissue zinc accumulation and 

some blood parameters in broiler chicks. Journal of animal physiology and 

animal nutrition, 99(1), 50-58.  

Javanshir, N., Hosseini, G. N. G., Sadeghi, M., Esmaeili, R., Satarikia, F., Ahmadian, 

G., & Allahyari, N. (2021). Evaluation of the Function of Probiotics, 

Emphasizing the Role of their Binding to the Intestinal Epithelium in the 

Stability and their Effects on the Immune System. Biological Procedures 

Online, 23(1), 1-17. 



Chapter six ………………………………………………………References 

56 

Jha, R., Das, R., Oak, S., & Mishra, P. (2020). Probiotics (direct-fed microbials) in 

poultry nutrition and their effects on nutrient utilization, growth and laying 

performance, and gut health: A systematic review. Animals, 10(10), 1863.  

Jiang, Z., Li, M., McClements, D. J., Liu, X., & Liu, F. (2022). Recent advances in the 

design and fabrication of probiotic delivery systems to target intestinal 

inflammation. Food Hydrocolloids, 125, 107438.  

Kadhim, S. A. K. (2022). Effect of supplementation of threonine, zinc and their 

combination on some production traits and intestinal morphology of broiler 

chickens (Doctoral dissertation, University of Kerbela.)  

Kazemi, E., Sourinejad, I., Ghaedi, A., Johari, S. A., & Ghasemi, Z. (2020). Effect of 

different dietary zinc sources (mineral, nanoparticulate, and organic) on 

quantitative and qualitative semen attributes of rainbow trout (Oncorhynchus 

mykiss). Aquaculture, 515, 734529. 

Kersten S. Mechanisms of nutritional and hormonal regulation of lipogenesis. EMBO 

Rep. 2001;2(4):282–6. https://doi.org/10.1093/embo-reports/kve071. 

Khalique, A., Zeng, D., Shoaib, M., Wang, H., Qing, X., Rajput, D. S., ... & Ni, X. 

(2020). Probiotics mitigating subclinical necrotic enteritis (SNE) as potential 

alternatives to antibiotics in poultry. Amb Express, 10, 1-10. 

Kidd MT, Ferket PR, Qureshi MA. Zinc metabolism with special reference to its role 

in immunity. World’s Poult Sci J 1996;52:309-24. 

https://doi.org/10.1079/WPS19960022 

Kimoto‐Nira, H. (2018). New lactic acid bacteria for skin health via oral intake of 

heat‐killed or live cells. Animal Science Journal, 89(6), 835-842.  

Koppinger, M. (2018). Effects of Lactobacillus reuteri Supplementation on Serum 

Cholesterol and Cardiac Damage (Doctoral dissertation, The University of 

Arizona. 



Chapter six ………………………………………………………References 

57 

Kumar, S., Pattanaik, A. K., Jadhav, S. E., & Jangir, B. L. (2023). Lactobacillus 

johnsonii CPN23 vis-à-vis Lactobacillus acidophilus NCDC15 Improves Gut 

Health, Intestinal Morphometry, and Histology in Weaned Wistar Rats. 

Probiotics and Antimicrobial Proteins, 1-16.  

Kurpad, A. V. (2018). Potential of probiotics in hypercholesterolemia: a review of in 

vitro and in vivo findings. Alternative Therapies in Health and Medicine, 24(2), 

36-43.  

Kuter, E., Cengiz, Í., Sevim, Í., Tatlı, O., Ahsan, U., GŘven, G., & Bilgili, S. F. 

(2023). Litter quality and incidence and severity of footpad dermatitis in heat 

stressed broiler chickens fed supplemental zinc. Livestock Science, 267, 

105145.  

La Fata, G., Weber, P., & Mohajeri, M. H. (2018). Probiotics and the gut immune 

system: indirect regulation. Probiotics and antimicrobial proteins, 10(1), 11-21. 

Levkut, M., Fukasová, M., Bobíková, K., Levkutová, M., & Čobanová, K. (2017). 

The effect of inorganic or organic zinc on the morphology of the intestine in 

broiler chickens. Folia Veterinaria, 61(3), 52-56.  

Li, X., Ringø, E., Hoseinifar, S. H., Lauzon, H. L., Birkbeck, H., & Yang, D. (2019). 

The adherence and colonization of microorganisms in fish gastrointestinal tract. 

Reviews in Aquaculture, 11(3), 603-618.  

Li, Z., Zhang, B., Zhu, W., Lin, Y., Chen, J., Zhu, F., & Guo, Y. (2023). Effects of 

nonantibiotic growth promoter combinations on growth performance, nutrient 

utilization, digestive enzymes, intestinal morphology, and cecal microflora of 

broilers. PloS one, 18(3), e0279950.  

Lokapirnasari, W. P., Pribadi, T. B., Al Arif, A., Soeharsono, S., Hidanah, S., 

Harijani, N., ... & Yulianto, A. B. (2019). Potency of probiotics 

Bifidobacterium spp. and Lactobacillus casei to improve growth performance 

and business analysis in organic laying hens. Veterinary world, 12(6), 860.  



Chapter six ………………………………………………………References 

58 

Lokapirnasari, W. P., Pribadi, T. B., Al Arif, A., Soeharsono, S., Hidanah, S., 

Harijani, N., ... & Yulianto, A. B. (2019). Potency of probiotics 

Bifidobacterium spp. and Lactobacillus casei to improve growth performance 

and business analysis in organic laying hens. Veterinary world, 12(6), 860.  

Ma, C., Zhang, S., Lu, J., Zhang, C., Pang, X., & Lv, J. (2019). Screening for 

cholesterol-lowering probiotics from lactic acid bacteria isolated from corn 

silage based on three hypothesized pathways. International journal of molecular 

sciences, 20(9), 2073. 

Ma, X., Qian, M., Yang, Z., Xu, T., & Han, X. (2021). Effects of zinc sources and 

levels on growth performance, zinc status, expressions of zinc transporters, and 

zinc bioavailability in weaned piglets. Animals, 11(9), 2515. 

Mahmood, F., A Al-Farha, A. A. B., & Hameed, H. M. (2023). Influence of Nano-

zinc Oxide and Zinc Sulfate on Some Hematological Values and Liver Function 

in Broiler Under High Ambient Temperature. Egyptian Journal of Veterinary 

Sciences, 54(3), 491-501.  

Mansilla, F. I., Ficoseco, C. A., Miranda, M. H., Puglisi, E., Nader-Macías, M. E. F., 

Vignolo, G. M., & Fontana, C. A. (2022). Administration of probiotic lactic 

acid bacteria to modulate fecal microbiome in feedlot cattle. Scientific Reports, 

12(1), 12957.  

Mazziotta, C., Tognon, M., Martini, F., Torreggiani, E., & Rotondo, J. C. (2023). 

Probiotics Mechanism of Action on Immune Cells and Beneficial Effects on 

Human Health. Cells, 12(1), 184.  

McClements, D. J., & McClements, D. J. (2019). Feeding the world inside us: our gut 

microbiomes, diet, and health. Future Foods: How Modern Science Is 

Transforming the Way We Eat, 203-231.  



Chapter six ………………………………………………………References 

59 

Meghrazi, K., Sabet, M. S., Kheradmand, F., & Akhgar, M. (2017). A Research on the 

Level of Zinc and Copper in the Hair of Students with Lower IQ. Zahedan 

Journal of Research in Medical Sciences, 19(12). 

Mishra, J., Stubbs, M., Kuang, L., Vara, N., Kumar, P., & Kumar, N. (2022). 

Inflammatory bowel disease therapeutics: A focus on probiotic engineering. 

Mediators of Inflammation, 2022.  

Mitra, S., Paul, S., Roy, S., Sutradhar, H., Bin Emran, T., Nainu, F., ... & Mubarak, M. 

S. (2022). Exploring the immune-boosting functions of vitamins and minerals 

as nutritional food bioactive compounds: a comprehensive review. Molecules, 

27(2), 555.  

Mohammadi, F., Ahmadi, F., & Andi, M. A. (2015). Effect of zinc oxide 

nanoparticles on carcass parameters, relative weight of digestive and lymphoid 

organs of broiler fed wet diet during the starter period. International Journal of 

Biosciences, 6(2), 389-394.  

Mohd Yusof, H., Rahman, A., Mohamad, R., Zaidan, U. H., & Samsudin, A. A. 

(2023). Influence of Dietary Biosynthesized Zinc Oxide Nanoparticles on 

Broiler Zinc Uptake, Bone Quality, and Antioxidative Status. Animals, 13(1), 

115.  

Morrison, D. J., & Preston, T. (2016). Formation of short chain fatty acids by the gut 

microbiota and their impact on human metabolism. Gut microbes, 7(3), 189-

200. 

Muttathettu, V. A., & Anitha, P. (2023). Biological prospects and potential of 

nanoparticles in animal nutrition. In Applications of Multifunctional 

Nanomaterials (pp. 525-541). Elsevier.  

Mwangi, S., Timmons, J., Ao, T., Paul, M., Macalintal, L., Pescatore, A., ... & 

Dawson, K. A. (2017). Effect of zinc imprinting and replacing inorganic zinc 



Chapter six ………………………………………………………References 

60 

with organic zinc on early performance of broiler chicks. Poultry Science, 

96(4), 861-868. 

Naz, S., Idris, M., Khalique, M. A., Zia-Ur-Rahman, Alhidary, I. A., Abdelrahman, 

M. M., ... & Ahmad, S. (2016). The activity and use of zinc in poultry diets. 

World's Poultry Science Journal, 72(1), 159-167. 

Ney, L. M., Wipplinger, M., Grossmann, M., Engert, N., Wegner, V. D., & Mosig, A. 

S. (2023). Short chain fatty acids: key regulators of the local and systemic 

immune response in inflammatory diseases and infections. Open Biology, 13(3), 

230014. 

Nezamdoost-Sani, N., Khaledabad, M. A., Amiri, S., & Khaneghah, A. M. (2023). 

Alginate and derivatives hydrogels in encapsulation of probiotic bacteria: An 

updated review. Food Bioscience, 102433.  

Ngunyangi, E. N. (2019). Efficacy of probiotics in Kenya on growth, feed intake, 

efficiency in broilers and immune response and their antibiobic properties 

(Doctoral dissertation, Egerton University.)  

Nguyen, H. T. T., Morgan, N., Roberts, J. R., Wu, S. B., Swick, R. A., & Toghyani, 

M. (2021). Zinc hydroxychloride supplementation improves tibia bone 

development and intestinal health of broiler chickens. Poultry Science, 100(8), 

101254. 

Oak, S. J., & Jha, R. (2019). The effects of probiotics in lactose intolerance: A 

systematic review. Critical reviews in food science and nutrition, 59(11), 1675-

1683.  

Obianwuna, U. E., Agbai Kalu, N., Wang, J., Zhang, H., Qi, G., Qiu, K., & Wu, S. 

(2023). Recent Trends on Mitigative Effect of Probiotics on Oxidative-Stress-

Induced Gut Dysfunction in Broilers under Necrotic Enteritis Challenge: A 

Review. Antioxidants, 12(4), 911.  



Chapter six ………………………………………………………References 

61 

Ohashi, W., & Fukada, T. (2019). Contribution  of zinc and zinc transporters in the 

pathogenesis of inflammatory bowel diseases. Journal of immunology research, 

2019.  

Onrust, L., Ducatelle, R., Van Driessche, K., De Maesschalck, C., Vermeulen, K., 

Haesebrouck, F., ... & Van Immerseel, F. (2015). Steering endogenous butyrate 

production in the intestinal tract of broilers as a tool to improve gut health. 

Frontiers in veterinary science, 2, 75.  

Ortega, M. A., Fraile-Martínez, Ó., García-Montero, C., Alvarez-Mon, M. A., Lahera, 

G., Monserrat, J., ... & De Mon, M. A. (2022). Biological role of nutrients, food 

and dietary patterns in the prevention and clinical management of major 

depressive disorder. Nutrients, 14(15), 3099.  

Palkovicsné Pézsa, N. (2023). Evaluation of probiotics on porcine intestinal epithelial 

cells.  

Pan, D., & Yu, Z. (2013). Intestinal microbiome of poultry and its interaction with 

host and diet. Gut microbes, 5(1), 108-119.Patel, K. P., & Katole, S. B. (2023). 

Antibiotic Growth Promoters and Their Alternatives. Indian Farmer, 10 (3), 60, 

66.  

Piccioni, A., Covino, M., Candelli, M., Ojetti, V., Capacci, A., Gasbarrini, A., ... & 

Merra, G. (2023). How Do Diet Patterns, Single Foods, Prebiotics and 

Probiotics Impact Gut Microbiota?. Microbiology Research, 14(1), 390-408.  

Plazy, C. (2022). Mise en évidence d'immunomodulations médiées par les 

métabolites: de l'identification à l'application en contexte infectieux (Doctoral 

dissertation, Université Grenoble Alpes [2020 -.)]....  

Qu, J., Zuo, X., Xu, Q., Li, M., Zou, L., Tao, R., ... & Li, R. (2023). Effect of Two 

Particle Sizes of Nano Zinc Oxide on Growth Performance, Immune Function, 

Digestive Tract Morphology, and Intestinal Microbiota Composition in 

Broilers. Animals, 13(9), 1454.  



Chapter six ………………………………………………………References 

62 

Rajput, D. S., Zeng, D., Khalique, A., Rajput, S. S., Wang, H., Zhao, Y., ... & Ni, X. 

(2020). Pretreatment with probiotics ameliorate gut health and necrotic enteritis 

in broiler chickens, a substitute to antibiotics. AMB Express, 10, 1-11. 

Ravindran, V., & Abdollahi, M. R. (2021). Nutrition and digestive physiology of the 

broiler chick: State of the art and outlook. Animals, 11(10), 2795. 

Rawal, S., & Ali, S. A. (2023). Probiotics and postbiotics play a role in maintaining 

dermal health. Food & Function.  

Rizvi, S. F. A., Wasim, B., Usman, S., Borges, K. J. J., Sahibdad, I., Salim, A., & 

Khan, I. (2022). Zinc and hypoxic preconditioning: a strategy to enhance the 

functionality and therapeutic potential of bone marrow-derived mesenchymal 

stem cells. Molecular and Cellular Biochemistry, 1-15.  

Roselli, M., Canali, R., Finamore, A., Ghiselli, A., & Devirgiliis, C. (2022). Immune 

System, Gut Microbiota and Diet: An Interesting and Emerging Trialogue. In 

Immunology of the GI Tract-Recent Advances. IntechOpen 

Roy, B. C., & Ray, B. C. (2023). Potentiality of Saccharomyces cerevisiae in 

replacing antibiotic growth promoters on growth, gut microbiology, histology, 

and serum antibody titers of commercial broilers. Journal of Applied Poultry 

Research, 100352.  

Russell, J. B.; Diez-Gonzalez, F. (1998). The effects of fermentation acids on bacterial 

growth. J. Adv. Microb. Physiol., 39: 205–234 . 

Ryan, J., Narasimha, S., Pattison, R., Zackria, R., Ghobrial, Y., Basit, S. A., ... & 

Shih, D. (2023). Translation of Immunomodulatory Effects of Probiotics into 

Clinical Practice.  

Salvi, P. S., & Cowles, R. A. (2021). Butyrate and the intestinal epithelium: 

modulation of proliferation and inflammation in homeostasis and 

disease. Cells, 10(7), 1775. 



Chapter six ………………………………………………………References 

63 

Sangamesh, N. C., Ingle, E., Singh, P., Bajoria, A. A., Mishra, S., & Shivakumar, G. 

C. (2022). The Role Of Probiotics As Viable Alternative Therapy In Prevention 

Of Oral Candidiasis–A Systematic Review. Journal of Positive School 

Psychology, 3254-3262.  

Santovito, E., Greco, D., Logrieco, A. F., & Avantaggiato, G. (2018). Eubiotics for 

food security at farm level: Yeast cell wall products and their antimicrobial 

potential against pathogenic bacteria. Foodborne Pathogens and Disease, 15(9), 

531-537.  

Shannon, M. C., and G. M. Hill. 2019. Trace mineral supplementation for the 

intestinal health of young monogastric animals. Front. Vet. Sci. 6:73. 

Skrajnowska, D., & Bobrowska-Korczak, B. (2019). Role of zinc in immune system 

and anti-cancer defense mechanisms. Nutrients, 11(10), 2273.  

Sunder, G.S., Vijay Kumar, C.H., Panda, A.K., Raju, M.V.L.N. and RAMA RAO, 

S.V. (2012) Effect of supplemental organic Zn and Mn on broiler performance, 

bone measures, tissue mineral uptake and immune response at 35 days of age. 

Current Research of Poultry Science 3: 1-11.  

Suthama, N., Sukamto, B., Mangisah, I., & Krismiyanto, L. (2023). Antioxidant 

Enzymes and Growth of Broiler Fed Microparticle Protein Diet with Inulin or 

Lactobacillus acidophillus Supplementation. Tropical Animal Science Journal, 

46(1), 97-104.  

Syed, B., Wein, S., & Ruangapanit, Y. (2020). The Efficacy of Synbiotic Application 

in Broiler Chicken Diets, Alone or in Combination with Antibiotic Growth 

Promoters on Zootechnical Parameters. Journal of World's Poultry 

Research, 10(3), 469-479.  

Tabashsum, Z., Scriba, A., & Biswas, D. (2023). Alternative approaches to 

therapeutics and sub-therapeutics for sustainable poultry production. Poultry 

Science, 102750.  



Chapter six ………………………………………………………References 

64 

Tesseraud, S., Everaert, N., Ezzine, S. B. O., Collin, A., Métayer-Coustard, S., & 

Berri, C. (2011). Manipulating tissue metabolism by amino acids. World's 

poultry science journal, 67(2), 243-252. 

Tomaszewska, E., Muszyński, S., Dobrowolski, P., Kwiecień, M., Winiarska-

Mieczan, A., Świetlicka, I., & Wawrzyniak, A. (2017). Effect of zinc level and 

source (zinc oxide vs. zinc glycine) on bone mechanical and geometric 

parameters, and histomorphology in male Ross 308 broiler chicken. Brazilian 

Journal of Poultry Science, 19, 159-170.  

Tseng, K. C., Huang, H. T., Huang, S. N., Yang, F. Y., Li, W. H., Nan, F. H., & Lin, 

Y. J. (2023). Lactobacillus plantarum isolated from kefir enhances immune 

responses and survival of white shrimp (Penaeus vannamei) challenged with 

Vibrio alginolyticus. Fish & Shellfish Immunology, 135, 108661.  

Wan, Y., & Zhang, B. (2022). The impact of zinc and zinc homeostasis on the 

intestinal mucosal barrier and intestinal diseases. Biomolecules, 12(7), 900. 

Xu, H., Lu, Y., Li, D., Yan, C., Jiang, Y., Hu, Z., ... & Wang, Y. (2023). Probiotic 

mediated intestinal microbiota and improved performance, egg quality and 

ovarian immune function of laying hens at different laying stage. Frontiers in 

Microbiology, 14.  

Xu, L., Liu, B., Huang, L., Li, Z., Cheng, Y., Tian, Y., ... & Xie, L. (2022). Probiotic 

consortia and their metabolites ameliorate the symptoms of inflammatory bowel 

diseases in a colitis mouse model. Microbiology Spectrum, 10(4), e00657-22.  

Yadav, A. S., Kolluri, G., Gopi, M., Karthik, K., & Singh, Y. (2016). Exploring 

alternatives to antibiotics as health promoting agents in poultry-a review. J Exp 

Biol, 4(3s), 368-383.  

Yenice E, Mızrak C, Gültekin M, Atik Z, Tunca M. Effects of organic and inorganic 

forms of manganese, zinc, copper, and chromium on bioavailability of these 



Chapter six ………………………………………………………References 

65 

minerals and calcium in late-phase laying hens. Biol Trace Elem Res. 

2015;167(2):300–7 

Yusof, H. M., Mohamad, R., Zaidan, U. H., & Samsudin, A. A. (2023). Influence of 

Dietary Biosynthesized Zinc Oxide Nanoparticles on Broiler Zinc Uptake, Bone 

Quality, and Antioxidative Status. Animals, 13(1), 115.  

Zhang, L., Yang, L., & Chu, H. (2023). Targeting Gut Microbiota for the Treatment of 

Primary Biliary Cholangitis: From Bench to Bedside. Journal of Clinical and 

Translational Hepatology, (000), 0-0.  



 

 

 

 

 

 

 

 

 

Appendices 

 



 

 

Appendix I 

Newcastle Disease Virus Antibody titer: 

Preparation  

1) Bring ELISA reagents to the room temperature (20-25℃) for 30 min to get 

best results.  

2) Sample dilution: use the sample diluent to dilute the sample at 40 times(for 

example: 5ul serum sample+195ulSample diluent solution), mix the diluted 

sample evenly can get better result.  

3) Washing solution preparation: Dilute the10×concentrated washing buffer 

with deionized water at10 times.(eg.10ml 10×concentrated washing buffer + 

90mldeionized water ), if there is crystallization in the 10×concentrated washing 

buffer, it is normal, dissolve it at 37℃.  

Test procedure  

1. Adding sample: Take out the required coated plates according to sample 

quantity (Can be detached)and record the sample position on a worksheet. Set 2 

wells for negative control serum and 2 wells for positive control serum, add 

undiluted negative and positive control serum to its well accordingly, 

100μL/well. Others are sample wells, addthediluted sample,100 μl/well.  

2. Incubation: cover withAdhesive Foil after adding sample,incubate 

at37℃for30 min.  

3. Remove adhesive foil. Pour the liquid out of the wells, add Washing solution 

into each well fully, be static for about 10s, pour out directly. Repeat 3 times, at 

last time pat to dry on absorbent paper.  

4. Add 100μL enzyme conjugate into each well.  

5. Cover with adhesive foil andincubate at37℃for30 min.  

6. Repeat step 3.  



 

 

7. Add100μL substrate into each well, mix properly,Color for 10 min at37℃in 

the dark.  

8. Add 50μL stop solution into each well, shake evenly for 10s, and determine 

the result.  

9. Read OD value of each well with ELISA Reader at double-wave length: 

450/630nm. 

Appendix II 

 Infectus Bursa Disease Virus Antibody titer 

reparation 

 Bring ELISA reagents to the room temperature (20-25 ℃) for 30 min to 

get best results. 

 Sample dilution: use the sample diluent to dilute the sample at 40 times, 

mix the diluted sample evenly can get better result. 

 Washing solution preparation: Dilute the 20×concentrated washing buffer 

with deionized water at 20 times. 

Test procedure 

1. Adding sample: Take out the required coated plates according to sample 

quantity (Can be detached) and record the sample position on a worksheet. 

Set 2 wells for negative control serum and 2 wells for positive control 

serum, add undiluted negative and positive control serum to its well 

accordingly, 100 μL/well. Others are sample wells, add diluted sample, 

100μl/well (both single-well and double-well test is OK). 

2. Incubation: cover with Adhesive Foil after adding sample,incubate at 

37℃for 30 min. 



 

 

3. Remove adhesive foil. Pour the liquid out of the wells, add the diluted 

Washing solution into each well fully, be static for 10s, pour out directly. 

Repeat 3 times, at last time pat to dry on absorbent paper. 

4. Add 100 μL enzyme conjugate into each well. 

5. Cover with adhesive foil andincubate at 37℃for 30 min.  

6. Repeat step 3. 

7. Add 100 μL substrate into each well, mix properly,Color for 10 min at 

37℃in the dark. 

8. Add 50uL stop solution into each well, shake for 10s, and determine the 

result. 

9. Read OD value of each well with ELISA Reader at double-wave length: 

450/630nm. 

 

Appendix III 

Content of Mg in meat 

PRINCIPLE 

Magnesium forms a purple chelate with Xylidyl Blue-I at an alkaline pH. The 

intensity of this colored complex is proportional to the magnesium 

concentration in the sample and is measured at 660 nm. 

SAMPLE PREPARATION 

1. Serum or plasma 

    Insoluble substances in serum and plasma samples should be removed by 

filtration or centrifugation. EDTA-plasma samples cannot be used as EDTA 

interferes with this assay. 

2. Tissue extracts, cell lysates, and other samples such as urine or other 

biological fluids: 

     If the sample is turbid, centrifuge at 6,000 rpm for 15 min. Collect the 



 

 

supernatant and use for the assay 

If necessary, add small amounts of 6M HCl to the sample and adjust pH to 2.0 - 

3.0. For example, add ~5-10 μL of 6M HCl per 1 mL of sample. 

3. Tissue samples 

     Add 5% TCA solution, vortex 1 min. and incubate at 4 - 8°C for 30 min. 

Centrifuge at 6,000 rpm for 15 min. Collect the supernatant and use for the 

assay. 

ASSAY PROTOCOL (Microplate and Microplate Reader) 

(Total reaction volume = 253 μL) 

1. Add 3 μL of Blank (purified water), Magnesium Calibrator, or Sample to 

each 

well. 

2. Add 250 μL of Chromogen to each well, mix, and incubate at room 

temperature 

for 5 minutes. Mix carefully using a pipette to avoid foaming. If a plate mixer is 

used for mixing, there is a risk of obtaining poor reproducibility. 

3. Read the OD absorbance at 660 nm. 

 

CALCULATION OF SAMPLE CONCENTRATION 

OD sample - OD blank 

----------------------------------- x 2 = Magnesium (mg/dL) 

OD calibrator - OD blank 



 

 

Appendix IV 

Content of Cu in meat 

PRINCIPLE OF TEST 

     The chromogen 3,5-Di-Br-PAESA react with cupric ions and forming a 

blue-violet compound, which intensity is proportional to the copper 

concentration in the sample. The method does not require de-proteinization of 

the serum nor the blank sample. 

REAGENTS PREPARATION 

Prepare the Work Reagent mixing in equal quantity the Reagent A with Reagent 

B. Reagents are stored at 2-8°C and are stable until expiration date on label. 

Work Reagent is stable 20 days at room temperature. 

 

CALCULATION: 

 

 

 

 

 

 



 

 

Appendix IV 

Content of Zn in meat 

PRINCIPLE OF TEST 

 Zinc reacts with the chromogen present in the reagent forming a coloured 

compound which colour intensity is proportional to the zinc concentration 

present in the sample. 

SAMPLE PREPARATION 

1. Serum or plasma 

    Insoluble substances in serum and plasma samples should be removed by 

filtration or centrifugation. EDTA-plasma samples cannot be used as EDTA 

interferes with this assay. 

2. Tissue extracts, cell lysates, and other samples such as urine or other 

biological fluids: 

     If the sample is turbid, centrifuge at 6,000 rpm for 15 min. Collect the 

supernatant and use for the assay 

If necessary, add small amounts of 6M HCl to the sample and adjust pH to 2.0 - 

3.0. For example, add ~5-10 μL of 6M HCl per 1 mL of sample. 

3. Tissue samples 

     Add 5% TCA solution, vortex 1 min. and incubate at 4 - 8°C for 30 min. 

Centrifuge at 6,000 rpm for 15 min. Collect the supernatant and use for the 

assay. 

REAGENTS PREPARATION 

Prepare the Work Reagent mixing in equal quantity the Reagent A with Reagent 

B. Reagents are stored at 2-8°C and are stable until expiration date on label. 

Work Reagent is stable 20 days at room temperature. 

 

 



 

 

 

CALCULATION: 

Zn mg/dl = [A(sample) / A(standard)] x 200 

 

Appendix IV 

Content of Fe in meat 

 

 PRINCIPLE  

The method is based on the properties of Chromazurol S (CAS), a chromogenic 

iron-binding dye, that under acidic conditions in presence of cetrimide (CTAB) 

forms an intense purple complex proportional to the concentration of iron 

present in the sample 

 

 

 PROCEDURE  

1. Bring reagents and samples to room temperature.  

2. Pipette into labelled test tubes: 

 

 



 

 

 

3-Mix and let the tubes stand 10 minutes at 37ºC. 

4- Read the absorbance (A) of the samples and the standard at 635 nm against 

the reagent blank.   

 

 Appendix  IIV 

Histological examination 

Histological sampling were collected from each replicate at 35 days. Section 

from the middle of duodenum, jejunum and ileum (about 0.6 cm in length) were 

excised longitudinally at the antimesenteric attachment and gently flushed with 

NaCl (9 g.L-1). These samples were fixed in a solution of formalin buffer (90 

mL.L-1 ) for 12 to24 h at 4 oC, then rinsed and stored in 70% ethanol at 4 oC 

until analysis. Villi and crypts were carefully individualized under a dissecting 

microscope. The preparation were then mounted between slides and coverslips, 

with addition of an aqueous agent for microscopy (Aqua mount improved gun, 

VWR, West Chester, PA). Ten villi and 10 crypts of Lieberkühn from each 

segment of each bird were measured using an optical microscope. The sample 

of duodenum, jejunum and ileum of 2 birds from each line, representative of the 

population on the basis of BW, were rehydrated with PBS and stored at 4 o C 

until analysis.  

Each sample was then embedded in medium in liquid nitrogen, cut at – 20 o C 

into –um-thick cross-section using a cryostat, and placed on gelatine –treated 

glass slides. Three cross-sections were obtained from each sample for further 

and observation. A routine procedure was carried out using Meyer hemalun and 

eosin (Sigma Chemical Company). The preparation were then mounted between 

slides and coverslips with the addition of an aqueous agent for microscopy.  



 

 

The slides were examined using an optical microscope. Fitted with a video 

camera and the images were analysis software (FiJi version 2.0,).Two images of 

each section were captured for each sample with a final manification of 10 x . 

 

 

 

 

 

 

 

 

 



 

 

 الخلاصت: 

 .الاكثز اضسفت فٙ اػلاف انذٔاخٍ ْٕٔ ,شكسل انحٛسِأطسطٙ ندًٛغ الاغذائٙ انؼُظز انْٕٔ انشَك       

ْذفج ْذِ انذراطت انٗ حؼشٚش  .فٙ انحفسظ ػهٗ طحّ اندٓسس انٓضًٙنهًظسػذة  ٘انًؼشس انحٕٛحظخخذو 

بشٚسدِ يظسحّ نهطٛز  انًُسػٛت انحسنتٔ الاَخسخٙ نخحظٍٛ الاداء انهحىاندٓسس انٓضًٙ فٙ دخسج  طحت

 فٙ ػضلاث انظذر .انبزٔحٍٛ  سٚسدِفٙ الايؼسء  انشغبسث

َفذث انخدزبت فٙ ٔ  ( 2023-2-27انٗ  23/1/2023)كسَج فخزِ انخدزبت خًظّ اطسبٛغ حبذأ يٍ      

بشكم ػشٕائٙ   (Ross 308)ػهٗ انخٕانٙ ػًز ٕٚو ٔاحذ َٕع  فزخ 200قسػّ خسطّ حى حقظٛى اخًسنٙ 

كم يدًٕػّ يقظًّ انٗ يدًٕػخٍٛ ححخٕ٘   فزخس 50حخكٌٕ كم يدًٕػّ يٍ  تيدسيٛغ يخظسٔٚ 4نٗ ا

( (T2انًدًٕػت انثسَٛت ,((T1يدًٕػّ انظٛطزة غذٚج ػهٗ ػهٛقّ اطسطّٛ بذٌٔ اضسفسث  فزخس 25ػهٗ 

غذٖ ػهٗ ( حخ(T3انًدًٕػت انثسنثت ,يٍ انؼهف غى/كغى1,5 كحخغذٖ ػهٗ انؼهٛقت الأطسطٛت يضسف نٓس انشَ

حًج حغذٚخٓس ػهٗ انؼهٛقت الأطسطٛت  T4) )بًُٛس يدًٕػّ انخهٛظ ,يٍ انؼهف غى/كغى1 ٘انًؼشس انحٕٛ

 .٘انًؼشس انحٕٛغى/ كغى يٍ  1غى /كغى ٔ  1,5يضسف نٓس خهٛظ يٍ انشَك 

حى خًغ ػُٛسث يٍ الايؼسء فٙ انٕٛو انخسيض ٔانثلاثٍٛ يٍ انذراطت ػٍ طزٚق اخذ ػُّٛ يٍ َظٛح       

ٓزث ظا,فٙ الايؼسء انذقٛقت  ٔانُظٛدٛت انشكهٛتلاثُٙ ػشز ٔانظسئى ٔانهفسئف نًلاحظّ ٔفحض انخغٛزاث ا

حسنّ ان ٔححظٍ ثسانشغسب يظسحتٍ ٓزث ححظظ, كًس اانخبسٚس فٙ ػزع ححظُس اث انُظٛدٛت انخغٛز

يقسرَّ يغ يدًٕػّ انظٛطزة بسلإضسفت  (P≤0.05)يؼُّٕٚ  انخهٛظ بظٕرة يدًٕػتيؼسء فٙ نلا تٛظحان

انخحٕٚم يؼسيم ٔ انًظخٓهك انحٙ ٔكًّٛ انؼهف طظ ٔسٌ اندظى فٙ يخٕ (P≤0.05)انٗ سٚسدِ يؼُّٕٚ 

بلاضسفت انٗ ححظٍ فٙ ٔسٌ الاػضسء يقسرَّ بسنًدًٕػسث الاخزٖ .  انخهٛظ انغذائٙ  بسنًدًٕػت 

اندظى نهطٛز ٔ سٚسدة فٙ كًٛت انطبقت انًخسطٛت انذاخهٛت انظسنحت نلاكم بظٕرة خٛذة يقسرَت يغ ٔسٌ 

 .نلايؼسء بهًقسرَت يغ انًدسيٛغ الاخزٖ 

انُٕٛكسطم  يزع ؼٛسر الاخظسو انًضسدة ضذيٓزث ْذِ انًدًٕػت سٚسدِ يؼُّٕٚ فٙ ظٔبسنًثم ا    

يدًٕػت نهدظى خسطّ  انًفٛذةيزع انكٕيبٕرٔ  ٔحى فحض ٔقٛسص َظبّ ايخظسص انؼضلاث نهًؼسدٌ ٔ

ٔحبٍٛ سٚسدِ حظُٛغ انبزٔحٍٛ بسنؼضلاث ػٍ طزٚق سٚسدِ فٙ ٔسٌ انذبٛحت ٔالاحشسء انؼضهٛت   ٛظانخه

 خسطّ انقهب.

غى/ كغى 1 انًؼشس انحٕٛ٘يغ  يٍ انؼهف ى نكم كغىغ 1,5ػًهُس بسطخخذاو يشٚح انشَك  بسخخظسر ٕٚطٙ

 فٙ ػهٛقّ انذخسج انلاحى .يٍ انؼهف 

 

 



 

 

 

 

 

 
 جمهىرٌه العراق  

 ٍم العالً والبحث العلمًوزارة التعل

 جامعه كربلاء 

 كلٍه الطب البٍطري 

 فرع الصحه العامه

 

 ,هالإنتاجٍالصفاث  بعض علىوخلٍطهما  المعسز الحٍىي ي,تأثٍر السنك العضى

 .اللحم لفروج والاعضاء المأكىلت الأنسجت المعىٌت, الاستجابت المناعٍت

 

 زطسنتان

درخت انًسخظخٛز فٙ  َٛم خطهبسثيٍ ي كدشءخسيؼت كزبلاء انٗ يدهض كهٛت انطب انبٛطز٘ فٙ يقذيت 

 انظحت انؼسيت /ػهٕو انطب انبٛطز٘

 

 يٍ قبم

 ٍلانهسارة سعٍد 
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