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INTRODUCTION 



I. INTRODUCTION 

Indian Poultry Industry is one of the fastest growing segments of the agricultural 

sector today in India. It is growing at around 8-10 per cent annually over the last decade 

with broiler meat production growing at more than 10 per cent while table egg at 5-6 per 

cent, driven by increased domestic consumption.  The Indian Poultry Industry has 

undergone a paradigm shift in structure and operation. A very significant feature of 

India's poultry industry is its transformation from a mere backyard activity into a major 

commercial activity in just about four decades. Farmers in India have moved on from 

rearing country birds in the past to rearing hybrid varieties that ensure faster growth of 

chicks, higher eggs per bird, increased hatchability, low mortality rates, improved feed 

conversion ratio (FCR), consequently a more sustainable enterprise to the poultry 

farmers.  

Ensuring feed availability at affordable price remains the key concern for the 

poultry industry with more than 70 per cent of production cost being in the form of feed. 

Nevertheless, the quality of the feed also plays a major role in poultry production. 

Micronutrients being vital components, unless the poultry diet is well formulated and 

balanced, it is likely that deficiencies will occur. Minerals play a role in important 

functions viz., bone formation, formation of blood cells, blood clotting, enzyme activation 

and metabolism. The functions performed by minerals can only be fulfilled if sufficient 

amounts of the ingested minerals are absorbed and retained to keep pace with growth, 

development and reproduction and to replace minerals that are lost as products, such as 

meat or eggs. Natural feedstuffs such as corn, wheat, soybean meal, rice bran etc. contain 
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essential minerals. However, these trace elements are often in a form which renders them 

unavailable to the bird or may not be in adequate concentrations. Hence, most of the 

minerals must be added to the diet for optimal growth and egg production. 

Minerals are often divided into two categories, based on the amount that is 

required to be incorporated in the diet. Requirements for major or macro minerals usually 

are expressed as a percentage of the diet, whereas, requirements for minor, or trace 

minerals are expressed as milligrams per kilogram of diet or as parts per million. Twenty 

two mineral elements are believed to be essential for animal life, out of which, Cr is also 

considered as a trace mineral (Underwood, 1981). Trace elements function as part of 

larger organic molecules. e.g. Iron is a part of hemoglobin and cytochromes, iodine is a 

part of thyroxine, copper, manganese, selenium and zinc function as essential accessory 

factors to enzymes. 

The fact that Cr is an essential mineral was first demonstrated by Schwarz and 

Mertz (1959) in rats and in humans in 1977 (Jeejebhoy et al., 1977). Chromium (Cr) has 

been considered an essential nutrient for humans and animals for approximately 45 years. 

Despite over five decades of endeavour, the role of Cr at molecular level has been a 

poorly understood field of study. Chromium, which exists in nature mostly in the 

trivalent form (Cr
+3

), is thought to be essential for activating certain enzymes and for 

stabilizing proteins and nucleic acids. Its primary role in metabolism, however, is to 

potentiate the action of insulin, one of the most important anabolic hormones, through its 

presence in an organometallic molecule called glucose tolerance factor (GTF). GTF 

consists of one atom of Cr
3+

 bound to several molecules of niacin and amino acids found 
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in glutathionine (glutamic acid, glycine and cysteine). Without Cr
3+

 at its core, GTF is 

inactive (Anderson, 1987). Insulin regulates energy production, muscle tissue deposition, 

fat metabolism and cholesterol utilization. At low insulin level, glucose cannot be utilized 

by body cells, it is converted into fat and stored in fat cells. Further, if adequate amino 

acids cannot enter the cells, muscles cannot be built.  

Evidence for the importance of chromium has been obtained primarily from 

research and clinical investigations with humans and laboratory animals. People who 

received parentral nutrition and those who were type II diabetics responded well to 

chromium supplementation. It has been reported that Cr supplementation to diets of 

healthy rats and humans improves glucose tolerance and insulin binding, therefore 

normalizing blood glucose levels. Besides, chromium plays essential role for normal 

metabolism of carbohydrates, proteins and lipids in human and livestock.  Research also 

has shown that supplemental dietary Cr is beneficial for humans and laboratory animals 

undergoing various kinds of stress. Dietary Cr supplementation has been shown to have a 

positive effect on growth rate, feed efficiency, egg production, meat quality and 

immunity in poultry (Pechova and Pavlata, 2007). 

Inorganic forms of Cr, such as that present in chromic chloride (CrCl3 as 

heptahydrate) and chromic oxide (Cr2O3), are absorbed poorly. Complexing chromium to 

organic molecules can influence its availability. Organic chromium complexes, such as 

chromium picolinate (CrPic), chromium nicotinate appeared to have better effects. A 

number of experiments have been conducted to study the effects of Cr from different 

chemical forms, such as chromium picolinate (CrPic), CrCl3, chromium nicotinate, 
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chromium yeast and chromium propionate on growth, immune, and body composition in 

various animals. However, the results are inconsistent. Researchers proposed that the 

variation in the effects may be due to the variable absorption of different forms of Cr.  

The nanoparticle, ranging in size from 10–100 nm exhibits new electrical, 

magnetic, mechanical, and biological properties (Gref et al., 1994), which have been 

determined as critical factors influencing particle uptake (Delie, 1998). Therefore, the 

new phenomena and properties of nanoparticles may have unique potential applications. 

In previous works, chromium nanoparticles were shown to produce beneficial 

effects on growth performance, body composition, resulting in increase in tissue Cr 

concentration. Additionally, they have been shown to enhance Cr digestibility and 

absorption in rats and mineral retention in poultry (Sirirat et. al., 2012). However, 

comparative studies in poultry evaluating the organic form and Nano form of Cr for their 

effect on growth performance, meat quality, egg production, bio availability and Cr 

enrichment in tissues are very limited. In this view, the present study was undertaken in 

dual purpose chicken to evaluate the effects of  supplementing chromium yeast  and Nano 

chromium with the following objectives: 

1. To evaluate the effects of supplementation of chromium yeast and Nano 

chromium on growth, egg production, meat and egg quality traits and immune 

status of birds. 

2. To assess the value addition of meat and eggs with chromium enrichment. 



 

 



II REVIEW OF LITERATURE 

2.1 Essential minerals 

All animal and plant tissues contain widely varying amounts and proportions of 

mineral elements, which largely remain as oxides, carbonates, phosphates and sulfates in 

the ash after ignition of organic matter. By 1981, twenty two mineral elements were 

believed to be essential for animal life: seven major or macronutrient minerals, which 

include calcium, phosphorus, potassium, sodium, chlorine, magnesium and sulphur  and 

15 trace or micronutrient mineral elements and they are iron, iodine, zinc, copper, 

manganese, cobalt, molybdenum, selenium, chromium, tin, vanadium, fluorine, silicon, 

nickel and arsenic (Underwood, 1981). Chromium (Cr) has been considered an essential 

nutrient for humans and animals for approximately 45 years.  

2.2 Chromium  

Elemental chromium (Cr) was discovered in crocoite (PbCrO4) by Vaquelin in 

1798 (Barceloux, 1999). Carcinogenic effects of hexavalent Cr were discovered towards 

the end of the 19
th

 century, when nose tumours in workers handling chromium pigments 

in Scotland were described (Cohen et al. 1993). In 1930s, case studies focusing on lung 

cancer incidence in workers handling Cr were published and lung cancer was recognised 

as an occupational disease in these workers in Germany during 1936. Since then, Cr has 

been studied especially as a mineral with toxic effect on the organism.  

The essentiality of Cr was first demonstrated by Schwarz and Mertz (1959) in rats 

and the essentiality of Cr was demonstrated in humans in 1977 (Jeejebhoy et al., 1977). 
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In the years to follow, papers on Cr in human nutrition in all kinds of clinical and stress 

situations were published, the main focus being on the association between Cr and 

diabetes mellitus, for type 2 diabetes (Rabinowitz et al., 1983). A number of animal trials 

were performed as well. It was as late as in the 1990s, studies revealed that Cr is an 

essential mineral in livestock animals (cattle, sheep, horses, pigs and poultry). 

Chromium exists in nature mostly in the trivalent (Cr
+3

) form. Chromium (Cr
+3

) 

has been shown to have antioxidant properties in vivo (Tezuka et al., 1991), and it is 

integral in activating enzymes and maintaining the stability of proteins and nucleic acids 

(Borel and Anderson, 1984). Its primary metabolic role, however, is to potentiate the 

action of insulin through its presence in an organometallic molecule called the glucose 

tolerance factor (GTF). Schwarz and Mertz (1957, 1959) first isolated GTF from pork 

kidney (1957) and brewer’s yeast (1959), and it is believed to consist of Cr
+3

, nicotinic 

acid, glutamic acid, glycine and cysteine (Toepfer et al., 1977). Without Cr+3 at its core, 

GTF is inactive. Most chromium in animal tissues is present in GTF. In addition to GTF 

in yeast and animal tissues (Anderson, 1987), bovine colostrum contains at least five low-

molecular-weight, chromium-containing substances (Yamamoto et al., 1988). A similar 

and biologically active chromium-containing substance has been found in rabbit liver 

(Yamamoto et al., 1989). 

2.3 Forms of Chromium 

Chromium is the 21
st
 most abundant mineral in the crust of the earth. Although 

chromium (relative atomic mass 51.996 g) may theoretically occur in all oxidation states 
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from –2 to +6, it is most often found in 0, +2, +3 and +6. Elemental chromium (0) is not 

naturally present in the earth crust and is biologically inert. 

Almost all naturally occurring Cr is trivalent while hexavalent Cr is mostly of 

industrial origin. Most Cr compounds are halides, oxides or sulphides. 

2.3.1 Divalent chromium (Cr
2+

) 

It is a strong reductant; the form is readily oxidised when in contact with air, 

producing Cr
3+

. This explains why divalent Cr is not available in biological systems. 

2.3.2 Hexavalent chromium (Cr
6+

) 

It is the second most stable form and a strong oxidising agent, especially in acidic 

media. Hexavalent chromium is bound to oxygen as chromate (CrO4
2–

) or dichromate 

(Cr2O7
2–

) with a strong oxidative capacity. This form of Cr crosses biological membranes 

easily, reacting with protein components and nucleic acids inside the cell while being 

deoxygenated to Cr
3+

. The reaction with genetic matter makes Cr
6+

 carcinogenic. 

2.3.3 Trivalent chromium (Cr
3+

)  

It is the most stable oxidation state in which Cr is found in living organisms. It 

does not have the capacity to cross cell membranes easily (Mertz, 1992) and has a low 

reactivity, which is the most significant biological feature distinguishing it from Cr
6+

. 

Trivalent Cr forms a number of coordination complexes, hexadentate ligands being the 

basic form. 
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e.g:  Inorganic forms 

1. Chromium chloride (CrCl3) 

2. Chromium oxide (Cr2O3) 

  Organic forms  

1. Chromium polynicotinate (Cr(C6H4NO2)3) 

2. Chromium- methionine (Cr(C5H10NO2S)3) 

3. Chromium picolinate : (Cr(C6H4NO2)3) contains Cr and three picolinic acid 

(pyridine   compound with a structure similar to nicotinic acid) molecules. 

4. Chromium Yeast: Grown from special strains of yeast on natural ingredients 

enriched with chromium reported to have significantly greater level of 

biologically active chromium than inorganic chromium. 

2.3.4 Nano Chromium (Nanoparticles of Chromium)  

Size of Cr is reduced to a nano size (<100nm) by using Nanotechnology. 

Nanotechnology is the process of manipulating matter on an incredibly minute scale (one 

thousandth of a millimeter and smaller), in order to create new products and materials, or 

delivery systems. It is the creation and manipulation of tiny objects at the level of 

molecules and atoms.  At the nano-scale, the laws of chemistry and physics work 

differently and materials develop unique properties not seen at normal particle size. A 

range of consumer products containing nano-sized additives is already available in the 

supplements, nutraceuticals and food (health) sectors. These include minerals, 

antimicrobials, vitamins, antioxidants, etc. Virtually all of these products claim enhanced 
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absorption and bioavailability in the body compared to their conventional counterparts 

(Chaudhry et al., 2010) 

2.4 Chromium - absorption, transport and excretion 

2.4.1 Absorption  

Chromium is absorbed primarily in the small intestine. The most active site of 

absorption in rats seems to be the jejunum, with less efficient absorption occurring in the 

ileum and duodenum (Chen et al., 1973). Cr is absorbed by a non-mediated process of 

passive diffusion in the small intestine. However, results of in vitro studies using isolated 

intestine from Cr deficient rats showed that the percentage of Cr absorption decreased 

with its concentration and increased in the incubation medium. This behaviour is not 

compatible with a simple diffusion process and it suggests a finite number of specific 

sites involved in the Cr absorption and also the absorption mechanism is similar to 

facilitated diffusion (Vincent, 2007) 

2.4.1.1 Factors affecting Cr absorption 

The fate of Cr absorption from the small intestine can be significantly affected by 

many dietary and drug factors. The absorption of Cr is facilitated by certain amino acids, 

such as histidine, which chelates Cr and prevents the precipitation of Cr at the basic pH in 

the small intestine. Nicotnic acid and ascorbic acid are required for Cr absorption and act 

in synergy with this element. Ascorbic acid has been reported to enhance chromium 

transport or absorption in animals (Dowling et al., 1990) and humans (Mertz and 

Roginski, 1971). Chelating substances such as oxalates has shown to significantly 

increase the absorption of Cr. Phytates reduced the absorption of Cr in the intestine (Hunt 
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and Stoecker., 1996). However, other chelators such as citrates and EDTA have not been 

demonstrated to have evident effects. 

Some metals can drive Cr from its binding sites or form complexes with Cr and 

then modify its absorption. Absorption of Cr was increased in Zn, V and Fe 

supplementation decreased the absorption of Cr.  On the other hand, absorption of Cr was 

elevated in Zn-deficient rats and was reduced by zinc supplementation (Chen et al., 

1973). This suggests that Zn and Cr share a common mechanisn in the intestinal 

absorption. Administration of iron in rats could inhibit Cr absorption demonstrating that 

Cr and Fe have a similar transport and absorption mechanisms. Mn and Ca also have 

shown to decrease Cr absorption.  Absorption of Cr also can be affected by plasma 

proteins such as transferring and albumins since plasma proteins act as important 

transport proteins for Cr. Asprin increases Cr absorption from intestine whereas  antacids 

(natrium hydrogen carbonate, magnesium hydroxide) reduce Cr concentrations in blood 

and tissues (Hunt and Stoecker, 1996). 

Inorganic forms, such as that present in chromic chloride (CrCl3 ) as heptahydrate 

and chromic oxide (Cr2O3), are absorbed poorly. The average absorption of Cr
+3

 has been 

estimated at 0.5 per cent. The efficiency of absorption, however, is related inversely to 

dietary intake. Anderson (1987) reported that approximately 2 per cent of dietary 

chromium was absorbed in humans consuming approximately 10 µg/day, whereas 

absorption efficiency was decreased to 0.5 per cent when their intake was >40 µg/day. 

Abnormal absorption has been reported in insulin-requiring diabetics. Doisy et al. (1976) 

reported that insulin-requiring diabetics absorbed two to four times more chromium than 
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was absorbed by normal subjects. The authors hypothesized that insulin-requiring 

diabetics are chromium deficient and develop an adaptive increase in absorption to help 

offset the deficiency 

Amatya et al. (2005) studied the in vitro uptake of chromium from inorganic and 

organic sources across everted intestinal sacs (chromium across the mucosal wall of 

duodenum, jejunum and ileum) of poultry. The solutions of potassium chromate, 

chromium chloride and chromium yeast complex containing 20, 40 or 60 mg Cr/ml were 

incubated in the everted sacs. The uptake of chromium was identical from potassium 

chromate and chromium yeast complex in all the three segments of the small intestine. 

Chromium chloride was the least efficient source of available chromium. The trend of the 

investigation indicated that jejunum was the comparatively preferred site for chromium 

absorption whatsoever the source of chromium might be. The rates of absorption of Cr 

from various sources in rats and humans is indicated in Table 2.1. 

Table. 2.1  Absorption of  chromium from various compounds 

Chromium source Species  Absorption % 

Chromium chloride 
Rat 0.9 

Human 0.69 

Chromium nicotinate Rat 1.3 

Chromium picolinate 
Rat 1.1 

Human 2.8 

Chromium from food Human 2-3 

Chromium from brewer’s yeast Human 5-10 

(Vincent, 2007) 
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2.4.1.2 Different forms of Cr and their bioavailability  

The factors controlling intestinal absorption of particles are now better known. 

Size, nature of the polymer, zeta potential, vehicle, coating with lectins or other adhesion 

factors, presence of nutrients have been determined as critical factors influencing particle 

uptake (Delie, 1998).  

Almost all sources of chromium in the Earth’s crust are in the trivalent state. 

There are, however, manufactured forms (K2Cr2O7, K2CrO4, and Na2CrO4) that exist in 

the hexavalent (Cr
+6

) state. These forms are more soluble than Cr
+3

 and, when 

administered directly into the intestine, are absorbed three to five times better than Cr
+3

 

(Anderson, 1987). When taken orally, most of the Cr
+6

 is believed to be reduced to Cr
+3

 

before reaching sites of absorption in the small intestine (Doisy et al., 1976). The reasons 

for the low availability of inorganic sources of Cr
+3

 are many.  Complexing chromium to 

organic molecules also can influence availability. For example, oxalate enhanced the 

absorption of chromium in rats, whereas, EDTA and citrate did not (Chen et al., 1973). 

Other synthetic organic forms, such as chromium nicotinate (CrNic) and chromium 

picolinate (CrPic), also have been used as readily available sources of chromium. Olin et 

al. (1994) reported that absorption of chromium by rats during the first 12 hours after oral 

administration was greatest for CrNic and least for CrCl3, with the absorption from CrPic 

ranking intermediate. Anderson et al. (1996a) determined the relative bioavailability of 

nine different organic and inorganic forms of chromium by measuring the incorporation 

of chromium into tissues of rats fed these various chromium sources. They demonstrated 

that chromium incorporation into tissues is highly dependent upon the form, with the 

greatest incorporation occurring from chromium dinicotinic acid diglycine cysteine 
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glutamic acid, CrPic, chromium acetate, chromium potassium sulfate, and glycine 

chromium complexes. They also concluded that chromium chloride was a very poor 

source of chromium. 

Naturally occurring chromium complexes also are known for their relatively high 

biologic availability. Experiments with rats suggest that 10 to 25 per cent of the 

chromium in brewer’s yeast is absorbed (Underwood, 1977). Tolimir et al. (2005) 

compared organic (Cr yeast) and inorganic form of Cr for their effect on breast 

musculature in broilers and found that birds supplemented with organic Cr showed 

positive results with regard to breast angle, yield and musculature when compared to the 

inorganic Cr fed group. Naghieh et al. (2010) evaluated different sources of Cr viz., Cr 

chloride, Cr yeast, Cr nicotinate and Cr methionine on performance and immune response 

of broilers and found that Cr nicotinate improved the performance of broilers when 

compared to the other sources. Suksombat and  Kanchanatawee (2005) studied the effects 

of supplementing broilers with chromium yeast, chromium picolinate and  chromium 

chloride and concluded that supplementation of organic chromium tends to improve 

growth performance and carcass composition, decreases total cholesterol, triglycerides, 

low density lipoprotein and increases highdensity lipoprotein when compared to the 

inorganic form.  

Bahrami et al. (2012) evaluated different levels of organic (Cr-l-Methionine) and 

inorganic chromium (CrCl3) supplementation on immune function of broiler chicken 

under heat-stress conditions and found that both the organic and inorganic Cr 



14 

1
4
 

supplements improved the immune response of broilers and a more positive effect was 

observed by addition of Cr-l-Methionine. 

Similarly in pigs, Park et al. (2009) evaluated CrCl3, Cr picolinate and Cr-l-

methionine on growth, blood profiles and carcass traits and observed that Cr-l-methionine 

was more effective in improving both lean percentage of the carcass and backfat 

thickness  compared to other Cr sources. 

Peres et al. (2014) compared chromium sulfate and chromium-methionine on 

performance and meat quality in pigs and found that after 24 hours of storage, the meat 

from pigs supplemented either with chromium-methionine or with chromium sulfate 

presented lower lipid oxidation than that from non-supplemented animals. However, after 

three days of storage, only chromim-methionine was effective in reducing lipid oxidation. 

Sahin et al. (2010) supplemented Cr to heat-stressed Quails in the form of either 

CrCl3 or chromium picolinate and found that Cr as chromium picolinate was more 

effective to alleviate performance variables and decreased lipid peroxidation and 

proinflammatory markers than Cr as CrCl3. 

Cr nanoparticles (CrNano), a novel form of Cr constructed on the basis of 

nanotechnology,  exhibit greater absorption efficiency and bioavailability in comparison 

with other forms of organic and inorganic forms of Cr. Zha et al. (2008) conducted a 

study to determine whether chromium nanoparticle (CrNano) exhibited higher absorption 

efficiency and possessed unique absorption mechanism in comparison to chromium 

picolinate (CrPic) and chromium chloride (CrCl3), wherein Caco-2 cell monolayers 
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grown on semipermeable membranes in Snapwell tissue culture bichambers were 

incubated with CrNano, CrPic or CrCl3 to examine their transport and uptake and found 

that the transport efficiency of CrNano, CrPic and CrCl3 after incubation for 120 min at 

37 °C was 15.83 per cent , 9.08 per cent  and 2.11 per cent  respectively. The uptake 

efficiency of CrNano, CrPic and CrCl3 was 10.08 per cent, 4.73 per cent and 0.88 per 

cent, respectively. It was concuded that CrNano exhibited considerably higher absorption 

efficiency than both CrPic and CrCl3 in Caco-2 cell monolayers. 

Wang and Xu, (2004) conducted a study to evaluate the effect of chromium 

nanoparticle (CrNano) on growth, carcass characteristics, pork quality, and tissue 

chromium in finishing pigs wherein  CrNano was shown to greatly increase tissue 

chromium retention in selected muscles and organs and postulated that CrNano could 

improve the absorption of Cr (III) in the GI tract. 

Zha et al. (2009) studied the effects of supplementing broilers with different 

forms of Cr namely Cr nanocomposite (CrNano), Cr picolinate (CrPic) and Cr chloride 

(CrCl3), on growth performance, carcass characteristics and tissue Cr in heat-stressed 

broiler chicks and observed that  supplementation of Cr in the form of CrNano and CrPic 

might be an effective tool for enhancing the growth performance and carcass traits of 

broiler and also CrNano seemed to have greater beneficial effects in comparison with 

CrPic. 

Lien et al. (2009) fed rats with CrCl3, chromium picolinate and nanoparticulate 

chromium picolinate and concluded that reducing the particle size of Crpic to nano size 

enhances Cr digestibility and absorption in rats. 

http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0396.2007.00718.x/full#b54
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Lin et al. (2015) studied the effect of CrCl3, chromium picolinate and  

nanoparticle chromium picolinate in broilers and found that chromium utilization was 

highest in nanoparticle chromium picolinate followed by chromium picolinate and the 

least in CrCl3 and confirmed that NanoCrpic can enhance the chromium absorption. 

Zha et al. (2007) compared different forms of chromium (300 μg/kg) as 

chromium chloride, chromium tripicolinate, and chromium nanocomposite (CrNano) on 

growth, body composition, serum parameters, and tissue chromium in rats and noticed 

that chromium nanocomposite had higher efficacy on growth and body composition 

compared to the traditional chromium agents. 

2.4.2 Transportation of Cr 

Results from invitro and invivo investigations have demonstrated that of all serum 

proteins, the ferric ion transportprotein, transferring, binds almost all the Cr administered. 

Hopkins and Schwarz (1964) reported that approximately 90 per cent of Cr in serum was 

associated with the blood b-globulin fractions, while 80 per cent immunoprecipitates 

were with transferrin. When excessive amounts of Cr are given, other protein fractions 

such as albumin, gamma and beta globulins and lipoproteins in blood can also bind to the 

element. Such observations distinguish the behaviour of Cr from that of Cu, Se, Zn, all of 

which were shown to bind to albumin first. Since the evidence indicated that there is a 

great affinity of Cr to transferrin, it has been assumed that transferrin is involved in Cr 

transport. 

Transferrin, an approximately 80 KDa metal binding globulin of blood protein, 

possesses two specific binding sites, A and B, with different affinities for two equivalents 
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of ferric iron at neutral and slightly basic pH levels. It is approximately 30% loaded with 

iron on average and consequently has been proposed to potentially carry other metal ions 

(Brock, 1985). It has been shown that Cr binds exclusively to site B. Thus, there is 

antagonism between Cr and Fe competing for this carrier (Sayato et al., 1980).  At high 

concentrations of either Cr or Fe, Cr and Fe were found to act as antagonist with each 

other. The interaction of Fe and Cr is thought to be linked to the shared binding sites of 

transferrin. In vivo study in rats showed that the serum levels of iron and total iron 

binding capacity (TIBC) were reduced by 28 and 11 per cent, respectively, following 

daily administration of chromium (1 mg/kg) for 45 days (Ani and Moshtaghie, 1992). 

Hemochromatosis is an iron storage disease in humans characterized by highly saturated 

transferrin levels and sometimes by diabetes. 

Sargent et al. (1979) proposed the theory that increased iron stores due to 

hemochromatosis might result in the exclusion of Cr from metabolic binding sites and 

then induce diabetic symptoms. When saturation of transferrin with iron increases over 

50% in blood, iron competes with Cr binding sites and affects Cr transportation.  Transfer 

of chromium from transferrin to Cr-free apoLMWCr (low-molecular-weight chromium-

binding substance) has been demonstrated in vitro to become low-molecular-weight 

chromium-binding substance (LMWCr) also called as Chromodulin (Sun et al., 2000). 

Animal study indicated that high amounts of LMWCr soon occur in liver cytosol after Cr 

administration. 

2.4.2.1 Transport to organs and excretion 

Cr from blood is principally accumulated in liver, moderately accumulated in 

kidneys, spleen and muscles. It is also spread to many other organs such as heart, 
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pancreas, lungs, bone and brain. Plasma is cleared of chromium within a few days of 

administration (Anderson, 1987). Whole-body chromium, however, is cleared in rats at a 

much slower rate and has been expressed as a three-compartment model with half-lives 

of 0.5, 6, and 83 days (Borel and Anderson, 1984). Some tissues such as bone, testes and 

epididymis retain chromium longer than do the heart, lung, pancreas, or brain. Unlike 

some other elements (e.g., calcium and magnesium), it seems that no equilibrium exists 

between tissue stores of chromium and plasma. Concentrations in plasma are therefore a 

poor indicator of chromium status. Total body chromium concentrations decreases with 

age, which is reflected in a decrease in tissue uptake. 

Absorbed Cr is excreted principally in the urine, and in small quantities in the 

hair, sweat and bile. The major route of elimination after absorption is faecal.  Stress and 

exercise also can result in increased urinary chromium excretion. Severely traumatized 

patients also excrete several times more chromium than do normal subjects. Urinary 

chromium excretion therefore is a good reflection of the ingestion, but not necessarily of 

body status (Anderson et al., 1983).  

An enriched stable isotope 
50

Cr(III) tracer technique combined with neutron 

activation analysis was used to examine the intracellular distribution of Cr(III) in the 

liver, pancreas, testes, and kidney homogenates of both normal and diabetic rats  and the 

results showed that the nucleic fraction had the highest Cr concentration in the liver cell 

of both normal and diabetic rats and  diabetic rats retained more Cr in the mitochondrial 

and lysosomal fractions of liver homogenate than the normal (Feng et al., 1999). 
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2.5 Functions of Chromium 

2.5.1 Carbohydrate metabolism  

The primary metabolic role of Cr, however, is to potentiate the action of insulin 

through its presence in an organometallic molecule called the glucose tolerance factor 

(GTF). Circulating chromium is associated with the β-globulin portions of plasma and in 

physiologic concentrations is transported to tissues bound to transferrin and possibly as a 

component of GTF (Prasad, 1978).  Without Cr
+3

 at its core, GTF is inactive. Most 

chromium in animal tissues is present in GTF.  

Cr potentiates the action of insulin via the GTF (Mertz, 1993). Although the way 

in which this potentiation occurs has not been determined, Mertz et al. (1974) 

hypothesized that chromium forms a complex with insulin and insulin receptors to 

facilitate the response of insulin-sensitive tissues.  Schwarz and Mertz (1957) observed 

that GTF, which contain chromium was deficient in animals with impaired glucose 

tolerance, and that supplemental chromium improved glucose tolerance. Although GTF 

seems to contain nicotinic acid, glycine, glutamic acid and cysteine in addition to 

chromium, synthetic complexes have markedly less insulin-potentiating activity than 

does the naturally occurring complex (Anderson et al., 1978). Thus, the exact structure of 

the native insulin-potentiating complex has not been determined. Glucose uptake, glucose 

use for lipogenesis, glucose oxidation to carbon dioxide, and glycogenesis increase 

because of the addition of chromium plus insulin to animal tissues (Anderson, 1987). 

Chromium alone was ineffective. Chromium increases or potentiates the activity of 

insulin but does not substitute for the anabolic hormone.  
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Anderson (1987) cited numerous case studies with humans in which glucose 

tolerance and other measures of glucose metabolism were improved with chromium 

supplementation. Moreover, supplemental dietary chromium (200 or 1,000 µg/day) had 

beneficial effects on cholesterol, glycosylated hemoglobin, glucose and insulin in blood 

of humans with type II diabetes (Anderson et al., 1996b).  

2.5.2 Lipid metabolism 

Numerous studies suggest that chromium is necessary for normal lipid 

metabolism and for minimizing rates of atherogenesis. Rats and rabbits fed low-

chromium diets had greater concentrations of serum cholesterol and aortic lipids and 

exhibited greater plaque formation (Abraham et al., 1982a, 1982b). Newman et al. (1978) 

reported that humans who died of coronary artery disease had low chromium 

concentration in aortae but not in other tissues.  

Increases in high-density lipoprotein (HDL) cholesterol and decreases in total 

cholesterol, low density lipoprotein (LDL) cholesterol, and triacylglycerols (Riales and 

Albrink, 1981; Anderson, 1995; Lefavi et al. 1993) in humans have been reported to 

occur after chromium supplementation. Blood lipids of humans with the greatest 

concentrations of blood cholesterol and triacylglycerols decrease the most after 

chromium supplementation. Because many factors cause elevated blood lipids, only those 

hyperlipemic individuals with marginal chromium status would be candidates for 

improvements in clinical status by chromium supplementation. 

David et al. (2009) found that chromium chloride administration to rabbits caused  

substantial reduction of coronary lipid deposits, aortic lipid deposits, and serum 

cholesterol concentration. 
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2.5.3 Protein metabolism 

Because of the role of insulin in amino acid uptake by animal tissues, chromium 

is predicted to interact with protein biosynthesis. Roginski and Mertz (1969) reported that 

chromium supplementation increased amino acid incorporation into heart proteins and 

amino acid uptake into tissues of rats.  

Evans and Bowman (1992) have demonstrated increased amino acid and glucose 

uptake by skeletal muscles of rats that had been incubated with Cr-picolinate. 

2.5.4 Nucleic acid metabolism 

Chromium in the trivalent oxidation state seems to be involved in the structural 

integrity and expression of genetic information in animals. The bonding of chromium to 

nucleic acids is tighter than that of other metal ions (Okada et al., 1982). Chromium 

protects ribonucleic acid (RNA) against heat denaturation. Moreover, chromium seems to 

concentrate in the nuclei of animal cells. Supporting the hypothesis that it affects gene 

function, chromium has been shown to enhance RNA synthesis in mice in vitro (Okada et 

al., 1982) and in vivo (Okada et al., 1983). With the use of the regenerating rat liver 

model, it was shown that the nucleic-acid enhancing activity was associated with a 

70,000 dalton protein that contained five to six chromium ions (Okada et al., 1984).  

2.5.5 Metabolism of mineral substances 

The relation between Cr and Fe has been investigated most since both these 

minerals are transported as transferrin-bound. At low Fe saturation, Cr and Fe bind 

preferentially to different binding sites. When, however, if the Fe concentration is higher, 
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the two minerals compete for the same binding sites. This seems to be the reason why a 

lower Cr retention has been identified in patients suffering from hemochromatosis than in 

healthy subjects or patients with a Fe deficiency (Sargent et al., 1979). Cr impairs Fe 

metabolism and alters Fe homeostasis (Ani and Mostaghie, 1992).  

Anderson et al. (1996a) reported alteration of Fe metabolism in association with 

Cr supplementation and also, decreased tissue Fe concentrations were detected in 

response to Cr supplementation. 

Frank et al. (2000) studied mineral metabolism in experimentally induced  Cr 

deficiency in  goats  on the basis of determining Al, Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Mo, 

Ni, P, Pb, Se, Sr, V and Zn concentrations in the liver, kidneys, ribs and blood plasma. 

They detected a 43 per cent lower renal Cu concentration compared with controls and 

conversely, higher Al, Co and V concentrations in the kidneys and liver. 

Schrauzer et al. (1986) reported decreased loss of Zn, Fe, Cu and Mn during 

stress after Cr supplementation to mice.  

Interaction between Cr and Cu was studied by Stahlhut et al. (2006), wherein, Cr 

supplementation had no effect on the liver or plasma Cu concentrations in cows, 

although, supplemental Cr resulted in higher plasma Cu concentrations in calves. 

Pechova et al. (2002) detected higher plasmatic Cu concentrations in response to 

Cr supplementation in fattening bulls. Moonsie-Shageer and Mowat (1993) found Cr 

supplementation to be associated with increased serum Ca and Mg concentration in 

calves.  
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2.5.6 Hormonal regulation 

2.5.6.1 Cortisol (Stress) 

A number of studies confirm the association between Cr and the metabolism 

during increased physiological, pathological and nutritional stress. Cr demand in humans 

and animals increases during periods of higher stress – e.g. fatigue, trauma, gestation and 

different forms of nutritional (high-carbohydrate diet), metabolic, physical, and emotional 

stress as well as environmental effects (Anderson, 1994). Under stressor influence, 

secretion of the cortisol increases, acting as an insulin antagonist through increasing 

blood glucose concentration and reduction of glucose utilisation by peripheral tissues. 

Increased blood glucose levels stimulate the mobilisation of the Cr reserve, Cr being then 

irreversibly excreted in urine (Borel and Anderson, 1984; Mertz, 1992). Cr excretion in 

urine is enhanced by all stress-inducing factors (Mowat, 1994). 

Cr supplemented animals showed decreased sensitivity to stress through a reduced 

concentration of cortisol in blood (Chang and Mowat, 1992; Moonsie-Shageer and 

Mowat, 1993; Mowat et al., 1993). 

Al-Saiady et al. (2004) found that adding chelated chromium to the diet of dairy 

cows under heat stress improved feed intake and milk yield without affecting milk 

components, but no decrease in sensitivity of animals to cold stress has been detected. 

Several studies in poultry have proven that Cr supplementation improves 

performance and immunity during heat stress (Sands and Smith, 1999; Sahin et al., 2005; 

Toghyani et al., 2007; Orhan et al., 2012) 
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2.5.6.2 Insulin 

Chromium has an improving effect on insulin binding and increases the number 

of insulin receptors on the cell surface and sensitivity of pancreatic β-cells together with 

an overall increase of insulin-sensitivity (Anderson, 1997). Chromium acts as a cofactor 

for insulin and therefore, Cr activity in the organism is parallel to insulin functions. 

Despite enhancing insulin activity, chromium cannot substitute insulin. In the presence of 

organic Cr, a lower insulin level is sufficient to achieve a similar biological response 

(Mertz, 1993). 

Striffler et al. (1999) detected increased insulin secretions in Cr-deficient rats 

during response to an increased concentration of glucose in the blood. Sahin et al. (2001) 

supplemented Cr picolinate to layers and found that dietary chromium at 200 ppb had a 

positive effect on performance and increased the plasma insulin concentration of laying 

hens under cold stress. 

2.6 Chromium deficiency 

Cr deficiency is relatively scarce and most of the works quote results of 

experiments on laboratory animals. Anderson et al. (1990) demonstrated that suboptimal 

intake of chromium by humans leads to detrimental changes in glucose, insulin, and 

glucagon status of subjects with slightly impaired glucose tolerance. Research results 

presented by Govindaraju et al. (1989) did not support the postulate that trivalent Cr
+3

 

serves to assemble insulin and its receptor through metal-sulfur bonding, but indicated 

that chromium stabilizes the structure of insulin and affects its state of aggregation to 

influence the biopotency of the hormone. 
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In summarizing the results of several experiments with humans, rats, mice, and 

other species, Anderson (1994) presented a list of physiological and biochemical 

symptoms of chromium deficiencies that strongly suggest chromium is an essential 

nutrient (Table 2.2). 

Table 2.2 Signs and symptoms of Chromium deficiency 

Function Species 

Impaired glucose tolerance  
Human, rat, mouse, squirrel, monkey, 

guinea pig 

Elevated circulating insulin  Human, rat, pig 

Glycosuria  Human, rat 

Fasting hyperglycemia  Human, rat, mouse 

Impaired growth  Human, rat, mouse, turkey 

Hypoglycemia  Human 

Elevated serum cholesterol and triacylglycerols  Human, rat, mouse, cattle, pig 

Increased incidence of aortic plaques  Rabbit, rat, mouse 

Increased aortic intimal plaque area  Rabbit 

Neuropathy  Human 

Encephalopathy  Human 

Corneal lesion  Rat, squirrel, monkey 

Ocular eye pressure  Human 

Decreased fertility and sperm count  Rat 

Decreased longevity  Rat, mouse 

Decreased insulin binding  Human 

Decreased insulin receptor number  Human 

Decreased lean body mass  Human, pig, rat 

Elevated percentage body fat  Human, pig 

Enhanced humoral immune response  Cattle 

Morbidity  Cattle 
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2.7 Dietary Chromium Intake and Recommendations 

2.7.1 Livestock and poultry  

NRC (1995) concluded that the chromium requirements of livestock are ill-

defined since the concentrations of chromium in basal diets are not always reported and 

the relative potency of natural, synthetic organic and inorganic sources of chromium 

remains largely untested. Strenuous exercise, transportation and infection increase losses 

of chromium in urine and may increase chromium requirements (Anderson, 1987). The 

level of supplementation required for poultry is <1 mg Cr  per kg DM. For stressed 

poultry, chromium requirements appear to be higher during heat than cold stress. 

2.7.2 Humans  

The Environmental Protection Agency has established a reference dose, defined 

as "an estimate of a daily exposure to humans, including sensitive subgroups, that is 

likely to be without an appreciable risk of deleterious side effects over a lifetime, which 

is 350 times the National Research Council's upper limit of the "safe and adequate 

range". Studies obtained as part of the Trace Elements in Food Research Programme of 

the FAO European Research Network on Trace Elements demonstrated that the Cr 

content in animal foodstuffs such as meat, poultry and fish is low providing 2 μg Cr 

(Anderson et al., 1992). Most dairy products are also low in Cr and provide < 0.6 

μg/serving. Whole wheat and wheat flour contain 5-10 μg of Cr/kg. Pulses, seeds and 

dark chocolate may contain more chromium than most other foods. Certain species such 

as black pepper contain high concentrations of Cr (Jorhem and Sundstrom, 1993). Some 

brands of beer contain significant amounts of Cr. 
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The Estimated Safe and Adequate Daily Dietary Intake (ESADDI) of Cr as 

approved by the Food and Nutrition Board of the US National Academy of Science in 

1989 is presented in Table. 2.3 (NRC, 1989) 

Table 2.3 The Estimated Safe and Adequate Daily Dietary Intake (ESADDI) of Cr 

as proved by the Food and Nutrition Board of the US National Academy 

of Science in 1989    

Category Age (Years) ESSADDI, µg Cr/day 

Infants 0-0.5 10-40 

Infants 0.5-1 20-60 

children 1-3 20-80 

children 4-6 30-120 

children 7-10 50-200 

Children and adolescents >11 50-200 

Adults   50-200 

Although some American experts in chromium nutrition recommend 

supplementation with small amounts of this element on a daily basis to prevent possible 

inadequate chromium intake, increased chromium losses, decreasing tissue levels with 

age, and widespread insulin resistance. However, due to insufficient data concerning the 

content of Cr in food products and its dietary intake in various sub-populations, it is 

impossible to draw definite recommendations for Cr supplementation for the general 

population.  
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2.8 Chromium content of feedstuffs 

Analysis for Cr in foods and feeds is technically difficult, requiring graphite 

furnace atomic absorption spectroscopy or inductively coupled plasma spectro 

photometer (ICPS), appropriate reference materials, and an ultra-clean lab. Exposure to 

metal surfaces in feed processing and handling and laboratory sample preparation greatly 

increases Cr contamination. Because of these problems, the information available on 

basal levels of Cr in animal feeds is scant and variable (Table 2.4). Generally, forages and 

by products seem to contain more Cr than grains. 

Table 2.4 Chromium content of feed stuffs 

Feed stuff Cr (ppm) 

Dehydrated alfalfa 0.20 

Corn silage 2.03 

Rye grass 0.44 

Barley  0.83 

Corn  0.91 

Wheat bran 0.63 

Meat meal 0.80 

Fish meal 0.63 

Soybean meal  0.15 

Brewers yeast 1.0 

Brewers grain 0.23 

2.9 Tolerance of animal species and Maximum Tolerable Levels (MTL) 

Toxicity of chromium compounds in food-producing species are seldom 

encountered. Chromium oxide has been used for decades as a digestibility marker in 



29 

2
9
 

cattle, sheep and pigs at dietary chromium levels up to 3000 mg/kg without signs of acute 

toxicity (NRC, 2005). Hexavalent chromium is much more toxic than trivalent 

chromium. NRC did not define MTL-values for domestic animals because hexavalent 

chromium is generally not ingested orally. MTL values established by NRC (2005) are 

compiled in Table. 2.5. Chickens have shown to be more tolerant to soluble compounds 

of trivalent chromium compared to mammalian species. 

Table 2.5  Maximum Tolerable Levels (MTL) for chromium (mg/kg DM)  

Species  MTL 

Soluble Cr3+  

Poultry  500 

Rodents  100 

Swine, horses, cattle, sheep  100 

Chromium oxide  

Rodents  30000 

Poultry, fish  3000 

Swine, horses, cattle, sheep  3000 

2.10 Chromium toxicity  

Episodes of acute toxicity of chromium compounds in food-producing species are 

seldom encountered, mainly because of the low solubility and bioavailability of 

chromium compounds, including oxides which are among the most common sources of 

chromium in the environment. Cr toxicity is associated mainly with hexavalent 

chromium, while trivalent Cr is believed to be a highly safe mineral. Hexavalent Cr is 

more soluble than trivalent Cr and at least five times as toxic (Barceloux, 1999). Cr
3+

 

toxicity is in fact lower than the toxicity of all other essential elements such as Cu, I, Zn, 
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Mn and especially Se (Lindemann, 1996).  The toxicity of Cr
6+

 compounds is most 

probably based on an oxidative DNA impairment (Cohen et al., 1993). The details of 

Cr
6+

 toxic activity are however not known. It is assumed that genotoxicity may be due to 

a transient form (Cr
5+

) of intracellular origin formed by the reduction of Cr
6+

 to Cr
3+

 

(Stearns et al., 1995). Extracellular reduction of Cr
6+

 to Cr
3+

 is regarded as a protective 

reaction (De Flora et al., 1989). The main protection mechanism against Cr
6+

 activity in 

the lungs and the stomach is the reduction of Cr
6+

 to Cr
3+

 by an NADPH-dependent 

mechanism involving ascorbate. Animal trials show that glutathion plays an important 

role in Cr
6+

 reduction in erythrocytes, also showing certain reduction activity in the lungs 

(Suzuki and Fukuda, 1990).  

Cr intoxication is characterised by pathological and anatomical changes in the 

lungs, kidneys and liver. The lungs are affected with hyperaemia, erosion and an 

inflammatory change in the mucosa of respiratory system developing after Cr inhalation. 

With Cr
6+

 compounds sensitising the lungs, a bronchial spasm or even an anaphylactic 

reaction may develop. Chronic exposure to Cr has been observed to cause nose septum 

perforation (Lee et al., 2002) and small cell cancer of the lung tissue has been reported. 

Bioreduction of Cr
6+

 to the less toxic Cr
3+

 state may generate free radicals and that 

represents a potential hazard. In the case of CrPic, reduction is essential for biological 

potency and the risk of causing peroxidative tissue damage has been flagged (Vincent, 

2000), but the threat is unlikely to be realized at the low levels of supplementation 

employed commercially. Chromium toxicity is rare and even soluble sources such as the 

chloride and chromate appear to be tolerated at concentrations of up to 1000 mg/kg DM 

(NRC, 2005) by livestock. Acute intoxication with Cr6+ leads to acute renal tubular 
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necrosis characterised by significant interstitial change and subsequent renal failure (Ellis 

et al., 1982; Saryan and Reedy, 1988). Renal glomeruli usually remain intact. The hepatic 

parenchyma develops necrosis only at very high Cr6+ doses. In laying hens chromium 

(III) toxicity effects included the impairment of a number of cytochrome P450-dependent 

monooxygenases (NRC, 2005). 

Asmatullah et al. (1999) supplemented hexavalent Cr in the form of potassium 

dichromate to one day old Gallus domesticus chicks at 250 and 500 ppm levels. After 32 

weeks of feeding, body weights significantly reduced in CrVI treated groups. Egg laying 

increased, fertility was unaffected, but hatchability decreased in the treated group. 

Structural derangements in liver was seen in CrVI supplemented groups indicating toxic 

effects of hexavalent Cr in birds. 

Islam et al. (2002) evaluated chronic chromium toxicity on growth, organ-body 

weight ratio and tissue enzymic activity in broiler chickens. Cr in the form of chromium 

oxide was administered orally at the level 1/10
th

 of acute LD50 (17.2 mg/kg body weight) 

daily for six weeks and recorded significantly lower feed consumption and body weight, 

significant increase in ratio of liver and kidneys to body weights, decrease of bursa of 

Fabricius and spleen to body weights, decreased tissue enzymatic activity in the liver and 

kidneys of chromium-treated broilers suggesting severe cytotoxicity produced by Cr. 

Islam and Bhowmik (2005) studied the toxicopathogenic effect of hexavalent Cr 

in broilers by oral administration of 17.2 mg/Kg body weight chromium oxide for six 

days and noticed gastrointestinal disturbances and loss of body weight. Plasma protein 

and cholesterol was significantly reduced and there was increase in serum transaminase, 



32 

3
2
 

alkaline phosphatase and acid phosphatise activities. Moderate to severe hepatitis and 

nephrosis, varying degrees of necrosis and depletion of lymphoid cells in spleen and 

bursa of Fabricius was noticed. 

Erdelyi et al. (2006) studied the effect of chromium on the development of the 

chicken embryo, wherein, fertile eggs were injected with chromium solution in three 

different concentrations (50 µg/l, 500 µg/l, 5 mg/l) and morphological studies according 

to the developmental stages were done on the 2
nd

, 3
rd

, 10
th

, 16
th

 and 18
th

 days of 

incubation. Dose-dependent malformations (distorted embryos, open abdominal cavity 

etc.) were found in the treated embryos. It was concluded that chromium was rather toxic 

in the developing chicken embryo.  

Bajraktari
 
et al. (2008) evaluated the genotoxic effects of chromium (VI) on the 

peripheral blood erythrocytes of Hybro chicken administered orally varying 

concentrations of Cr (VI) for four months and reported significant increase in 

micronucleated erythrocytes.  

2.11 Effect of chromium supplementation in broilers 

2.11.1 Effect of chromium supplementation on growth performance 

Hossain et al. (1998) supplemented broilers with 300 and 600 ppb Cr yeast and 

found that the body weight, feed intake and feed conversion ratio were not influenced by 

Cr yeast. In another trial, 400 pbb Cr yeast was supplemented which led to significant 

reduction in feed intake and FCR, while the body weights were unaffected. 
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Lien et al. (1999) supplemented broilers with 800, 1600 and 3200 μg/kg of 

chromium picolinate and found that Cr picolinate increased body weight gain and feed 

consumption, whereas, feed efficiency was not affected. 

Sands and Smith (1999) reported improved body weight gain and feed efficiency 

in broilers supplemented with 200 and 400µg/ kg Cr picolinate in broilers both in 

thermoneutral and heat stress conditions. 

Sahin et al. (2002a) conducted a study to determine the effects of chromium 

picolinate supplementation at various levels (0, 200, 400,800, or 1200 ppb) on growth 

performance in broilers and observed that increased supplemental chromium resulted in 

linear increase in body weight, feed intake and feed efficiency.  

Uyanik et al. (2002a) found that supplementation of broiler chicks with 20, 40, or 

80 mg/kg Cr as CrCl3 had no effect on weight gain, but 20 mg/kg supplemental Cr 

resulted in 18.57 per cent reduction in feed consumption and improved feed efficiency by 

16.77 per cent. 

Sahin et al. (2003) reported significant increase in body weight gain, feed intake 

and reduction in feed conversion ratio in male broiler chicks upon supplementation with 

400 ppb Cr as Cr picolinate. 

Ahmad et al. (2004) found that feeding broilers with high levels of Cr chloride in 

combination with nicotinic acid and Cu did not significantly improve body weight gain, 

but improved the feed efficiency. 
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Debski et al. (2004) found that supplementation of Cr yeast to broilers in an 

industrial farming system at 0.2 ppm level did not improve body weight, feed intake and 

feed conversion ratio.  

Eren and Baspinar (2004) fed broilers with 20 ppm CrCl3 and recorded 

significant increase in body weight. 

Kroliczewska et al. (2004) recorded significant increase in body weight, weight 

gain and reduction in feed : gain ratio  in broilers receiving 500 ppb Cr yeast. 

Kroliczewska et al. (2005) evaluated the performance of broilers supplemented 

with 300 and 500 ppb Cr yeast and recorded significant improvement in body weight gain 

and feed efficiency in birds that received 500 ppb Cr yeast.  

Suksombat and  Kanchanatawee (2005) supplemented broilers with two organic 

chromium products, chromium yeast and chromium picolinate and one inorganic product, 

chromium chloride at the rate of 200, 400 and 800 ppb and concluded that no significant 

difference was observed among treatment groups in average daily gain, feed intake, body 

weight gain, feed conversion ratio and mortality. 

Anandhi et al. (2006) supplemented 250, 500 and 750 ppb organic Cr to broilers 

and the results revealed no significant difference in body weight gain, feed consumption, 

feed conversion ratio and livability between treatment groups from first week to the end 

of the experimental period.  
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Toghyani et al. (2006) reported significant increase in body weight gain and feed 

consumption in broilers receiving different levels of Cr picolicate (500,1000 and 1500 

ppb), whereas, feed efficiency was unaffected by Cr in the diet. 

Jackson et al. (2008) studied the effect of supplementing 200, 400, or 800 ppb Cr 

as chromium propionate in broilers and found that the body weight gain, feed intake and 

feed efficiency were not influenced by the dietary Cr.  

Naela et al. (2008) found that organic and inorganic chromium supplementation 

(4 ppm) significantly increased live weight gain. However, feed intake in all chromium 

groups was lower compared to the control. Feed conversion ratio was also improved by 

chromium supplementation 

Samanta et al. (2008a) supplemented heat stressed broilers with 0.5 or 1.0 ppm Cr 

as Cr picolinate and observed improved live weight gain, feed efficiency, utilisation 

efficiency of energy and protein and conversion efficiency of feed protein to muscle 

protein in Cr supplemented birds. The highest response was seen with 0.5 ppm Cr 

picolinate.   

Samanta et al. (2008b) fed inorganic trivalent chromium as chromic chloride 

hexahydrate (0.5 ppm) and recorded significant improvement in feed conversion ratio due 

to Cr in the diet, while, body weight gain was not influenced. 

Kheiri and Toghyani (2009) studied the effects of supplementing 400, 800, 1200 

and 1600 ppb Cr as CrCl3 to broilers and observed significant improvement in body 
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weight in birds receiving 1600 ppb Cr, whereas, feed intake and feed efficiency remained 

unaffected by supplemental Cr. 

Zha et al. (2009) comparatively assessed the effects different forms of Cr (500 μg 

kg−1), namely Cr nanocomposite (CrNano), Cr picolinate and Cr chloride on growth 

performance in heat stressed broiler chicks. Supplementation of CrNano and CrPic 

significantly increased body weight, average daily gain and feed efficiency, while the 

feed intake was not affected by any of the Cr sources. 

Al-Mashhadani et al. (2010) studied the effects of supplementing 0.5, 1.0, 1.5 and 

2.0 ppm Cr yeast on broiler performance and found that body weight gain and feed 

efficiency were significantly improved by supplementing Cr yeast at levels more than 1.0 

ppm. Feed intake was not affected by the supplemental Cr yeast.  

Nagheih et al. (2010) evaluated the effects of different forms of Cr viz., CrCl3, Cr 

yeast, Cr nicotinate and Cr methionine at 600 and 1200 ppb levels in broilers and 

recorded significant increase in feed intake and body weight in 600 ppb Cr nicotinate 

group, whereas feed efficiency was not influenced by any of the Cr sources. 

Navidshad et al. (2010) supplemented broilers with 250, 500, 750, 1000 or 1250 

μg/kg Cr as chromium polynicotinate and found that the body weight gain and feed 

intake were not affected by Cr, whereas, feed conversion ratio was significantly reduced 

with 750, 1000 and 1250 μg/kg Cr. 

Moeini et al. (2011) supplemented broilers under heat stress with Cr-L-

methionine and CrCl3 (800 and 1200 ppb each) and concluded that there were no 
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significant difference in mass gain, feed intake and feed conversion of broilers that 

received Cr supplementations compared with controls.  

Ghanbari et al. (2012) found that supplementation of Cr picolinate at 400, 800, 

1200, 1600 and 2000 ppb levels in broilers did not have positive effect on body weight, 

feed intake and feed efficiency.  

Ghazi et al. (2012) carried out an experiment to investigate the effects of different 

levels of organic (chromium L-methionine)  and inorganic Chromium (CrCl3) on the 

performance of heat stressed broilers at 600 and 1,200 ppb levels and found that body 

mass, feed intake and conversion ratio were not influenced by dietary chromium.  

Noori et al. (2012) recorded significant increase in body weight gain in broilers 

supplemented with 200 ppb Cr methionine, but  found that feed intake and feed 

efficiency were not affected even with 800 ppb Cr methionine supplementation.  

Rao et al. (2012) conducted an experiment to study the  effect of supplementing 

graded concentrations (0, 100, 200, 300, or 400 μg/kg diet) of organic chromium (Cr-

amino acid chelate) on performance of broilers and found that the body mass gain and 

feed efficiency at 21 and 42 days of age were not affected by supplementing organic Cr . 

Raut et al. (2012) supplemented broilers with chromium picolinate (40, 80, 

120mg/kg) and inorganic chromium chloride (80, 120, 200mg/kg feed) and reported that 

groups receiving Cr-Pic showed higher body weights while the lowest body weights was 

recorded in the groups receiving 120mg and 200mg/kg CrCl3 .   
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Sirirat et al. (2012) investigated the effects of different levels nanoparticles of 

chromium picolinate (NanoCrPic) at 500 and 3000 ppb  Cr levels on the performance of 

broilers and indicated that there were no significant differences in average body weight 

gain between groups, but feed conversion ratio in 3000 ppb group was better than the 

control group during 1 to 21 days. Feed intake significantly reduced in both NanoCrPic 

supplemented groups. 

Toghyani et al. (2012) evaluated the effects of 500, 1,000, and 1,500 μg/kg Cr in 

the form of Cr nicotinate and Cr chloride in heat stressed broilers and recorded increased 

feed consumption and body mass gain of broilers fed organic and inorganic Cr 

particularly at 1,500 μg/kg incorporation, whereas feed efficiency was not influenced by 

dietary Cr. 

Ebrahimzadeh et al. (2013) investigated the effects of different levels of 

chromium methionine (200, 400, 800 ppb) on the performance of broiler chickens under 

conditions of heat stress and noticed that the body weight  and feed intake of the broilers 

supplemented with Cr increased at 800 ppb concentrations of Cr, while the feed 

efficiency remained unaffected by Cr supplementation.  

Habibian et al. (2013) concluded that 600 and 1,200 ppb Cr in the form of Cr 

chloride (CrCl3) and Cr L-methionine in broilers did not affect the body mass, feed 

intake and feed conversion ratio. 

Akbari and Torki (2014) found that the body weight, feed intake and feed 

conversion ratio were not affected by supplementation of 1 ppm Cr picolinate in female 

broilers. 
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Lin et al. (2015) conducted a study to investigate the effect of dietary 

supplementation of 1200 ppb Cr as chromium chloride (CrCl3), chromium picolinate 

(CrPic) and nanoparticle chromium picolinate (NanoCrPic) on growth performance of 

broilers and noted that body weight and feed efficiency were not influenced by any of the 

Cr sources except that the feed intake of 4-5 weeks showed better result in the 

CrCl3 group than that in the CrPic group.  

Mohammed et al. (2014) compared inorganic Cr and organic Cr (Cr yeast) at 0.5 

ppm level in broilers and noticed significant improvement in body weight in the birds fed 

both inorganic and organic source of Cr, while feed intake and FCR was not affected.  

Rajalekshmi et al. (2014) evaluated the effects of varying levels of Cr picolinate 

(100, 200, 400, 800, 1600 and 3200 ppb Cr) in broilers under normal rearing conditions 

and noticed that there was no significant response to chromium supplementation on 

weight gain, feed intake and FCR. 

2.11.2 Effect of chromium supplementation on carcass characteristics  

Hossain et al. (1998) supplemented broilers with 400 pbb Cr yeast and found that 

the breast yield as per cent of carcass significantly increased and breast meat ether extract 

significantly reduced, whereas, the carcass yield was not influenced by Cr yeast. 

Lien et al. (1999) supplemented broilers with 800, 1600 and 3200 μg/kg of 

chromium picolinate and found that Cr picolinate significantly reduced abdominal fat 

content and increased liver fat content in 1600 and 3200 μg/kg Cr picolinate group. Liver 

weight was not affected with Cr picolinate supplementation. 
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Sahin et al. (2002a) conducted a study to determine the effects of chromium 

picolinate supplementation at various levels (0, 200, 400,800, or 1200 ppb) on carcass 

characteristics  and observed that increased supplemental chromium resulted in linear 

increase in the yields of hot carcass, chilled carcass, dressed weight, heart, liver, spleen 

and gizzard. Similarly abdominal fat per cent decreased significantly with increasing Cr 

levels.  

Sahin et al. (2003) reported significant  increase in live weight,  hot carcass 

weight,  chilled carcass weight,  hot dressed yield, chilled dressed yield, heart weight, 

liver weight, spleen weight and gizzard weight in male broiler chicks upon 

supplementation with 400 ppb Cr as Cr picolinate, while, abdominal fat weight was 

significantly reduced with Cr supplementation. 

Ahmad et al. (2004) found that feeding broilers with high levels of Cr chloride 

caused a decrease in relative mass of kidney, lung and heart to body mass without 

producing pathological alterations at gross and microscopic levels. 

Debski et al. (2004) found that supplementation of Cr yeast to broilers in an 

industrial farming system at 0.2 ppm level significantly increased pectoral muscle weight, 

but did not increase the carcass yield.  

Kroliczewska et al. (2005) evaluated the performance of broilers supplemented 

with 300and 500 ppb Cr yeast and recorded significant improvement in dressing 

percentage in group that received 500 ppb Cr yeast. However, breast muscle and leg 

muscle yield was unaffected by Cr supplementation. The organoleptic evaluation of 

breast and leg muscles did not show any difference between different groups. 
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Suksombat and  Kanchanatawee (2005) supplemented broilers with two organic 

chromium products, chromium yeast and chromium picolinate and one inorganic product, 

chromium chloride at the rate of 200, 400 and 800 ppb and found that the carcass 

percentage of broilers receiving 200 and 400 ppb organic chromium (Cr-Yeast or Cr-Pic) 

was significantly increased. In addition, the supplementation of organic chromium 

reduced breast meat fat content but increased breast meat protein content. The addition of 

chromium in the diet had no effect on boneless breast, skinless boneless breast, boneless 

leg, skinless boneless leg but reduced percentage of sirloin muscle. 

Anandhi et al. (2006) supplemented 250, 500 and 750 ppb organic Cr to broilers 

and the results revealed no significant difference in eviscerated weight, ready-to-cook 

percentage and giblets weights between treatment.  

Toghyani et al. (2006) evaluated the effect of supplementing Cr picolinate in 

broilers and noticed that carcass yield significantly increased and fat per cent 

significantly reduced with 500, 1000 or 1500 ppb Cr levels, where as weights of liver, 

heart, pancreas and gall bladder did not differ from that of control upon Cr 

supplementation.  

Jackson et al. (2008) studied the effect of supplementing 200, 400, or 800 ppb Cr 

as chromium propionate in broilers and found that the carcass characteristics viz., carcass 

yield, fat pad weight, breast meat weight, drip loss, cook loss and moisture gain due to 

chilling were not influenced by the dietary Cr.  
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Samanta et al. (2008a) supplemented heat stressed broilers with 0.5 or 1.0 ppm Cr 

as Cr picolinate and observed improved yield of carcass, breast, legs, wings, frame and 

giblets owing to Cr supplementation. 

Samanta et al. (2008b) fed inorganic trivalent chromium as chromic chloride 

hexahydrate (0.5 ppm) and recorderd significant improvement in hot and dressed carcass 

weight and weight of the wholesale cuts (breast, back, thigh, drumstick) compared to the 

control group.  

Kheiri and Toghyani (2009) studied the effects of supplementing 400, 800, 1200 

and 1600 ppb Cr as CrCl3 to broilers and noticed that the carcass yield significantly 

increased in 1600 ppb Cr group and abdominal fat per cent decreased in 1200 and 1600 

ppb Cr supplemented groups. The weight of liver and pancreas was not affected by Cr 

influence. 

Zha et al. (2009) assessed the effects of different forms of Cr (500 μg/kg), namely 

Cr nanocomposite (CrNano), Cr picolinate and Cr chloride on carcass characteristics in 

heat stressed broiler chicks. CrNano significantly increased eviscerated yield, breast 

muscle and leg muscle yields. Abdominal fat content was significantly decreased by both 

CrNano and Cr picolinate. 

Al-Mashhadani et al. (2010) studied the effects of supplementing 0.5, 1.0, 1.5 and 

2.0 ppm Cr yeast in broilers and found that the yields of carcass, thigh, breast and 

drumstick were not influenced by Cr in the diet. 
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Ibrahim et al. (2010) fed different levels of Cr yeast (0.5, 1.0, 1.5 and 2.0 mg/Kg) 

to broilers and found that Cr did not influence the per cent weights of liver, gizzard and 

heart.  

Nagheih et al. (2010) evaluated the effects of different forms of Cr viz., CrCl3, Cr 

yeast, Cr nicotinate and Cr methionine at 600 and 1200 ppb levels in broilers and 

recorded increase in carcass yield in 1200 ppb Cr methionine group and abdominal fat 

was reduced in 600 ppb CrCl3 group.  

Moeini et al. (2011) supplemented broilers under heat stress with Cr-L-

methionine and CrCl3 (800 and 1200 ppb each) and concluded that the per cent yield of 

carcass, heart, liver, pancreas and abdominal fat were unaffected by the dietary Cr 

supplementation.  

Ghanbari et al. (2012) found that supplementation of Cr picolinate at 400, 800, 

1200, 1600 and 2000 ppb levels in broilers did not influence the yields of carcass, breast 

meat, thigh meat, liver, pancreas and abdominal fat.  

Noori et al. (2012) recorded significant reduction in abdominal fat, increase in 

breast and leg weights of the broilers supplemented with 200 and 800 ppb Cr methionine, 

but showed no significant effects on the heart, liver or spleen weights as percentage of the 

live weight.  

Toghyani et al. (2012) evaluated the effects of 500, 1,000, and 1,500 μg/kg Cr in 

the form of Cr nicotinate and Cr chloride in heat stressed broilers and recorded significant 

increase in carcass yield and reduction in abdominal fat content at all levels of both the 
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sources of Cr supplementation. Weights of liver and pancreas were not affected by the Cr 

influence. 

Rao et al. (2012) conducted an experiment to study the  effect of supplementing 

graded concentrations (0, 100, 200, 300, or 400 μg/kg diet) of organic chromium  

(Cr-amino acid chelate) on carcass traits of broilers and found that body mass loss during 

pre-slaughter holding period (12 h) reduced and relative breast mass increased linearly 

(P<0.01) with concentration of Cr in the diet. The relative weights of liver, abdominal fat, 

and ready to cook yields at 42 days of age were not affected by supplementing organic Cr 

in broiler diet.  

Sirirat et al. (2012) investigated the effects of different levels nanoparticles of 

chromium picolinate (NanoCrPic) at 500 and 3000 ppb  Cr levels on the carcass 

characteristics of broilers and indicated that there were no significant effect of  

NanoCrPic on carcass weight, dressing percentage, weights of liver, spleen and thigh.  

Ebrahimzadeh et al. (2013) investigated the effects of different levels of 

chromium methionine (200, 400, 800 ppb) on the carcass traits of broiler chickens under 

conditions of heat stress and noticed that the Carcass yield, breast yield and thigh yield 

increased and abdominal fat content reduced in 400 and 800 ppb Cr supplemented 

groups. However, the liver and heart weights were not influenced by Cr in the diet. 

Mohammed et al. (2014) compared inorganic Cr and organic Cr (Cr yeast) at 0.5 

ppm level in broilers and noticed that the dressing percentage and the yields of liver, 

heart, stomach and intestine were not influenced by either of the sources of Cr. 
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Rajalekshmi et al. (2014) evaluated the effects of varying levels of Cr picolinate 

(100, 200, 400, 800, 1600 and 3200 ppb Cr) in broilers under normal rearing conditions 

and noticed that, with increased chromium dosage, the breast meat yield improved 

linearly. Whereas, ready to cook yield, weights of liver, heart, gizzard and abdominal fat 

were not influenced by Cr supplementation. 

2.11.3 Effect of chromium supplementation on meat quality (composition, 

cholesterol)  

Sands and Smith (1999) supplemented 200 and 400µg/ kg Cr picolinate broilers 

and reported increased protein and reduced ether extract from thigh portion under heat 

stress condition. 

Debski et al. (2004) found that supplementation of Cr yeast to broilers in an 

industrial farming system at 0.2 ppm level significantly decreased fat content of muscles 

and cholesterol content in pectoral muscles and liver.  

Kroliczewska et al. (2005) evaluated the performance of broilers supplemented 

with 300 and 500 ppb Cr yeast and found that the crude protein, crude fiber, ash and pH 

of breast and leg muscles were unaffected by Cr supplementation. Whereas, the 

cholesterol content of breast and leg muscles was significantly reduced by both the levels 

of Cr yeast incorporation in the diet. 

Anandhi et al. (2006) supplemented 250, 500 and 750 ppb organic Cr to broilers 

and the results revealed that the thigh meat and breast meat protein increased and 
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cholesterol content of thigh meat and breast meat reduced significantly in the Cr treated 

groups. Whereas, the fat content of thigh meat and breast meat was not influenced by Cr.   

Toghyani et al. (2006) reported significant reduction in lipid oxidation in thigh 

meat and breast meat of broilers receiving different levels of Cr picolicate (500,1000and 

1500 ppb) on day 2 and day 6 of meat storage. 

Samanta et al. (2008a) supplemented heat stressed broilers with 0.5 or 1.0 ppm Cr 

as Cr picolinate and observed significant improvement in protein accretion and reduction 

in fat content of meat due to Cr supplementation.  

Samanta et al. (2008b) fed inorganic trivalent chromium as chromic chloride 

hexahydrate (0.5 ppm) and recorderd significant improvement in protein content and 

protein accretion by dietary Cr and meat fat content and fat accretion were lower in birds 

receiving dietary Cr supplementation compared to the control group.  

Toghyani et al. (2008) compared the effects of different levels of Cr nicotinate 

and Cr chloride (500, 1000 or 1500 ppb  Cr) on meat quality and recorded significant 

increase in breast meat protein content in 1000 ppb Cr chloride and all the levels of Cr 

nicotinate.  Thigh meat protein content and lipid content of breast and thigh meat were 

not affected by the dietary treatments. Following two days of refrigerated storage, lipid 

oxidation (as measured by the content of malonaldehyde levels) in breast and thigh 

meat was significantly reduced by all the levels of Cr nicotinate and by 1000 ppb Cr 

chloride in thigh meat and 500 and 1500 ppb Cr chloride in breast meat. Lipid oxidation 

following six days of storage was not influenced by Cr in the diet. 
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Zha et al. (2009) assessed the effects different forms of Cr (500 μg kg
-1

), namely 

Cr nanocomposite (CrNano), Cr picolinate and Cr chloride on breast meat quality in heat 

stressed broiler chicks. Supplementation of CrNano in the diets significantly increased 

the protein contents in breast and thigh muscles, lowered the cholesterol contents in 

breast and thigh muscles and decreased the fat content in thigh muscles. Cr picolinate 

significantly increased thigh muscle protein content and decreased thigh muscle fat and 

cholesterol levels. 

Al-Mashhadani et al. (2010) studied the effects of supplementing 0.5, 1.0, 1.5 and 

2.0 ppm Cr yeast on broiler meat quality and found that the protein percentage of breast 

and thigh meat significantly increased at all levels of Cr. The fat percentage of breast and 

thigh meat significantly reduced by Cr. However, the moisture and ash content of breast 

and thigh meat were not affected by Cr yeast supplementation.  

Ibrahim et al. (2010) fed different levels of Cr yeast (0.5, 1.0, 1.5 and 2.0 mg kg
-1

) 

to broilers and recorded significant increase in  protein percentage of breast and thigh 

meat and significant reduction in fat percentage of breast and thigh meat.   

Javed et al. (2010) reported significant decrease in crude fat and cholesterol 

content in breast meat and thigh meat and significant increase in crude protein content in 

breast meat and thigh meat in broilers supplemented with 2 ppm chromium chloride.  

Toghyani et al. (2010) found that supplementation of broilers with 200, 400, 800 

and 1200 μg kg
-1

 Cr in the form of Cr yeast did not affect the moisture, protein, fat 

content and pH of thigh meat, however, significantly reduced lipid oxidation (Thio 
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Barbioturic Acid Reactive Substances content (TBARS)) of thigh meat at all levels of Cr 

yeast.  

Toghyani et al. (2012) evaluated the effects of 500, 1,000, and 1,500 μg kg
-1

 Cr in 

the form of Cr nicotinate and Cr chloride in heat stressed broilers and recorded significant 

decrease in lipid oxidation of breast and thigh muscles over 2 or 6 days of storage time 

with Cr  supplementation as measured by the content of malonaldehyde in meat. 

2.11.4 Effect of chromium supplementation on serum biochemistry 

Lien et al. (1999) supplemented broilers with 800, 1600 and 3200 μg kg
-1

 of 

chromium picolinate and found that Cr picolinate significantly decreased serum glucose, 

non esterified fatty acids, VLDL and LDL contents. Cr picolinate increased serum HDL 

and phospholipid contents. Also, the serum triacylglycerol (TG) clearance rate in 

chromium-supplemented groups was markedly enhanced.  

Sahin et al. (2002a) conducted a study to determine the effects of chromium 

picolinate supplementation at various levels (0, 200, 400,800, or 1200 ppb) on serum 

biochemistry  and observed that increased supplemental chromium resulted in linear 

increase in the levels of serum total protein, insulin, T3 and T4. There was linear decrease 

in the levels of serum glucose, cholesterol and corticosterone with increasing Cr levels in 

the diet. 

Sands and Smith (2002) recorded significant reduction in plasma glucagon 

concentrations in 400 ppb chromium picolinate supplemented heat stressed broilers. 
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However, serum TG, high density lipoprotein (HDL) cholesterol, total cholesterol and 

nonesterified fatty acid (NEFA) concentrations were not affected by Cr supplementation.  

Uyanik et al. (2002a) found that supplementation of broiler chicks with 20, 40, or 

80 mg/kg Cr as CrCl3 did not affect serum cholesterol and P levels but reduced serum 

glucose and increased serum protein, Cr, Ca, and Mg levels,and ALP activity. A slight 

reduction was observed with Cr supplementation in cortisol levels. 

Sahin et al. (2003) studied the effect of supplementation of male broiler chicks 

with 400 ppb Cr as Cr picolinate  on some serum hormones and metabolites and reported 

significant increase in Insulin, T3 (Triiodothyronine), T4 (Thyroxine), and total protein 

and significant reduction in corticosterone, glucose, cholesterol and malondialdehyde 

levels in serum.  

Eren and Baspinar (2004) fed broilers with 20 ppm CrCl3 and recorded significant 

increase in serum aspartate amino transferase (AST), creatine kinase (CK), P, K and Cr 

levels. However, the total protein, albumen and globulin levels in the serum were not 

affected by supplemental Cr.  

Kroliczewska (2004) recorded significant reduction in serum total cholesterol, 

LDL cholesterol, triglycerides and increase in serum glucose in broilers receiving 300 

and 500 ppb Cr yeast both at 21 days and 42 days of age. The levels of total protein and 

Cr in the serum were not influenced by Cr yeast supplementation. 

Suksombat and  Kanchanatawee (2005) supplemented broilers with two organic 

chromium products, chromium yeast and chromium picolinate and one inorganic product, 
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chromium chloride at the rate of 200, 400 and 800 ppb and found that total cholesterol 

and triglycerides were reduced by organic Cr supplementation (200 and 400 ppb of both 

Cr-Yeast and Cr-Pic). However, LDL increased with increasing level of Cr 

supplementation.   

Bakhiet and Elbadwi (2007) evaluated the effects of dietary chromium 

supplementation in the form of CrCl3 (0.2, 0.3 and 0.4 ppb Cr) on the serum parameters 

in Bovans-type chicks and observed that Cr decreased the serum total cholesterol, LDL 

cholesterol, triglycerides and glucose concentrations significantly, whereas, serum HDL 

and cholesterol were increased. Serum total protein concentration, AST and ALP 

activities slightly but not significantly increased in all Cr treated groups.  

Patil et al. (2008a) supplemented broilers with 200, 400 and 600 ppb Cr picolinate 

and found significant reduction in serum total cholesterol, glucose, LDL cholesterol and 

triglyceride levels. However, serum HDL cholesterol was significantly increased with Cr 

supplementation.   

Samanta et al. (2008a) supplemented heat stressed broilers with 0.5 or 1.0 ppm Cr 

as Cr picolinate and observed significant reduction in the serum cholesterol, 

triacylglycerol, cortisol, protein and globulin levels. However, the serum albumin and 

glucose levels remained unaffected by the dietary Cr levels. 

Samanta et al. (2008b) fed inorganic trivalent chromium as chromic chloride 

hexahydrate (0.5 ppm) and found that the serum concentrations of glucose, cholesterol, 

protein and triglycerides were not affected by Cr supplementation.  
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Al-Bandr et al. (2010) evaluated the effects of supplementing CrCl3 or Cr yeast 

or Cr picolinate (1 mg/Kg) in broilers and recorded significantly higher plasma total 

protein and globulin in the groups that were supplemented with Cr yeast and Cr 

Picolinate, Plasma glucose was lower significantly in Cr yeast supplemented group, 

Plasma total lipid was significantly lowered in Cr Picolinate supplemented group and 

LDL was significantly lower in CrCl3 supplemented group.  

Ibrahim et al. (2010) fed different levels of Cr yeast (0.5, 1.0, 1.5 and 2.0 mg/Kg) 

to broilers and found that Cr significantly reduced glucose, total lipids, cholesterol and 

LDL levels in plasma. supplemental Cr  significantly increased plasma total protein and 

globulin levels. However, triglycerides, HDL, albumin, calcium, phosphorus, creatinine, 

uric acid, ALT, AST and thyroxine levels were not influenced by Cr yeast 

supplementation.  

Navidshad et al. (2010) supplemented broilers with 250, 500, 750, 1000 or 1250 

μg/kg Cr as chromium polynicotinate and found that the Plasma cholesterol concentration 

reduced with 500 and 1000 μg/kg Cr inclusion in the diet, but, triglyceride levels 

remained unaffected. 

Moeini et al. (2011) supplemented broilers under heat stress with Cr-L-

methionine and CrCl3 (800 and 1200 ppb each) and found that the serum glucose and 

cholesterol concentrations significantly decreased with both Cr-methionine and CrCl3 

supplementation. Whereas, triglycerides and LDL decreased only in Cr-methionine 

group. Serum insulin and HDL levels significantly increased in Cr-methionine 

supplemented group.  
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Noori et al. (2011) studied the effects of chromium methionine on serum 

metabolites of broiler chickens and showed that serum glucose, cholesterol and low-

density lipoprotein (LDL) contents were reduced and high-density lipoprotein (HDL) 

increased significantly at all the levels of Cr supplemented. 

Ghazi et al. (2012) carried out an experiment to investigate the effects of different 

levels of organic (chromium L-methionine) and inorganic Chromium (CrCl3) on the 

performance of heat stressed broilers at 600 and 1,200 ppb levels and found that both 

dietary organic and inorganic chromium caused an increase in serum concentrations of Cr 

and Zn, but decreased the serum concentration of Cu.  

Noori et al. (2012) found that 200 and 800 ppb Cr methionine supplementation 

reduced the serum glucose, triacylglycerol levels, phosphorus and calcium levels in 

broilers, while, it increased the serum albumin and total protein levels.   

Raut et al. (2012) supplemented broilers with chromium picolinate (40, 80, 

120mg/kg) and inorganic chromium chloride (80, 120, 200mg/kg feed) and reported that 

the serum glucose and cholesterol decreased significantly in all the groups receiving 

organic and inorganic chromium with increased levels of serum creatinine and AST 

levels. 

Toghyani et al. (2012) evaluated the effects of 500, 1,000, and 1,500 μg/kg Cr in 

the form of Cr nicotinate and Cr chloride in heat stressed broilers and found that birds fed 

1,500 μg/kg Cr nicotinate, had lower concentration of serum glucose and triglyceride at 
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21 days. Other serum biochemical parameters viz., total protein, cholesterol, HDL 

cholesterol and LDL cholesterol were not influenced by Cr supplementation.  

Ebrahimzadeh et al. (2013) investigated the effects of different levels of 

chromium methionine (200, 400, 800 ppb) in broiler chickens under conditions of heat 

stress and noticed that the serum Ca and P were unaffected and alkaline phosphatase 

activity was significantly reduced in all Cr supplemented groups.  

Habibian et al. (2013) concluded that 600, and 1,200 ppb Cr in the form of Cr 

chloride (CrCl3) and Cr L-methionine in broilers had no effect on serum insulin, glucose, 

triglycerides, very low-density lipoprotein cholesterol, lowdensity lipoprotein cholesterol, 

and high-density lipoprotein cholesterol concentrations, whereas total cholesterol 

concentration decreased in chicks fed Cr L-methionine compared to the control. Dietary 

supplementation of Cr from either CrCl3 or Cr L-methionine caused increased serum 

concentrations of Cr. 

Taha et al. (2013) supplemented broilers with chromium chloride (30 mg 

chromium chloride / liter water) and observed that Cr decreased VLDL and LDL but 

increased HDL. A reduction in serum glucose and cholesterol was observed with 

chromium supplementation. However, serum total lipids and triglycerides were not 

significantly decreased. 

Akbari and Torki (2014) found that supplementation of 1 ppm Cr picolinate to 

female broilers significantly reduced serum concentrations of glucose, triglycerides, 

whereas,  but the other blood biochemical parameters viz., cholesterol, HDL, LDL and 
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albumin levels were not affected. Plasma chromium content increased significantly in 

birds fed the Cr picolinate included diet compared with the control group. 

Ebrahimnazhad and Ghanbari (2014) investigated the effect of dietary 

supplementation of 400, 800, 1200, 1600 and 2000 ppb chromium from chromium 

picolinate on blood biochemical parameters of broilers and noticed that the birds 

receiving Cr supplementation had lower LDL, cholesterol, triglyceride and higher total 

protein and insulin concentrations, while the HDL and glucose concentrations were 

unaffected. 

Lin et al. (2015) conducted a study to investigate the effect of dietary 

supplementation of 1200 ppb Cr as chromium chloride (CrCl3), chromium picolinate 

(CrPic) and nanoparticle chromium picolinate (NanoCrPic) on serum traits of broilers 

and the results indicated that the LDL-cholesterol in the NanoCrPic group was lower than 

that in the CrPic group. The triglyceride level in the CrCl3 and  NanoCrPic group was 

lower than that in the CrPic group.The NanoCrpic and CrPic groups showed significantly 

increased serum chromium concentration when compared with the control and 

CrCl3 groups. Serum glucose, cholesterol and HDL-cholesterol levels did not vary among 

different groups.  

Mohammed et al. (2014) compared inorganic Cr and organic Cr (Cr yeast) at 0.5 

ppm level in broilers and noticed that the serum concentrations of glucose and total 

cholesterol were significantly reduced by supplementing Cr yeast. While, the 

concentrations of serum total protein, albumin, globulin, AST and ALT activities were 

not influenced by either of the sources of Cr. 
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Rajalekshmi et al. (2014) evaluated the effects of varying levels of Cr picolinate 

(100, 200, 400, 800, 1600 and 3200 ppb Cr) in broilers under normal rearing conditions 

and noticed that Cr supplementation significantly reduced serum glucose levels and 

increased total protein concentration, while, the albumin levels were not affected by Cr in 

the diet.    

2.11.5 Effect of chromium supplementation on Haematological parameters 

Toghyani et al. (2006) evaluated the effect of supplementing Cr picolinate in 

broilers and noticed that hemoglobin, MCH, MCHC were increased by 1000 ppb 

chromium picolinate supplementation at 42 days age, where as WBC, RBC, PCV, MCV 

and thrombocyte counts did not differ significantly from that of control. 

Raut et al. (2012) supplemented broilers with chromium picolinate (40, 80, 

120mg/kg) and inorganic chromium chloride (80, 120, 200mg/kg feed) and reported that 

groups received Cr-Pic showed increased TEC, Hb and PCV values. Mild heterophillia 

with relative lymphopenia was observed.  

Sirirat et al. (2012) investigated the effects of different levels of nanoparticles of 

chromium picolinate (NanoCrPic) at 500 and 3000 ppb Cr levels on the effect on 

hematological parameters and reported that the addition of NanoCrPic significantly 

increased lymphocytes and decreased both heterophils and H/L ratio in groups receiving 

500 and 3000 ppb Cr levels. Further, WBC, basophils, eosinophils and monocytes counts 

remained unaffected. 
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Toghyani et al. (2012) evaluated the effects of 500, 1,000, and 1,500 μg/kg Cr in 

the form of Cr nicotinate and Cr chloride in heat stressed broilers and found that WBC, 

RBC, haematocrit, haemoglobin, MCV and MCH values were unaffected by Cr 

incorporation in the diet.  However, numerical improvement in WBC, Hb and MCH was 

noticed, more so in Cr nicotinate fed group. 

2.11.6 Effect of chromium supplementation on immunity 

Uyanik et al. (2002a) found that supplementation of broiler chicks with 20, 40, or 

80 mg/kg Cr as CrCl3 Chromium increased the ratio of bursa of Fabricius and liver to 

body weight. Heterophil and monocyte counts and heterophil/lymphocyte ratio were 

reduced and lymphocyte counts, total antibody, IgG, and IgM titers were increased by 

supplemental Cr. All levels of Cr increased the cell-mediated immune response to 

phytohemagglutinin. 

Lee et al. (2003) reported significant increase in antibody titer against Infectious 

Bronchitis (IB) virus at 400 ppb Cr picolinate supplementation and antibody titer against 

Newcastle disease (ND) virus also tended to be higher at six weeks of age in broilers. The 

peripheral blood blastogenesis activity was not different among the treatments.  

Toghyani et al. (2007) supplemented heat stressed broilers with 500, 1000 and 

1500 ppb Cr picolinate and found that antibody titers against Newcastle and Influenza 

virus were elevated. Heterophil to lymphocyte ratios decreased and concentration of 

immunoglobulin G in serum was increased by Cr supplementation. Albumin to globulin 

ratios and weights of lymphoid organs were not influenced by supplemental Cr. 
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Bhagat et al. (2008) supplemented broilers with chromium picolinate (CrPic) at 

the rates of 500, 1000 and 1500 ppb and were inoculated intramuscularly with R2B strain 

of NDV on 49
th

 day to study the IFN-γ expression using quantitative real time PCR post 

immunization. On 3 day post immunization, IFN-γ mRNA expression in spleen was 

about 40 and 27 times higher than controls suggesting that chromium modulates the 

expression of IFN-γ and enhance the IFN-γ mRNA expression in response to NDV.  

Naela et al. (2008) fed organic and inorganic chromium at 4 ppm level to broilers 

and found that HI titres of birds vaccinated against Newcastle disease significantly 

increased in the organic chromium groups, while bursa weight significantly decreased 

and thymus weight significantly increased in the chromium chloride groups. Spleen 

weight was not affected by dietary treatments. 

Patil et al. (2008b) supplememted organic chromium to commercial broilers at 

400 and 600 ppb levels to determine the effect of chromium on the humoral immune 

response and recorded significantly (P<0.05) higher antibody titres against ND virus at 

days 21 and 28 post-vaccination in 400 and 600 ppb chromium supplemented groups.  

Kheiri and Toghyani (2009) studied the effects of supplementing 400, 800, 1200 

and 1600 ppb Cr as CrCl3 to broilers and noticed that the antibody titers against New 

Castles disease virus was significantly higher in birds receiving 1600 ppb Cr. However, 

the weight of lymphoid organs, heterophil to lymphocyte ratio and albumin to globulin 

ratio were unaffected by Cr supplementation. 
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Singh et al. (2009) studied the effect of supplementation of organic chromium 

(500 ppb/litre of water) on the humoral immune response in broilers and found that the 

antibody titre against ND virus, B cell proliferation and bursal weights was significantly 

higher in the Cr supplemented group compared to the control group. 

Ibrahim et al. (2010) fed different levels of Cr yeast (0.5, 1.0, 1.5 and 2.0 mg/Kg) 

to broilers and found that the weight of spleen was significantly increased with Cr 

supplementation, but the weights of bursa and thymus were unaffected.  

Nagheih et al. (2010) evaluated the effects of different forms of Cr viz., CrCl3, Cr 

yeast, Cr nicotinate and Cr methionine at 600 and 1200 ppb levels in broilers and 

recorded significant increase in spleen weight in 600 ppb CrCl3 group and bursa of 

Fabricius in 600 and 1200 ppb and carcass yield in 1200 ppb Cr yeast supplemented 

groups. The albumin to globulin ration was high in 600 ppb CrCl3, 600 ppb Cr 

methionine and 1200 ppb Cr yeast groups. The antibody titers against New Castles 

disease virus and influenza virus were elevated in 1200 ppb and 600 ppb Cr nicotinate 

groups respectively. 

Moeini et al. (2011) supplemented broilers under heat stress with Cr-L-

methionine and CrCl3 (800 and 1200 ppb each) and found that the weights of bursa of 

Fabricius, thymus and spleen were not affected by supplementation of any of the Cr 

forms. 

Bahrami et al. (2012) supplemented 800 or 1,200 ppb of either Cr-L-Methionine 

or CrCl3 in broilers and found that the antibody titers against Newcastle disease virus 
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were higher in broilers that received organic Cr supplements at 18 and 30 d of age. The 

heterophil-to-lymphocyte ratios decreased in broilers receiving the Cr-L-Methionine 

supplements compared with those in other treatments. The albumin to globulin ratios 

were not affected by treatments at 28 days but were increased in the 1,200 ppb of CrCl3 

treatment at 42 days. Lymphoid organ weights did not differ between treatment groups. 

Serum cortisol concentrations were lower and serum IgG concentrations were higher than 

the control in both Cr-L-Methionine and CrCl3 supplemented groups. 

Ebrahimzadeh et al. (2012) reported significant increase in antibody titers against 

Newcastle disease virus (NDV) and infectious bronchitis virus (IBV) in broilers 

supplemented with 200, 400 and 800 ppb Cr methionine. Serum cortisol levels and the 

heterophil to lymphocyte ratios were reduced with Cr methionine supplementation. 

However, lymphoid organs weight was not affected with Cr methionine supplementation. 

Ghazi et al. (2012) carried out an experiment to investigate the effects of different 

levels of organic (chromium L-methionine)  and inorganic Chromium (CrCl3) on the 

performance of heat stressed broilers at 600 and 1,200 ppb levels and found that dietary 

supplementation of both organic and inorganic chromium significantly increased primary 

and secondary antibody responses (IgM and IgG levels in the serum), reduced  heterophil 

to lymphocyte ratio (increased lymphocyte counts), improved  CBH (cutaneous basophil 

hypersensitivity) response as well as relative weights of thymus and spleen. 

Rao et al. (2012) conducted an experiment to study the effect of supplementing 

graded concentrations (0, 100, 200, 300, or 400 μg/kg diet) of organic chromium (Cr-

amino acid chelate) on immune parameters of broilers and found that the cell-mediated 
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immunity (lymphocyte proliferation ratio) increased nonlinearly with dietary Cr 

concentration. The heterophyl to lymphocyte ratio, relative mass of lymphoid organs 

(bursa, spleen, and thymus) and antibody production to Newcastle disease vaccination 

were not affected was not affected by the dieatry treatments. 

Sirirat et al. (2012) investigated the effects of different levels nanoparticles of 

chromium picolinate (NanoCrPic) at 500 and 3000 ppb Cr levels on immunity parameters 

and reported that the the antibody titer against New Castles disease virus increased only 

in 3000 ppb NanoCrPic supplemented group. NanoCrPic significantly increased 

lymphocytes and decreased both heterophils and H/L ratio in groups receiving 500 and 

3000 ppb Cr levels.  

Eze et al. (2014) reported that supplementation of 400 ppb Cr from Cr propionate 

to broilers increased antibody titer against ND virus. 

Rajalekshmi et al. (2014) evaluated the effects of varying levels of Cr picolinate 

(100, 200, 400, 800, 1600 and 3200 ppb Cr) in broilers under normal rearing conditions 

and found that Cr supplementation significantly increased antibody titer against ND 

virus, lymphocyte proliferation ratio and reduced Heterophil:lymphocyte (H:L) ratio. But, 

the weights of spleen, thymus and bursa of Fabricius were not influenced by Cr 

supplementation. 

2.11.7 Effect of chromium supplementation on tissue Cr levels 

Jamal et al. (1991) studied distribution of chromium in the internal organs of 

growing chicks supplemented with different concentrations of dietary chromium (100, 
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1000 or 5000 g/kg of diet) as potassium chromate (K2CrO4) for 3 weeks. More Cr was 

accumulated in the kidney, liver, pancreas and spleen than in the blood, muscle, heart and 

lung. A very small amount was found in the brains of the birds. 

Hossain et al. (1998) supplemented broilers with 300 and 600 ppb Cr yeast and 

found that the Chromium concentration in breast meat, liver and serum were significantly 

increased in Cr yeast treated groups when compared to the control. 

Debski et al. (2004) found that supplementation of Cr yeast to broilers in an 

industrial farming system at 0.2 ppm level significantly increased Cr content in pectoral 

muscles.  

Samanta et al. (2008b) fed inorganic trivalent chromium as chromic chloride 

hexahydrate (0.5 ppm) and found that the Cr concentration in the meat and serum   were 

significantly higher in Cr supplemented group compared to the control group.  

Zha et al. (2009) comparatively assessed the effects different forms of Cr (500 

μg/kg), namely Cr nanocomposite (CrNano), Cr picolinate and Cr chloride on tissue 

chromium content in heat stressed broiler chicks. Dietary addition of CrNano, Cr 

picolinate and CrCl3 resulted in significant increase in Cr content in serum, liver, kidney, 

breast and thigh muscles. Moreover, supplemental CrNano produced significant 

increments of Cr deposit in serum all tissues when compared to Cr picolinate and Cr 

chloride. 

Al-Bandr et al. (2010) evaluated the effects of supplementing CrCl3 or Cr yeast or 

Cr picolinate (1 mg/Kg) in broilers and recorded significantly increased chromium levels 



62 

6
2
 

in liver and muscles in CrCl3 and Cr picolinate supplemented groups while plasma 

chromium increased only in CrCl3 group.  

Ibrahim et al. (2010) fed different levels of Cr yeast (0.5, 12.0, 1.5 and 2.0 ppm) 

to broilers and found that the chromium levels in  liver, muscle and  plasma was 

significantly increased with Cr supplementation.   

Sirirat et al. (2012) investigated the effects of different levels of nanoparticles of 

chromium picolinate (NanoCrPic) at 500 and 3000 ppb Cr levels on the effect on liver 

mineral content of Cr, Cu, Zn, Fe, Mn, Ca and P and recorded significantly increased 

content of   Cr, Ca and P in the livers of the groups receiving 500 and 3000 ppb Cr levels. 

Toghyani et al. (2012) evaluated the effects of 500, 1,000, and 1,500 μg/kg Cr in 

the form of Cr nicotinate and Cr chloride in heat stressed broilers and recorded significant 

increased in Cr content in liver in 1500 μg/kg Cr as Cr chloride supplemented group.  

2.11.8 Effect of chromium supplementation on bioavailability of minerals/ 

nutrients 

Sirirat et al. (2012) investigated the effects of different levels of nanoparticles of 

chromium picolinate (NanoCrPic) at 500 and 3000 ppb Cr levels on the effect on mineral 

retension ratios of Cr, Cu, Zn, Fe, Mn, Ca and P and recorded significantly increased 

retension ratios of Cr, Zn, Fe, Mn, Ca and P in groups receiving 500 and 3000 ppb Cr 

levels. 

Lin et al. (2015) conducted a study to investigate the effect of dietary 

supplementation of 1200 ppb Cr as chromium chloride (CrCl3), chromium picolinate 
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(CrPic) and nanoparticle chromium picolinate (NanoCrPic) on on nutrients and 

chromium utilization in broilers and the results indicated that the Crude fat utilization in 

CrCl3 group was significantly lower than that in the control group. Chromium utilization 

was highest in NanoCrPic group, followed by CrPic and CrCl3 groups.  

2.11.9 Effect of chromium supplementation on miscellaneous effects 

Uyanik et al. (2002a) found that supplementation of broiler chicks with 20, 40, or 

80 mg/kg Cr as CrCl3 and the results revealed no gross lesions or histological and 

pathological changes were observed by macroscopical and microscopical examinations of 

tissues.  

Naveenkumar et al. (2005) studied the effect of Cr in aflatoxin induced toxicity in 

broilers wherein 200 ppb Cr was supplemented along with 1 ppm aflatoxin B1 and found 

that glutathione concentration was increased in Cr supplemented group when compared 

with the aflatoxin B1 control group. 

Al-Mashhadani et al. (2010) studied the effects of supplementing 0.5, 1.0, 1.5 and 

2.0 ppm Cr yeast on the activities of digestive enzymes in the intestine and found 

significant increase in amylase activity in jejunum and ileum in Cr supplemented birds, 

while, the activities of lipase, trypsin and chymotrypsin was unaffected by Cr in the diet. 

Rao et al. (2012) conducted an experiment to study the effect of supplementing 

graded concentrations (0, 100, 200, 300, or 400 μg/kg diet) of organic chromium (Cr-

amino acid chelate) on stress parameters of broilers and found that lipid peroxidation 
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decreased, while activities of glutathione peroxidase and glutathione reductase in plasma 

increased nonlinearly with Cr supplementation. 

Raut et al. (2012) supplemented broilers with chromium picolinate (40, 80, 120 

mg/kg) and inorganic chromium chloride (80, 120, 200 mg/kg feed) and noticed that 

liver showed granular degenerative changes, periportal and perivascular necrosis with 

bile duct hyperplasia in birds receiving higher doses of chromium. Various degenerative 

changes in tubular epithelium and accumulation of hyaline cast in kidney tubules. 

Hyalinization of glomeruli and interstitial nephritis along with fibrous tissue proliferation 

were evident in group receiving higher dose of CrCl3. 

2.12 Effect of chromium supplementation in layers 

2.12.1 Effect of chromium supplementation on egg production performance 

Kim et al. (1997) conducted an experiment to investigate the effects of different 

levels of dietary chromium as chromium picolinate (0, 200, 400, 800 ppb chromium) on 

egg production in brown layers fed diets with two levels of dietary protein (14 % and 16 

%). The highest egg production was found in 800 ppb chromium picolinate 

supplementation group with 16 per cent protein level. Feed intake and feed per kg eggs 

produced was not affected by dietary Cr.  

Sahin et al. (2001) evaluated the effects of chromium picolinate at 100, 200 or 

400 ppb levels on performance of laying hens under a low ambient temperature (6.9 °C). 

Increasing supplemental chromium increased live weight change, egg production and 

also improved feed efficiency linearly.   
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Sahin and  Sahin (2001) supplemented three levels of chromium picolinate (200, 

400, or 800 μg/kg of diet) to 32 week-old laying hens at low ambient temperature (6.2°C) 

and recorded significant improvement in body weight gain, egg production and feed 

efficiency, while feed intake was unaffected by Cr supplementation.  

Sahin et al. (2002b) supplemented 400 ppb chromium picolinate to layers of 32 

weeks age at low ambient temperature and found that supplemental chromium increased 

live weight change, egg production and improved feed efficiency. Feed intake was not 

statistically different from that of the control group. 

Sahin et al. (2002c) conducted an experiment to evaluate the effects of chromium 

picolinate supplementation on egg production in laying hens kept at 18°C (at thermo-

neutral zone) or 6°C (cold stress) in temperature-controlled rooms. Performance was 

significantly reduced in LTB group compared with TNB group. Supplemental chromium 

significantly increased live weight change, egg production, and improved feed efficiency 

in cold-stressed hens compared with group fed the basal diet at 6°C brought up to the 

values of the group reared under thermoneutral conditions (18°C). 

Uyanik et al. (2002b) supplemented Hyline layers with 20 ppm Cr (CrCl3.6H2O) 

and noticed 1.88% reduction in feed consumption and 4.28 per cent improvement in the 

efficiency of feed utilisation. Chromium in feed had no effect on live weight change and 

overall mean egg production.  

Mathivanan and Selvaraj (2003) found that supplementation of layers with 250. 

500 and 750 mg of chromium piconalate per kilogram of feed with basal diet for 12 
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weeks did not affect egg production. However, addition of chromium at 500 mg and 

above per kg of feed significantly reduced the feed consumption and improved the feed 

efficiency.  

Piva et al. (2003) evaluated the effects of supplementing different forms of Cr 

viz., chromium chloride (CrCl3), chromium yeast and chromium aminoniacinate in layers 

at  a final concentration of 0.14, 21.11, and 131.51 g/kg, respectively for a short period (5 

weeks). After 5 weeks, health status, egg production and feed intake did not differ 

between experimental and control groups. 

Lien et al. (2004) evaluated the effect of Cr picolinate (0, 800 and 1600 mg/kg) 

on egg production  in forty five weeks old White Leghorn layers and recorded lack of 

effect of Cr on egg production.  

Du et al. (2005) evaluated  the effects of adding yeast chromium (0, 400 and 600 

μg/kg)  on lipid metabolism of laying hens for seven weeks and observed that daily per 

cent lay, mean egg weight, egg mass/day,  feed consumption and feed per egg were not 

affected by supplementing Cr in the diet. In addition, Cr supplementation caused 

reduction in abdominal fat per cent, liver triglyceride and liver total cholesterol. 

Jing et al. (2009) conducted an experiment to determine the effect of yeast 

selenium (0.5 ppm), chromium picolinate (CrPic, 0.4 ppm) and their interaction on the 

performance of laying hens. The results showed that egg production in groups 

supplemented with yeast selenium and its combination with CrPic was significantly 

higher, while the ratio of feed to egg decreased. 



67 

6
7
 

Eseceli et al. (2010) observed that supplementation of Cr yeast to 40 weeks age 

layers till 47 weeks at 150 ppb Cr concentration did not affect live weight and egg 

production, whereas, feed consumption decreased by 1.9 per cent and feed conversion 

rate improved by 3.5 per cent. 

Hanafy (2011) conducted a study to assess the effects of organic chromium 

supplementation (Cr yeast) at 0 (Control), 250, 500, 1000 and 1500 ppb chromium levels 

on productive traits of Bandarah laying hens of 32 weeks age.  The results indicated that 

Cr had no significant effect on overall mean of body weight and feed consumption, while, 

significantly improved egg production.  

Rajendran et al. (2012) conducted an experiment for a period of four weeks to 

study the stress relieving effect of chromium supplementation on production performance 

in Newcastle disease (ND) affected laying hens of 33 weeks age. The birds were 

supplemented with chromium chloride, organochromium enriched yeast (OCEY), 

chromium yeast or chromium picolinate at 200 ppb level. Weekly average egg production 

was maximum in laying hens supplemented with yeast followed by chromium picolinate 

and OCEY groups. Organic chromium supplementation reduced the mortality 

significantly. No significant difference was observed in feed intake. Feed efficiency was 

improved in all Cr fed groups compared to the control. 

Abdallah et al. (2013) supplemented 40 weeks age laying hens with 0 (control), 

200, 400, 600 and 800 ug of Cr/kg of diet as Chromium Picolinate. Increased dietary 

chromium picolinate levels resulted in an increase in weight gain, improved feed 
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conversion and did not affect feed consumption of hens. Inclusion of chromium 

picolinate significantly increased egg production per cent and egg mass.  

Sirirat et al. (2013) studied the effects of various levels of nanoparticles 

chromium picolinate (0, 500, 3000 ppb Cr) on performance of seventy-week old post-

molt laying hens.  The results of the experiment indicated that there were no significant 

effects on body weight, feed intake, feed efficiency and egg production of layers.  

Ma et al. (2014) found that supplementation of chromium propionate (0, 200, 400, 

and 600 μg/kg chromium) on egg production  in late-phase laying hens resulted in 

increased egg production with  addition of 400 μg/kg Cr during the later 4 weeks, while, 

feed to egg ratio was not influenced.  

Rajendran et al. (2014)  supplemented New Castles disease affected layers with 

300 ppb Cr in the form of chromium chloride, chromium yeast or chromium picolinate 

for six weeks and noticed that average egg production was significantly high in the 

control group (Unaffected by ND)  followed by Cr yeast supplemented group (affected 

by ND). The feed intake was similar in all groups except the control group.   

 Torki et al. (2014) observed that upon supplementation of 200 and 400 μg/kg 

of chromium as  chromium picolinate in heat-stressed laying hens from 66 to 74 weeks of 

age and the results revealed that feed intake increased when birds were given either 400 

μg/kg chromium, while,  egg production and body mass were unaffected. 
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2.12.2 Effect of chromium supplementation on egg quality 

Kim et al. (1997) conducted an experiment to investigate the effects of different 

levels of dietary chromium as chromium picolinate (0, 200, 400, 800 ppb chromium) on 

protein and ether extract content of eggs in brown layers fed diets with two levels of 

dietary protein (14 % and 16 %). Crude protein content in yolk was significantly higher 

in eggs of layers that received 800 ppb chromium picolinate and the lowest in eggs from 

layers supplemented with 400 ppb chromium picolinate. Ether extract content of egg yolk 

did not vary with supplementation of chromium picolinate in either of the protein levels. 

Sahin and  Sahin (2001) supplemented three levels of chromium picolinate (200, 

400, or 800 μg/kg of diet) to 32 week-old laying hens at low ambient temperature (6.2°C) 

and recorded significant improvement in egg weight,  specific  gravity, eggshell weight,  

eggshell thickness and  Haugh unit.  

Sahin et al. (2002b) supplemented 400 ppb chromium picolinate to layers of 32 

weeks age at low ambient temperature and found that supplemental chromium increased 

egg weight, eggshell weight, eggshell thickness, egg specific gravity, and Haugh unit. 

Sahin et al. (2002c) conducted an experiment to evaluate the effects of chromium 

picolinate supplementation on egg production in laying hens kept at 18°C (at thermo-

neutral zone) or 6°C (cold stress) in temperature-controlled rooms. Egg quality was 

significantly reduced in LTB group compared with TNB group. Supplemental chromium 

increased egg weight, specific gravity, shell weight, shell thickness and Haugh unit.  



70 

7
0
 

Uyanik et al. (2002b) supplemented Hyline layers with 20 ppm Cr (CrCl3.6H2O) 

and noticed that Cr had no effect on egg weight, specific gravity, shape index, shell 

thickness and Haugh unit, but increased shell breaking strength, albumen and egg yolk 

index values. 

Mathivanan and Selvaraj (2003) found that supplementation of layers with 250, 

500 and 750 mg of chromium picolinate per kilogram of feed with basal diet for 12 

weeks did not affect egg quality parameters like egg weight, shape index, albumen index, 

yolk index, yolk colour and shell thickness. However, it improved the Haugh unit 

significantly. 

Piva et al. (2003) evaluated the effects of supplementing different forms of Cr 

viz., chromium chloride (CrCl3), chromium yeast and chromium aminoniacinate in layers 

at  a final concentration of 0.14, 21.11, and 131.51 g/kg, respectively for a short period (5 

weeks). After 5 weeks, egg weight, yolk weight, albumen weight, egg shell weight, yolk 

dry matter content and Haugh unit score did not differ between experimental and control 

treatments. 

Lien et al. (2004) evaluated the effect of Cr picolinate (0, 800 and 1600 mg kg
-1

) 

on egg quality in 45 weeks old White Leghorn layers and recorded lack of effect of Cr on 

egg weight, egg shell strength and egg shell thickness.  

Usha and  Palod (2009) recorded that supplementation of chromium picolinate 

(240 and 480 ppb Cr) to 40 weeks age layers did not affect Shape index, albumen index 

and yolk index of eggs, whereas haugh unit was significantly improved by chromium 

http://www.cabdirect.org/search.html?q=au%3A%22Usha%22
http://www.cabdirect.org/search.html?q=au%3A%22Jyoti+Palod%22
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supplementation. The protein content of egg was increased and fat was decreased due to 

chromium picolinate supplementation. 

Eseceli et al. (2010) observed that supplementation of Cr yeast to 40 weeks age 

layers at 150ppb Cr concentration did not affect egg weight, egg specific gravity, shell 

thickness, shape index and Haugh unit score, while, albumen index and yolk index 

significantly increased with Cr supplementation.  

Hanafy (2011) conducted a study to assess the effects of organic chromium 

supplementation (Cr yeast) at 0 (Control), 250, 500, 1000 and 1500 ppb chromium levels 

on egg quality traits of Bandarah laying hens of 32 weeks age.  The results indicated that 

Cr significantly improved egg weight, yolk index, albumen index, Haugh unit, shell 

thickness and percentage of albumen and shell. However, yolk per cent significantly 

reduced with increasing concentration of Cr. 

Rajendran et al. (2012) conducted an experiment for a period of 4 weeks to study 

the stress relieving effect of chromium supplementation on production performance in 

Newcastle disease (ND) affected laying hens of 33 weeks age. The birds were 

supplemented with chromium chloride, organochromium enriched yeast (OCEY), 

chromium yeast or chromium picolinate at 200 ppb level. No significant difference was 

observed in egg shell thickness among the treatment groups. The egg shell weight was 

significantly high in the control birds than other treatment groups except for OCEY 

supplemented group.  
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Abdallah et al. (2013) supplemented 40 weeks age laying hens with 0 (control), 

200, 400, 600 and 800 µg of Cr/kg of diet as Chromium Picolinate. Egg yolk per cent, 

and yolk index were significantly increased as dietary chromium picolinate levels 

increased. No significant differences were found in egg shape index, egg albumen per 

cent, shell weight and Albumen index with supplementation of Cr. 

Sirirat et al. (2013) studied the effects of various levels of nanoparticles 

chromium picolinate (0, 500, 3000 ppb Cr) on performance of seventy-week old post-

molt laying hens.  The results of the experiment indicated that there was significant 

increase in the Haugh unit, albumen index and yolk index in Cr supplemented groups at 

60 days. No Significant diifference in yolk weight, albumen weight, yolk ratio, egg 

weight, egg strength, egg shell thickness and egg shell ratio was noticed with Cr 

supplementation at 30 days. However, at 60 days, yolk weight, yolk ratio, egg shell ratio 

significantly reduced, while albumen weight and albumen ration remained insignificant.  

Ma et al. (2014) found that supplementation of chromium propionate (0, 200, 400, 

and 600 μg/kg chromium) on egg quality in late-phase laying hens resulted in significant 

increase in egg shell thickness and reduction in yolk colour score.  However, egg weight, 

albumen index, yolk index, shell index, shell breaking strength and Haugh unit score 

were unaffected by supplemental Cr in the diet. 

Torki et al. (2014) observed that birds supplemented with 200 and 400 ppb of 

chromium as chromium picolinate in heat-stressed laying hens from 66 to 74 weeks of 

age, produced eggs with higher shell mass and thickness at 200 ppb Cr level compared to 
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the control.  Dietary treatments had no effect on egg mass, egg volume, abnormal eggs 

and Haugh unit.   

2.12.3 Effect of chromium supplementation on egg cholesterol 

Uyanik et al. (2002b) supplemented Hyline layers with 20 ppm Cr (CrCl3.6H2O) 

and noticed that significant reductions were observed in yolk cholesterol content in 

chromium supplemented group at 36 and 40 weeks of age.  

Lien et al. (2003) investigated the effects of chromium picolinate (1,000 ppb 

chromium) on the serum traits in laying hens and noticed that the yolk cholesterol content 

in chromium picolinate group was significantly lower than the control group. 

Lien et al. (2004) evaluated the effect of Cr picolinate (0, 800 and 1600 mg/kg) in 

45 weeks old White Leghorn layers and recorded non significant reduction in egg yolk 

cholesterol content. 

Du et al. (2005) evaluated the effects of adding yeast chromium (0, 400 and 600 

μg/kg) on lipid metabolism of laying hens for seven weeks and observed that Cr resulted 

in significant decrease of yolk total cholesterol.  

Eseceli et al. (2010) observed that supplementation of Cr yeast to 40 weeks age 

layers at 150 ppb Cr concentration significantly reduced egg yolk cholesterol levels in the 

treated group when compared to the control on fourth and eighth week of the trial.  

Rajendran et al. (2012) conducted an experiment for a period of 4 weeks to study 

the stress relieving effect of chromium supplementation on production performance in 
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Newcastle disease (ND) affected laying hens of 33 weeks age. The birds were 

supplemented with chromium chloride, organochromium enriched yeast (OCEY), 

chromium yeast or chromium picolinate at 200 ppb level. Egg cholesterol levels were 

significantly (P< 0.05) reduced by supplementation of organic Chromium (OCEY and 

chromium yeast followed by chromium picolinate) supplemented groups compared to the 

control.  

Jing et al. (2009) conducted an experiment to determine the effect of yeast 

selenium (0.5 ppm), chromium picolinate (CrPic, 0.4 ppm) and their interaction on the 

performance of laying hens. The egg yolk cholesterol content in all the treated groups 

significantly decreased when compared with the control group.  

Torki et al. (2014) observed that supplementation of 200 and 400 ppb of 

chromium as chromium picolinate in heat-stressed laying hens from 66 to 74 weeks of 

age had no significant effect on the egg yolk cholesterol content.  

2.12.4 Effect of chromium supplementation on serum biochemistry 

Kim et al. (1997) conducted an experiment to investigate the effects of different 

levels of dietary chromium as chromium picolinate (0, 200, 400, 800 ppb chromium) in 

brown layers fed diets with two levels of dietary protein (14% and 16%) and observed 

that 400 ppb chromium picolinate with low protein level (14%) showed the lowest serum 

glucose concentration. However, serum glucose concentrations in all treatments showed 

no significant differences. The lowest serum cholesterol concentration of layers was 

found in 400 ppb chromium picolinate group with high protein level (16%). 
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Sahin et al. (2001) evaluated the effects of chromium picolinate at 100, 200 or 

400 ppb levels in laying hens under a low ambient temperature (6.9 °C) and noticed that 

Plasma insulin concentration increased linearly, whereas corticosterone concentration 

decreased linearly as dietary chromium supplementation increased.  

Uyanik et al. (2002b) supplemented Hyline layers with 20 ppm Cr (CrCl3.6H2O) 

and noticed that serum total cholesterol concentrations slightly decreased while 

triglyceride levels significantly decreased. Supplemental chromium had no significant 

effect on serum phosphorus, while it resulted in increases in calcium and magnesium 

concentrations. 

Sahin et al. (2002b) supplemented 400 ppb chromium picolinate to layers of 32 

weeks age at low ambient temperature and found that supplemental chromium  decreased 

serum glucose, cholesterol and corticosterone levels, while insulin and total protein levels 

increased significantly.   

Sahin et al. (2002c) conducted an experiment to evaluate the effects of chromium 

picolinate supplementation on egg production in laying hens kept at 18°C (at thermo-

neutral zone) or 6°C (cold stress) in temperature-controlled rooms. Performance was 

significantly reduced in LTB group compared with TNB group. Supplemental chromium 

increased serum insulin but decreased corticosterone, glucose and cholesterol 

concentrations. 

Sahin et al. (2002d) fed chromium picolinate (400 ppb Cr) to 32 wk old laying 

hens reared at a low ambient temperature (6.8°C) and recorded increased serum vitamin 
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C and E but decreased malondialdehyde concentrations. Additionally, supplemental 

chromium caused an increase in the serum concentrations of Fe, Zn, Mn, and Cr but 

decrease in Cu concentration. 

Lien et al. (2003) investigated the effects of chromium picolinate (1,000 ppb 

chromium) on the serum traits in laying hens and noticed significant decrease in the 

levels of glucose, LDL+VDL and LDL+VDL cholesterol. Whereas, HDL and HDL 

cholesterol increased significantly with Cr in the diet. Serum triacylglycerol and 

cholesterol contents were unaffected. 

Lien et al. (2004) evaluated the effect of Cr picolinate (0, 800 and 1600 mg/kg) 

on serum lipoprotein and cholesterol content in forty-five-week-old White Leghorn layers 

and recorded significant reduction in very low-density lipoprotein (VLDL) and HDL-

cholesterol and significant increase in high-density lipoprotein (HDL) and VLDL-

cholesterol. However, cholesterol and triacylglycerol content were not influenced by the 

dietary Cr supplementation.  

Du et al. (2005) evaluated the effects of adding yeast chromium (0, 400 and 600 

μg kg
-1

) on lipid metabolism of laying hens for 7 weeks and observed that Cr resulted in 

significant decrease in the serum levels of triaclyglycerol, total cholesterol, free fatty 

acids, LDL cholesterol, Apolipoprotein AI, Apolipoprotein B and insulin, while, HDL 

cholesterol reduced significantly and serum glucose was unaffected by Cr in the diet. 

Jing et al. (2009) conducted an experiment to determine the effect of yeast 

selenium (0.5 ppm), chromium picolinate (CrPic, 0.4 ppm) and their interaction on the 
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performance of laying hens. Serum cholesterol contents in CrPic group and the 

interaction group significantly decreased. Serum HDL cholesterol content in groups 

supplemented with yeast selenium and its combination with CrPic was significantly 

higher. 

Hanafy (2011) conducted a study to assess the effects of organic chromium 

supplementation (Cr yeast) at 0 (Control), 250, 500, 1000 and 1500 ppb chromium levels 

on serum biochemical parameters of Bandarah laying hens of 32 weeks age.  The results 

indicated that Cr significantly increased serum levels of total protein, globulin, calcium 

and insulin. Whereas Cr significantly decreased serum levels of glucose, corticosterone 

and cholesterol.  Serum albumin values were not significantly affected in all Cr 

supplementation groups compared with control. 

Abdallah et al. (2013) supplemented 40 weeks age laying hens with 0 (control), 

200, 400, 600 and 800 ppb Cr as Chromium Picolinate. Supplemental Cr significantly 

decreased serum concentrations of glucose, cholesterol, LDL, corticosterone, AST and 

ALT activities. Whereas, serum concentrations of total protein, albumin, calcium, 

phosphorus, HDL and insulin increased significantly. 

Ma et al. (2014) found that supplementation of chromium propionate (0, 200, 400, 

and 600 μg/kg chromium) on biochemical parameters in late-phase laying hens resulted 

in significant reduction in plasma uric acid levels. However, other biochemical 

parameters viz., total protein, albumin, globulin, glucose, triglycerides, total cholesterol, 

LDL cholesterol, HDL cholesterol, Ca and P levels in plasma remained unchanged with 

dietary treatments. 



78 

7
8
 

Torki et al. (2014) supplemented 200 and 400 ppb of chromium as chromium 

picolinate to heat-stressed laying hens from 66 to 74 weeks of age to study the effect of 

Cr on serum metabolites. Birds given the diet supplemented with chromium exhibited 

significantly lower serum concentrations of glucose, total cholesterol, and triglycerides 

and significantly higher serum concentrations of albumin, total protein, chromium, 

calcium and phosphorus compared to the other groups. However, the serum level of LDL 

cholesterol was not significantly affected by dietary treatments. 

2.12.5 Effect of chromium supplementation on egg Cr levels 

Piva et al. (2003) evaluated the effects of supplementing different forms of Cr 

viz., chromium chloride (CrCl3), chromium yeast and chromium aminoniacinate in layers 

at a final concentration of 0.14, 21.11, and 131.51 g/kg, respectively for a short period (5 

weeks). After 5 weeks, chromium in the yolk did not increase regardless of the chromium 

source. 

Eseceli et al. (2010) observed that supplementation of Cr yeast to 40 weeks age 

layers at 150ppb Cr concentration did not affect egg yolk Cr levels in the treated group 

when compared to the control.  

Sirirat et al. (2013) studied the effects of various levels of nanoparticles 

chromium picolinate (0, 500, 3000 ppb Cr) on performance of seventy-week old post-

molt laying hens. The results of the experiment indicated that nano-chromium 

supplementation non significantly increased the Cr content of egg yolk. Ca content of 

yolk significantly decreased in nano-chromium supplemented groups. Concentration of 

Fe, Zn, Cu, Mn and P in yolk did not vary among different groups.  
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Ma et al. (2014) found that supplementation of chromium propionate (0, 200, 400, 

and 600 μg/kg chromium) in late-phase laying hens resulted in lack of increase in Cr 

deposition in egg. 

2.12.6 Effect of chromium supplementation on immunity 

Hanafy (2011) conducted a study  to assess the effects of organic chromium 

supplementation (Cr yeast) at  0 (Control), 250, 500, 1000 and 1500 ppb chromium levels 

on immunity of Bandarah laying hens of 32 weeks age and reported that  increased 

supplemental Cr linearly significantly increased the primary or secondary antibody titers 

against SRBCs. 

Abdallah et al. (2013) supplemented 40 weeks age  laying hens with 0 (control), 

200, 400, 600 and 800 ug of Cr/kg of diet as Chromium Picolinate and found that 

antibody response against SRBC (IgG) was significantly higher in 48 week old laying 

hens fed 800 ppb Cr compared with control or 200,400 and 600 ppb treatment groups.  

Rajendran et al. (2014) supplemented New Castles disease affected layers with 

300 ppb Cr in the form of chromium chloride, chromium yeast or chromium picolinate 

for six weeks and noticed that the mean HI titre for NDV was significantly higher in 

chromium yeast group followed by chromium picolinate group and least in chromium 

chloride and control group affected with ND but without Cr supplementation during first 

week of vaccination. The titre reached to the level of unaffected highly immune bird by 

second week in chromium yeast group. Organic chromium supplementation (chromium 

yeast and chromium picolinate) reduced the mortality significantly in laying birds. 
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2.12.7 Effect of chromium supplementation on reproductive parameters 

Hanafy (2011)  conducted a study  to assess the effects of organic chromium 

supplementation (Cr yeast) at  0 (Control), 250, 500, 1000 and 1500 ppb chromium levels 

on immunity of Bandarah laying hens and cocks and reported that supplementation of Cr 

significantly increased ejaculate volume, advanced motility, alive sperms, sperm 

concentration and seminal malondialdehyde level. Per cent fertility and hatchability in 

layers was significantly increased with the increase of dietary Cr level. 

Abdallah et al. (2013) supplemented  40 weeks age  laying hens and cocks with 0 

(control), 200, 400, 600 and 800 ug of Cr/kg of diet as  Chromium Picolinate and 

observed  significantly increased ejaculate volume, advanced motility and alive sperm 

(%) compared with control group. Significant improvements in semen physical properties 

were observed.   

Per cent weights of ovary, tests and heart of both sexes were significantly 

increased compared with those for control group. Per cent fertility and hatchability in 

layers was significantly increased by different levels of Cr supplementation. 

2.12.8 Effect of chromium supplementation on nutrient digestibility/ retention in 

layers 

Kim et al. (1997) conducted an experiment to investigate the effects of different 

levels of dietary chromium as chromium picolinate (0, 200, 400, 800 ppb chromium) on 

nutrient utilization in brown layers fed diets with two levels of dietary protein (14% and 

16%). The utilization of energy, dry matter and crude protein in 400 ppb chromium 
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picolinate group with low protein level (14%) were significantly higher than those of 

control or other chromium picolinate group. The excretion of dry matter and nitrogen was 

significantly lower in layers that received 400 ppb Cr. Layers fed 400 ppb Cr with low 

protein level reduced the excretion of nitrogen by 25.5 per cent compared to the high 

protein groups and the control. 

Sahin and  Sahin (2001) supplemented three levels of chromium picolinate (200, 

400, or 800 μg/kg of diet) to 32 week-old laying hens at low ambient temperature (6.2°C) 

to study the effect of Cr on nutrient digestibility and recorded improved digestibilities of 

dry ash matter, organic matter, crude protein and  ether extract.  

Sahin and Sahin (2002) supplemented chromium picolinate (400 ppb Cr) on 

nitrogen (N), ash and mineral retention in laying hens  reared under a low ambient 

temperature (7
o
C) and found that Cr significantly increased the retention of N, ash, Ca, P, 

Zn, Fe and Cr. Also, excretion of of N, ash, Ca, P, Zn, Fe and Cr was significantly 

reduced in Cr supplemented group compared to the control group. 

Sahin et al. (2002d) fed chromium chromium picolinate (400 ppb Cr) to 32 wk 

old laying hens reared at a low ambient temperature (6.8°C) and recorded increased 

digestibility of nutrients (dry matter, organic matter, crude protein and ether extract) by 

the supplementation of chromium. 

Piva et al. (2003) evaluated the effects of supplementing different forms of Cr 

viz., chromium chloride (CrCl3), chromium yeast and chromium aminoniacinate in layers 

at a final concentration of 0.14, 21.11, and 131.51 g/kg, respectively for a short period (5 
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weeks). At the end of the study, the chromium content of the excreta of birds fed the 

control diet or the diets supplemented with CrCl3, chromium yeast, or chromium 

aminoniacinate increased linearly as a function of the chromium intake, regardless of the 

chemical form used. 

Sirirat et al. (2013) studied the effects of various levels of nanoparticles 

chromium picolinate (0, 500, 3000 ppb Cr) on performance of seventy-week old post-

molt laying hens. The results of the experiment indicated that nano-chromium 

supplementation significantly increased the minerals retention ratios of Cr, Zn and Mn, 

while retention ratios of Ca, P, Cu and Fe were not increased significantly. Nano-

chromium significantly increased the liver minerals content of Cr, Ca and P when 

compared to the control group. Nano-chromium significantly increased Cr and Zn 

concentration in the egg shell significantly, while Cu, Fe, Mn, Ca and P levels in the egg 

shell remained unaffected. 



 

 



III. MATERIALS AND METHODS 

Trials were carried out to study the effect of supplementation of Chromium yeast 

and Nano chromium on the growth performance, meat quality, egg production and egg 

quality in dual purpose birds by conducting two biological trials at the Department of 

Poultry Science, Veterinary College, Hebbal, Bangalore. The experimental procedures 

and analytical techniques followed are detailed as below: 

Experiment I:  To study the effect of supplementation of Chromium yeast and Nano 

chromium on the growth performance and meat quality in dual purpose birds till 8 weeks 

of age 

3.1 Experimental Design 

A total of eight hundred day old straight run dual purpose chicks (Giriraja) were 

procured, wing banded, weighed and randomly assigned to eight groups with five 

replicates in each group and having 20 chicks in each replicate in a completely 

randomized design (Pillai and Sinha, 1968).  The chicks were reared in deep litter system 

with all standard managemental practices till eight weeks of age to study the growth 

performance, meat characteristics and enrichment of meat with chromium. 

3.2 Experimental birds 

800 day old straight run dual purpose chicks (Giriraja chicks) were procured from 

the Department of Poultry Science, Veterinary College, Bangalore. Giriraja is a dual 

purpose chicken having multicoloured plumage pattern resembling native fowl, 

developed at the Department of Poultry Science, Veterinary College, Bangalore, 
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Karnataka, which weighs on an average 1800 g in eight weeks, matures by 23 to 24 

weeks age and lays approximately 140 to 150 eggs in 40 weeks laying period. The chicks 

were weighed individually and distributed randomly to eight treatment groups with five 

replicates in each group. All the procedures with regard to the management and care of 

birds and the procedures followed during the trial were approved by the Animal Ethical 

Committee of the university (KVAFSU, Bidar, Karnataka). 

3.3 Procurement of feed ingredients and test material 

Feed ingredients required for the formulation of the experimental diet were  

procured from the feed unit of the Department of Poultry Science. Chromium yeast 

sample required for the trial was procured from Zeus Biotech Private Limited, Mysore. 

Nano chromium sample was procured from Ritus Nutraceuticals, Chennai. Chromium 

yeast and Nano chromium samples were analyzed for chromium content before using in 

the feed using Inductively Coupled Plasma – Optical Emission Spectrophotometer (ICP-

OES; Perkin Elmer Optima 8000). 

3.4 Experimental diets 

Basal diet (Control diet T1) was formulated according to NRC (1994) 

specifications. Birds were fed with broiler pre starter diet till three weeks, starter  diet 

from fourth to sixth week and  finisher diet from  seventh week to  eight weeks of age. 

The ingredient composition, calculated nutrient values and analysed nutrient values of the 

basal diet has been given in Table 3.1. To formulate T2, T3 and T4 diets, Chromium Yeast 

was added to the basal diet to contain 200 ppb, 400 ppb and 600 ppb levels of chromium 

respectively. To formulate T5, T6, T7 and T8 diets, Nano Chromium was added to the 
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basal diet to contain 50 ppb, 100 ppb, 200 ppb and 400 ppb levels of chromium 

respectively (Table 3.2). The experimental diet of all the groups were prepared in mash 

form with uniform particle size. 

3.5 Housing and management 

The experimental chicks were housed group wise and replicate wise in randomly 

allotted pens under deep litter system of rearing to provide identical managemental 

conditions to all the groups. During the entire eight weeks of the trial, standard 

managemental practices were followed. Feed and water was provided adlibitum during 

the entire trial period. During the last three days of the trial, ten birds from each treatment 

group with two birds from each replicate were shifted to cages for conducting metabolic 

trial to study the bioavailability of chromium.  

3.6 Vaccination Schedule  

The experimental chicks were vaccinated against Marek’s disease on day one with 

HVT strain, against Newcastle Disease on day seven with Lasota strain and against 

Infectious Bursal Disease on day 14 with Intermediate strain. Booster doses against ND 

and IBD were given on 21
st
 day and 28

th
 day with F1 and intermediate strains, 

respectively. 
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Table 3.1: Ingredient Composition (in Kgs/100 kgs feed), and nutrient 

composition of the basal diet of Experiment I 

Ingredients 
Prestarter 

(0-3 weeks) 

Starter 

(4-6 weeks) 

Finisher 

(7-8 weeks) 

Yellow maize 52.25 58.5 63.56 

Soybean meal (46% CP) 40.55 33.3 28.1 

Vegetable oil 3.5 4.95 5.25 

Oyster shell grit 1.0 1.0 0.90 

Dicalcium phosphate 1.6 1.2 1.15 

Common Salt 0.35 0.35 0.35 

Mineral mixture* 0.55 0.55 0.55 

Vitamin Premix** 0.1 0.1 0.1 

DL-Methionine 0.1 0.055 0.04 

Total 100.0 100.0 100.0 

Nutrient composition 

ME (kcal/kg)
a
 2948.5 3076.65 3129.61 

Crude Protein (%)
b
 22.83 19.99 18.01 

Calcium (%)
a
 1.01 0.91 0.855 

Phosphorus (%)
a
 0.46 0.37 0.355 

Lysine (%)
a
 1.4 1.18 1.03 

Methionine (%)
a
 0.49 0.39 0.342 

* Mineral Mixture: Each 100g contains, , Magnesium Oxide-1.48 g, Ferrous 

Sulphate- 6.0 g, Copper Sulphate- 0.05 g, Manganese Sulphate-0.04 g, 

Potassium Iodide-0.001g, Zinc Sulphate-1.0 g, Potassium Chloride- 17.09 g and 

Sodium Selinate -0.001 g.  

** Vitamin-Mineral Premix: Each 100gm contains Vitamin AD3 (Vitamin A-

10,00,000 IU/g, Vitamin D-200000 IU/g)- 0.165 g, Vitamin K3-0.103 g, Vitamin 

E -2.4 g, Thaimine Mononitrate- 0.206 g, Riboflavin- 0.513 g, Pyridoxine 

hydrochloride- 0.309 g, Cayanocoblamine-0.00031 g, Folic Acid -0.103 g, 

Niacin- 4.124 g, Ca-D-Pantothenate- 1.031 g, Biotin - 1.5 g, Maltodextrine- 

89.545 g. 
  a

Calculated values ; 
b
Analysed values 
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Table 3.2: Description of experimental diets for Experiment I 

Treatment Chromium source Levels of Chromium 

T1 Control Nil 

T2 Chromium Yeast 200 ppb 

T3 Chromium Yeast 400 ppb 

T4 Chromium Yeast 600 ppb 

T5 Nano Chromium 50 ppb 

T6 Nano Chromium 100 ppb 

T7 Nano Chromium 200 ppb 

T8 Nano Chromium 400 ppb 

3.7 Parameters studied 

The data pertaining to the various parameters viz., growth performance, carcass 

characteristics, meat quality, organoleptic evaluation, chromium levels in tissues, 

bioavailability of chromium, haematological and biochemical parameters, immuno 

competence and survivability were collected by the following methods. 

3.7.1 Growth performance 

The growth performance parameters of the birds in response to feeding of 

different forms and levels of chromium were studied as follows: 

3.7.1.1 Body weight  

All the chicks were weighed individually on day one and at the end of each 

week to record the body weights. The cumulative body weights were taken at the 

end of each week and also for the entire eight weeks of the trial.  
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3.7.1.2 Feed intake 

Weighed amount of feed was given to each replicate every day. At the end of 

each week, the amount of feed left out in the feeder was removed and weighed 

carefully without any spillage. Based on the amount of feed given and the left out 

feed, weekly feed consumption was calculated replicate wise every week till the end 

of eight weeks. Based on the feed intake per week, the average cumulative feed intake 

per bird was calculated. 

3.7.1.3 Feed conversion ratio (FCR) 

  Based on the body weight gain and feed intake, the Feed conversion ratio was 

calculated at the end of each week and at the end of the trial using the formula as 

follows: 

 

 3.7.2 Serum biochemical parameters 

On 56
th

 day, blood samples were collected from brachial vein into sterile 

tubes without anticoagulant for biochemical studies and the serum was separated 

and stored at -20°C until the day of assay. Serum glucose, cholesterol, triglyceride, 

total protein, albumin, SGPT and SGOT levels were measured using a biochemical 

analyzer (Erba chem.-5-plus). 

 

 

                     Feed intake (g) 

FCR =  

                 Body weight gain (g) 
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3.7.3 Hematological parameters 

On 56
th

 day, blood samples were collected into the EDTA coated tubes for 

hematological study from the brachial vein an d  hematological tests were 

performed immediately using automated haematology analyser. 

3.7.4 Blood mineral content  

For analysing chromium and other mineral levels in the blood, 10ml of blood 

was collected from ten birds from each treatment group separately in porcelain dish. 

To the blood sample, 10 ml nitric acid was added and boiled gently for 30 to 45 min 

to oxidize all easily oxidizable matter. The solution was cooled and added with nine 

ml of 72 per cent perchloric acid and boiled gently till it became colourless. After 

cooling, the mixture was filtered through ashless filter paper (Whatman No. 42) and 

made up the volume to 50ml (AOAC, 2012). The concentration of chromium and 

other minerals viz., zinc, manganese, iron and copper were estimated by using 

Inductively Coupled Plasma – Optical Emission Spectrophotometer (ICP-OES; Perkin 

Elmer Optima 8000) using Argon gas as fuel and nitrogen gas for purging. Wave 

lengths used were 267.716 nm for chromium, 206.2 nm for zinc, 257.61 nm for 

manganese, 238.204 nm for iron and 327.393 nm for copper estimations. 

3.7.5 Immuno competence 

3.7.5.1 HI titer against Newcastle Disease Virus 

The antibody titer against Newcastle Disease Virus was carried out by HA 

followed by HI test. The micro-test method as described by Allan and Gouch, (1974) was 
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used for the detection of HI titers from the  serum samples collected on 21
st
 and 56

th
 day 

of post immunization of birds to assess the antibody titers. The HI test was done 

manually by β- procedure in ‘U’ bottommed micro-plates with 4 HA units of ND viral 

antigen.  

Serial two fold dilution of serum in normal saline was done and 25 μl/well 4 HA 

unit of antigen was added. Plates were incubated for 45 minutes at room temperature. 50 

μl of 0.8 per cent chicken RBCs were added to each well and the plates were incubated 

for one hour at room temperature before reading the results. The titers were expressed as 

the reciprocal log2 values of the of highest dilution of serum showing the HI or button 

formation. 

3.7.5.2  Antibody titer against Infectious Bursal Disease Virus 

The antibodies against IBDV were measured by using Poultry Diagnostic and 

Research Center (PDRC) indirect ELISA Kit. Each of the steps was followed as per the 

manufacturer’s instructions. 

Each of the wells of antigen pre-coated plate provided in the kit was used for the 

test.100 μl each of the positive control serum and the negative control serum were added 

in duplicates to the respective control wells. Then, 100 μl of each test serum sample 

diluted in the sample buffer were added in duplicates to corresponding wells of the plate 

(apart from the control wells) and incubated at 37°C for one hr. The plate was washed 

using the wash buffer provided in the kit. One hundred µl of mouse anti-chicken IgG 

conjugated with Horse Raddish Peroxidase (HRP) was added to each of the wells and 

incubated at 37°C for one hr. The plate was washed as afore mentioned. One hundred μl 
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of freshly prepared chromogen-substrate solution containing OPD and 3 per cent H2O2 as 

substrate (4 μl / ml of chromogen) were added to each of the wells and the plate was kept 

at room temperature for 15 min. Finally, 50 µl of 2.5 N HCl was added to each of the 

wells to stop enzyme-substrate reaction. Absorbance values were read using the ELISA 

reader (Bio Rad) with an interference filter at 492 nm. Readings were taken after the 

wells with only substrate-chromogen and HCl were blanked to ‘zero’ at 492 nm. 

3.7.5.3 Heterophil to Lymphocyte ratio 

Blood collected on 56
th

 day into EDTA coated tubes was used immediately for 

counting blood cells. Blood smears were prepared from the fresh blood and stained with 

Giemsa stain. Heterophils and lymphocytes were counted to a total of 100 cells and 

expressed as heterophil to lymphocyte ratio. The procedure followed was as per the 

methods adopted by Arun and Tushar (1994). 

3.7.5.4 Lymphoid organs Weight  

On 56
th

 day of the experiment during slaughter, the weights of lymphoid organs 

viz., bursa of Fabricius, thymus and spleen from ten birds from each treatment were taken 

and expressed as per cent of their live body weight. 

3.7.6  Carcass characteristics 

To study the carcass quality traits, at the end of the trial, two birds from each 

replicate and ten birds from each treatment were selected randomly. These birds 

were weighed and starved for 12 hours before the slaughter. The birds were killed by 

severing the jugular vein and carotid artery on one side of the neck, allowed to 
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bleed for two minutes, scalded at 54 oC for two minutes in dunking scalder and 

defeathered mechanically for 30-60 seconds in a rotary drum picker. The birds were 

dressed by cutting the head at atlanto-occipital joint, leg at hock joint and the 

carcass was eviscerated by making a slit opening at the abdominal area. 

3.7.6.1 Carcass yields 

a) Pre-slaughter live weight (g) 

Body weight of individual birds as recorded before slaughter. 

b) Defeathered weight percentage 

 

c) Eviscerated weight percentage 

 

d) Dressing yield percentage 

 

e) Abdominal fat percentage 

 

f) Breast yield percentage 

 

                                                    Defeathered weight (g) 
Defeathered weight (%)   =                                                    x 100 
                                                Pre-slaughter live weight (g) 

                                                      Eviscerated weight (g) 
Eviscerated weight (%)   =                                                     x 100 
                                                Pre-slaughter live weight (g) 

                                                 Dressed weight (g) 
Dressing yield (%)   =                                                        x 100 
                                        Pre-slaughter live weight (g) 

                                          Abdominal fat pad weight (g) 
Abdominal fat (%)   =                                                            x 100 
                                           Pre-slaughter live weight (g) 

                                           Breast yield weight (g) 

Breast yield (%)   =                                                            x 100 
                                      Pre-slaughter live weight (g) 
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g) Thigh yield percentage 

 

h) Ready to cook yield percentage 

 

3.7.6.2 Organ weights (Giblets) 

At the time of slaughter, the giblets (heart, liver and gizzard) were collected, 

cleaned and weighed individually for all birds. The organ weights were expressed as 

per cent live weight. 

 

3.7.6.3 Organoleptic / Sensory evaluation 

The effect of chromium yeast and Nano chromium on the sensory quality of 

meat was evaluated at the end of the trial. For this purpose, ten birds from each 

dietary treatment (two birds from each replicate) were randomly selected and 

sacrificed as per the standard slaughter procedures. The breast and thigh meat of the 

sacrificed birds were cut into uniform sized pieces and cooked simultaneously under 

pressure (1 kg/cm
2
) for ten min. During the process of cooking, a pinch of salt and 

pepper was added uniformly to the meat samples of all the groups. The cooked meat 

was served for evaluation of its sensory quality by a panel of ten semi-trained judges 

using an eight point hedonic scale on the standard proforma for sensory attributes of 

                                      Thigh meat yield weight (g) 

Thigh yield (%)   =                                                            x 100 
                                      Pre-slaughter live weight (g) 

                                             Eviscerated weight (g) + giblets weight (g) 

Ready to cook yield (%) =                                                                          x 100 

                                                         Pre-slaughter live weight (g) 

                                                the   
 (%)   =                                                            x 100 
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the meat such as appearance, texture, aroma, flavor, tenderness, juiciness and overall 

acceptability. 

3.7.7 Meat quality  

The breast meat and thigh meat samples of the birds which were slaughtered 

for carcass characteristics evaluation were preserved for meat quality evaluation.  The 

influence of chromium yeast and Nano chromium on the meat quality in terms of 

moisture, protein, total fat and cholesterol contents were analysed individually in the 

breast meat and thigh meat samples.  

3.7.7.1 Meat protein 

The protein content in breast meat and thigh meat was estimated by kjeldahl 

method (AOAC, 2000). Approximately 1 g of ground sample of meat was digested 

with 40 ml of concentrated H2SO4 in the presence of catalytic digestion mixture 

(potassium sulphate and copper sulphate). The digested sample was then distilled in 

micro-kjeldahl distillation apparatus. The protein content in the meat samples was 

calculated by multiplying the blank corrected nitrogen content of the sample by the 

factor 6.25. 

3.7.7.2 Total fat content of meat 

The fat content of breast meat and thigh meat was determined using Soxhlet 

extraction technique (AOAC, 2006). About two g dried meat powder was weighed 

accurately into the thimble and placed in Soxhlet apparatus. The extraction cup with 

glass beads was weighed and then added with 60 ml petroleum ether and extraction 
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was done for 6 h. The extraction cup was placed for one h in the oven at 100–110 
o
C 

until a constant weight was reached before the dried weight was recorded.  The fat per 

cent in the sample was calculated as follows 

 

3.7.7.3  Meat cholesterol content 

The cholesterol content in the breast meat and thigh meat was estimated as 

follows: 

The total lipid from the meat sample was isolated as per the procedure outlined by 

Folch et al. (1957).  Approximately two g of meat sample was homogenized with 10 

volumes of Folch solution (chloroform : methanol 2:1) for three min and allowed to stand 

at room temperature for one hr. The mixture was filtered through Whatman filter paper 

No. 1. The filtrate was evaporated to dryness and 10 ml of 0.9 per cent sodium chloride 

solution was added, allowed to stand at room temperature for one hr which led to the 

separation of two layers. The top layer was discarded and the bottom layer containing 

lipids and choloroform was evaporated to dryness. The dried residue was reconstituted 

with five ml chloroform. 

The cholesterol content in the lipid extract was estimated by the one step method 

of Wybenga et al. (1970). To five ml of cholesterol reagent (ferric perchlorate, ethyl 

acetate and concentrated sulphuric acid), 50 µl cholesterol standard (200 mg cholesterol 

per 100 ml glacial acetic acid) or lipid extract was added, mixed well, kept in boiling 

                               Wt  
  =                                                                                                     x 100 
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water bath for 1.5 min. Tubes were immediately cooled and the absorbance was read at 

560 nm against blank using UV-visible spectrophotometer. 

 

 

 

3.7.8 Chromium levels in tissues 

At the end of the trial, after eight weeks, ten birds from each treatment (two 

birds from each replicate) were slaughtered and eviscerated. Liver, breast meat and 

thigh meat were collected from the slaughtered birds. Representative samples of liver, 

breast meat and thigh meat were dried in oven at 60 
o
C for 48 hours. After drying, the 

samples were ground and stored in air tight containers till further analysis. 

The chromium content in liver, breast meat and thigh meat was estimated as 

per the procedure outlined in AOAC (2012). Approximately two g of the sample was 

taken in a porcelain dish, charred completely on a hot plate and placed in muffle 

furnace for four hours at 550 °C for ashing. After cooling, 10 ml 3M HCl was added, 

covered with a watch glass and boiled gently for 10 min. The mixture was cooled and 

filtered through ash less filter paper (Whatman filter paper No.42) into 50 ml 

volumetric flask and diluted to volume with Millipore water. The concentration of 

chromium and zinc in the liver and meat samples were estimated by using 

Inductively Coupled Plasma – Optical Emission Spectrophotometer (ICP-OES; Perkin 

Elmer Optima 8000) using Argon gas as fuel and nitrogen gas for purging. Wave 

lengths used for chromium and zinc estimation were 267.716 nm and 206.2 nm 

respectively. 

                                                                OD of sample x 200 x 5 
Cholesterol mg/100 g meat =                                                                       x 100 
                                                       OD of standard x 100 x Sample wt 
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3.7.9 Bioavailability of chromium  

During the last three days of the trial, ten birds from each treatment group (two 

birds from each replicate) were selected and shifted to cages for conducting metabolic 

trial to study the bioavailability of chromium as influenced by different sources of the 

same. The birds were randomly assigned to different compartments of the cage, replicate 

wise which had separate feeder, waterer and plastic bags for collecting total excreta. The 

metabolic trial lasted for three days. Total amount of feed consumed by each replicate 

was recorded. The total amount of excreta voided from each replicate was collected, 

weighed and 1/10
th

 of the sample was dried in hot air oven at 120 °C for 18 hours. The 

dried samples were well mixed and powdered and used for chromium analysis. 

Chromium retention ratio was calculated using the following equation: 

 

WFI = Weight of total feed intake 

EF = concentration of the element in feed 

WEV = weight of total excreta voided 

EE = concentration of the element in total excreta 

3.7.10 Survivability 

Mortality in each replicate under each treatment was recorded as and when the 

birds died during the course of the experiment. The per cent survivability was 

calculated using the following formula: 

 

                                                       (WFI x EF) – (WEV x EE) 
     Mineral Retention Ratio =                                                         x 100 
                                                                    (WFI x EF) 

                                                       Number of birds survived 
     Survivability (%) =                                                                               x 100 
                                       Total number of birds housed at the beginning 
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3.7.11 Feed cost economics 

To assess the feed cost of production and also to assess the feed cost to enrich 

meat and liver with Cr, the feed cost economics was calculated. The cost of the 

control diet was calculated based on the price of individual feed ingredients prevailing 

at the time of conducting the experiment. The cost of the Cr supplemented diets (T2 to 

T8) was calculated by adding the cost of Cr to the cost of the control diet. The Cr cost 

was assessed taking into consideration the level of Cr incorporated into the test diets, 

the concentration of Cr in the Cr products (Cr yeast : 3000 ppm; Nano Cr : 10,000 

ppm) and the cost of the Cr products (Cr yeast : Rs. 250 per Kg; Nano Cr : Rs. 1000 

per Kg).The feed cost per Kg body weight gained (BWG) at the end of the trial was 

calculated as follows:  

 

 

 

 Similarly, the feed cost to deposit one ppb Cr in the tissues (thigh meat/ breast 

meat/ liver) was calculated taking into consideration the cost of the feed (T1 to T8) and the 

concentration of Cr in the tissues (ppb) as follows: 

 

 

  

 [Prestarter feed consumed (Kgs) from 0-3 weeks x prestarter feed cost (Rs./kg)]  

+ 
[Starter feed consumed (Kgs) from 4-6 weeks x starter feed cost (Rs./kg)]  

+  
 [Finisher feed consumed (Kgs) from 7-8 weeks x finisher feed cost (Rs./kg)] 

Feed cost / kg BWG (Rs.) =     

                                                                                  Body weight gain (kg) 
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Experiment II: To study the effect of supplementation of Chromium yeast and 

Nano chromium on the egg production and egg quality in dual 

purpose birds during peak production. 

3.8 Experimental design 

A total of 576  dual purpose layer birds (Giriraja) of 28 weeks age were procured, 

wing badged and randomly assigned to eight groups with four replicates in each group, 

having 18 birds in each replicate (72 birds per treatment). The birds were reared in deep 

litter system with all standard managemental practices till 40 weeks of age to study egg 

production, egg quality and enrichment of eggs with chromium. The duration of the trial 

from 28
th

 to 40
th

 week was divided into three phases viz., Phase I from 28
th

 to 32
nd

 week, 

Phase II from 33
rd

 to 36
th

 week and Phase III from 37
th

 to 40
th

 week.  

3.9 Experimental birds 

576 Giriraja layer birds of 28 weeks age were procured from the Department of 

Poultry Science, Veterinary College, Bangalore. All the procedures with regard to the 

management and care of birds and the procedures followed during the trial were 

approved by the Animal Ethical Committee of the university (KVAFSU, Bidar, 

Karnataka). 

3.10 Housing and management 

The experimental birds were housed group wise and replicate wise in randomly 

allotted pens under deep litter system of rearing to provide identical managemental 

conditions to all the groups. During the entire period of the trial, standard managemental 
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practices were followed. Water was provided ad libitum during the entire trial period. 

Birds were immunized as per standard vaccination schedule. 

3.11 Experimental diets  

Basal diet (Control diet, T1) was formulated according to NRC (1994) 

specifications. The ingredient composition, calculated nutrient values and analysed 

nutrient values of the basal diet have been given in Table 3.3. To the basal diet, 

Chromium Yeast was added to contain 200 ppb, 400 ppb and 600 ppb levels of 

chromium to form T2, T3 and T4, respectively. To the basal diet, Nano Chromium was 

added to contain 50 ppb, 100 ppb, 200 ppb and 400 ppb levels of chromium to form 

T5, T6, T7 and T8 respectively (Table 3.4). The experimental diets of all the groups 

were prepared in mash form with uniform particle size. 

3.12 Feeding schedule  

Weighed amount of control or test diets was offered daily to all 36 groups 

from 28
th

 to 40
th

 weeks of age. Each bird received 125g/day in the beginning of the 

trial and the feed allocation was gradually increased as the egg production increased.  
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Table 3.3: Ingredient composition and nutrient composition of the basal diet of 

Experiment II 

Ingredients Percentage 

Yellow maize 63.35 

Soybean meal (46% CP) 23.0 

Deoiled Rice bran 1.5 

Vegetable oil 1.5 

Oyster shell grit 8.4 

Dicalcium phosphate 1.0 

Mineral Mixture* 0.55 

Vitamin Premix** 0.1 

DL-Methionine 0.1 

Common Salt 0.4 

Total 100.0 

Nutrient Composition 

ME (kcal/kg)
a
 2834 

Crude Protein (%)
b
 16.5 

Calcium (%)
a
 3.62 

Phosphorus (%)
a
 0.42 

Lysine (%)
a
 0.87 

Methionine (%)
a
 0.47 

* Mineral Premix: Each 100g contains, , Magnesium Oxide-1.48 g, Ferrous Sulphate- 6.0 g, 

Copper Sulphate- 0.05 g, Manganese Sulphate-0.04 g, Potassium Iodide-0.001g, Zinc 

Sulphate-1.0 g, Potassium Chloride- 17.09 g and Sodium Selinate -0.001 g.  

 ** Vitamin premix : Each 100gm contains Vitamin AD3 (Vitamin A-10,00,000 IU/g, 

Vitamin D-200000 IU/g)- 0.165 g, Vitamin K3-0.103 g, Vitamin E -2.4 g, Thaimine 

Mononitrate- 0.206 g, Riboflavin- 0.513 g, Pyridoxine hydrochloride- 0.309 g, 

Cayanocoblamine-0.00031 g, Folic Acid -0.103 g, Niacin- 4.124 g, Ca-D-Pantothenate- 

1.031 g, Biotin - 1.5 g, Maltodextrine- 89.545 g..  

           a
Calculated values ; 

b
Analysed values 



102 

1
0
2
 

Table 3.4: Description of experimental diets for Experiment II 

Treatment Chromium source Levels of Chromium 

T1 Control Nil 

T2 Chromium Yeast 200 ppb 

T3 Chromium Yeast 400 ppb 

T4 Chromium Yeast 600 ppb 

T5 Nano Chromium 50 ppb 

T6 Nano Chromium 100 ppb 

T7 Nano Chromium 200 ppb 

T8 Nano Chromium 400 ppb 

3.13 Parameters studied 

The data pertaining to the various parameters viz., egg production, egg 

quality characteristics, biochemical parameters, chromium enrichment in eggs and 

survivability were collected by the following methods. 

3.13.1 Egg production 

In order to study the effect of feeding of Chromium yeast and Nano 

chromium on egg production, egg production was recorded from 28
th

 to 32
nd

 week 

(Phase I), 33
rd

 to 36
th

 week (Phase II) and  from 37
th

 to 40
th

 week (Phase III) . Eggs 

were collected two times a day i.e. both morning and evening.  Based on the 

number of eggs produced in each phase, the hen housed egg production (HHEP) and 

hen day egg production (HDEP) for each phase was calculated as follows:  
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3.13.2 Feed Intake and feed efficiency 

Calculated amount of feed was offered to each replicate in all the treatment 

groups every day. The left over feed if any was removed after every week and 

recorded. On the basis of the feed intake by the birds, the average feed consumed 

per dozen eggs was calculated. 

3.13.3 Egg quality characteristics 

Eggs collected during 32
nd

, 36
th

 and 40
th

 week were analyzed for both 

external and internal quality characteristics. Two eggs from each replicate and 

eight eggs from each treatment group were used. The eggs collected for quality 

analysis were weighed, measured and broken on the same day to assess the following 

egg quality parameters. 

3.13.3.1 Egg metric parameters 

a )  Egg weight: The egg weight was determined with a precision of 0.01 g 

using analytical balance.  

b) Shape Index: The long and short axes of eggs were measured by means of 

slide callipers with a precision of 0.05 mm. Shape index (SI) was determined 

by the formula (Romanoff and Romanoff. 1949) 

                           Total number of eggs laid during the period 

HHEP (%) =                                                                                    x 100 
                          Total number of birds housed at the beginning 

                         Total number of eggs laid during the period 

HDEP (%) =                                                                               x 100 

                        Total number of hen-days in the same period 
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SI (%) = d/D x 100 

where, d is the short axis and D is the long axis of the egg 

c) Shell thickness: The shell membrane attached to the shell was removed and 

pieces of shell from different  points of the egg (minimum five piece) was taken 

and the thickness was measured using a digital Screw gauze with a precision of 

0.01 mm.  

d) Albumen Index: The short and long diameters of egg albumen were 

determined after breaking the egg on a horizontal smooth surface. The 

albumen height was determined with a tripod AMES micrometer with a 

precision of 0.01 mm. The albumen index (AI) was calculated using the formula  

AI = h/(0.5 x (D+d)) 

Where, h is the height of thick albumen at the boundary with the yolk; D and 

d are the long and short diameters of albumen respectively (Romanoff and 

Romanoff. 1949). 

e) Yolk index: The diameter of egg yolk was determined after breaking the egg 

on a horizontal smooth surface. The yolk height was determined with a tripod 

AMES micrometer with a precision of 0.01 mm. The Yolk index (YI) was 

calculated using the formula  

YI= h/D 

Where, h is the yolk height and D is the yolk diameter (Romanoff and 

Romanoff. 1949). 

f) Haugh unit : Haugh unit (HU) was determined  using the equation 

HU=100 x log (h+7.57- 1.7 x EW
0.37

) 
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Where, h is the height of thick albumen at the boundary with the yolk; EW is 

the egg weight (Haugh.1937). 

g) Albumen per cent, Yolk per cent and Shell per cent: 

The weights of albumen, yolk and shell were measured individually and 

expressed as per cent of egg weight. 

3.13.3.2 Total fat content of egg yolk 

Two eggs from each replicate and eight eggs from each treatment group were 

collected during 40
th

 week for egg yolk fat estimation. The yolk was separated, 

weighed and dried in oven at 65°C for 48 hours. The dried yolk after recording the 

dried weight was stored in air tight container until further analyses. The total fat 

content of the yolk was estimated by Soxhlet extraction technique. 

3.13.3.3 Total cholesterol content of egg yolk 

Eight eggs from each treatment group (two eggs from each replicate) were 

collected during 40
th

 week for egg yolk cholesterol estimation. The total cholesterol 

content in the egg yolk was estimated as per Wybenga and Pileggi method (Wybenga 

et.al., 1970) using Wybenga and Pileggi cholesterol kit from Bio Lab diagnostics, 

Mumbai. The yolk was separated, the albumen adhered to the yolk was removed by 

rolling the intact egg over a filter paper. The egg yolk was then homogenised using a 

glass rod. 0.5 g of the homogenised egg yolk sample was taken in a centrifuge tube and 

added with 7.5 ml of 2:1 chloroform : methanol solution and vortex mixed for 30 

seconds. To this, 2.5 ml distilled water was added and mixed properly and centrifuged at 
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2500 rpm for 10 min. The aqueous methane layer was removed by suction and discarded. 

The chloroform layer was evaporated to dryness over water bath at 80 °C. To the dried 

residue, 4 ml glacial acetic acid was added and total cholesterol estimation was further 

done using cholesterol kit as per the manufacturer’s directions. The total cholesterol 

content in the egg yolk was calculated using the following formula: 

 

3.13.4 Chromium levels in egg 

Two eggs from each replicate and eight eggs from each treatment group were 

collected during 32
nd

, 36
th

 and 40
th

 week for estimation of chromium levels in the egg. 

The yolk was separated, weighed and dried in oven at 65 °C for 48 hours. 

Approximately 5-6 g of the dried yolk sample was taken in a porcelain dish, charred 

completely on a hot plate and placed in muffle furnace for 4 hours at 550
 
°C for 

ashing. After cooling, 10 ml 3M HCl was added, covered with a watch glass and 

boiled gently for 10 min. The mixture was cooled and filtered through ash less filter 

paper (Whatman filter paper No.42) into 25 ml volumetric flask and diluted to 

volume with Millipore water (AOAC 2012). The concentration of chromium and 

zinc in the liver and meat samples was estimated by using Inductively Coupled 

Plasma – Optical Emission Spectrophotometer (ICP-OES; Perkin Elmer Optima 

8000)  

 

 

                                                        
 =                                                                      
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3.13.5 Blood biochemical parameters 

During 40
th

 week of age, blood samples were collected from brachial vein 

into plain tubes without anticoagulant for biochemical studies and the serum was 

separated and stored at -20 °C until the day of assay. Serum glucose, cholesterol, 

triglyceride, total protein, albumin, and globulin levels were measured using a 

biochemical analyzer (Erba chem.-5-plus). 

3.13.6 Survivability 

Mortality was recorded daily throughout the experimental period of 28 to 40 

weeks and the per cent survivability was calculated by using the following formula. 

 

3.13.7  Feed cost economics 

To assess the feed cost of production and also to assess the feed cost to enrich 

eggs with Cr, the feed cost economics was calculated. The cost of the control diet was 

calculated based on the price of individual feed ingredients prevailing at the time of 

conducting the experiment. The cost of the Cr supplemented diets (T2 to T8) was 

calculated by adding the cost of Cr to the cost of the control diet. The Cr cost was 

assessed taking into consideration the level of Cr incorporated into the test diets, the 

concentration of Cr in the Cr products (Cr yeast : 3000 ppm; Nano Cr : 10,000 ppm) 

and the cost of the Cr products (Cr yeast : Rs. 250 per Kg; Nano Cr : Rs. 1000 per 

Kg). The feed cost per egg produced was calculated as follows: 

                                                             

   =                                                                                 x 100                                                                  
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Similarly, the feed cost to deposit one ppb Cr in the egg was calculated taking 

into consideration the cost of the feed (T1 to T8) and the concentration of Cr in the 

eggs (ppb) as follows: 

 

3.13.8 Statistical analysis 

All the data pertaining to various parameters were analyzed statistically by 

ANOVA using SPSS. 20 statistical software. Differences between the means were 

tested using Duncan’s Multiple Range Test (Duncan, 1995) at P<0.05. Each 

chromium source was analysed using orthogonal polynomials for linear and quadratic 

effects. The main effect of chromium source, which excluded the non-Cr-fortified 

control diet, was evaluated with single degrees of freedom.  

                                                                   Feed consumption (kg) from 28 to 40 weeks x feed cost (Rs/kg) 
Feed cost / per egg (Rs.) =                                                       

                                                          Total number of eggs produced from 28 to 40 weeks 



 

 
RESULTS 



IV. RESULTS 

Two experiments were carried out to study the effect of supplementation of 

Chromium yeast and Nano chromium on the growth performance, meat quality, egg 

production and egg quality in dual purpose chicken, the results of which are presented 

in this chapter 

Experiment I: To study the effect of supplementation of Chromium yeast and 

Nano chromium on the growth performance and meat quality in 

dual purpose birds till 8 weeks of age 

The results of the experiment conducted to evaluate the effect of Chromium yeast 

and Nano chromium on growth performance, meat quality,  hemato-biochemical 

parameters, mineral concentration in the serum and tissues and survivability are 

presented in this section under the following headings. 

4.1 Growth performance 

4.1.1 Body weight  

The influence of supplementing Chromium yeast and Nano chromium on 

mean cumulative weekly body weight gain (g/bird) from first to eighth week of age is 

presented in Table 4.1 and the mean sum of square from analysis of variance between 

treatments and between Cr sources is presented in Table 4.2. The cumulative body 

weight differed significantly (P≤0.05) among the treatment groups during I, II, III 

and VIII weeks. 
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During I week, body weight was highest (P≤0.05) in Cr yeast 200 ppb fed 

group (T2, 94.2 g) and the lowest (P≤0.05) body weight was recorded in Cr yeast 400 

ppb fed group (T3, 81.6 g). None of the groups was statistically different (P≤0.05) 

when compared to the control group. Among the different Cr supplemented groups, 

significant difference existed between T2 (Cr yeast 200 ppb) and T3 (Cr yeast 400 

ppb) groups and the body weight was significantly more in T2 than that in T3.  Among 

the Cr supplemented groups, the body weight was statistically similar between T4, T5, 

T6, T7 and T8. The response with different levels in Cr yeast supplemented groups was 

neither linear nor quadratic. The response with different levels in Nano Cr 

supplemented groups was quadratic.  

During II week, cumulative body weights were significantly higher (P≤0.05) 

when compared to the control group in T5 (Nano Cr 50 ppb, 221.5 g), T7 (Nano Cr 

200 ppb, 234.3 g), and T8 (Nano Cr 400 ppb, 225.4 g), and the highest body weight 

was recorded in T7. The lowest body weight was recorded in T2 (Cr yeast, 200 ppb – 

209.2 g), which was statistically similar to T1, T3 and T6.  The response with different 

levels was linear in both Cr yeast and Nano Cr fed groups. There existed significant 

difference in cumulative body weight between the two sources and Nano Cr was 

found to be better than Cr yeast. 

The cumulative body weight during III week was significantly higher (P≤0.05) 

in T7 (408.5 g) when compared to the control group (387.9 g) and T2 (383.6 g). The 

body weights in other Cr supplemented groups were statistically similar to the control 

group. Among different Cr supplemented groups, the cumulative body weight was
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Table 4.1: Effect of supplementing chromium yeast and Nano chromium on weekly body weight (g) of dual purpose chicken 

Treatment Cr Source 
Cr Level 

(ppb) 
I week II week III week IV week V week VI week VII week VIII week 

T1 Control 0 89.0 ± 1.51abc 211.0 ± 3.10de 387.9 ±  5.37bc 618.3 ± 8.72 879.4 ± 12.19 1103.2 ± 15.04 1393.0 ± 20.63 1700.2 ± 26.74a 

T2 Cr yeast 200 94.2 ± 8.26a 209.2 ± 3.11e 383.6 ± 5.34c 610.8 ± 9.12 874.2 ± 12.94 1113.6 ± 16.99 1379.4 ± 21.51 1660.6 ± 26.63ab 

T3 Cr yeast 400 81.6 ± 1.18c 215.3 ± 3.03cde 393.6 ± 5.07abc 624.5 ± 9.21 887.2 ± 12.83 1111.9 ± 16.52 1369.1 ± 20.66 1663.8 ± 25.74ab 

T4 Cr yeast 600 87.6 ± 1.11abc 219.6 ± 2.31bcd 397.4 ± 4.55abc 631.2 ± 8.05 868.6 ± 12.33 1095.2 ± 16.02 1374.5 ± 20.17 1590.9 ± 26.58b 

T5 Nano Cr 50 92.3 ± 1.15ab 221.5 ± 2.48bc 399.9 ± 4.45ab 626.0 ± 8.23 879.3 ± 11.60 1105.2 ± 15.75 1384.9 ± 20.45 1651.3 ± 24.77ab 

T6 Nano Cr 100 83.7 ± 1.54bc 214.8 ± 2.57cde 393.2 ± 4.47abc 618.2 ± 7.91 872.8 ± 11.59 1107.7 ± 14.87 1392.6 ± 19.20 1648.3 ± 22.49ab 

T7 Nano Cr 200 90.7 ± 1.41abc 234.3 ± 2.95a 408.5 ± 4.89a 617.7 ± 8.67 857.1 ± 11.82 1090.5 ± 15.17 1365.4 ± 20.02 1646.3 ± 25.69ab 

T8 Nano Cr 400 92.5 ± 1.37ab 225.4 ± 3.25b 397.7 ± 5.88abc 615.0 ± 9.36 870.5 ± 13.68 1116.9 ± 17.90 1386.5 ± 22.80 1673.1 ± 26.03a 

Probabilities 

Polynomial contrasts 

Cr yeast           

 Linear   0.374 0.015* 0.090* 0.182 0.726 0.718 0.481 0.006* 

 Quadratic  0.895 0.299 0.433 0.419 0.596 0.403 0.649 0.524 

Nano Cr           

 Linear   0.342 0.000* 0.039* 0.779 0.341 0.841 0.606 0.225 

 Quadratic  0.116 0.655 0.552 0.449 0.795 0.749 0.979 0.204 

Cr Source   0.411 0.000* 0.030* 0.647 0.481 0.884 0.611 0.392 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.2: Analysis of variance for weekly body weight  

 Source df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

I Wk 

Between Treatments 7 1944.3 2.016
*
 0.051 Between Cr Sources 1 729.6 0.68  0.411 

Error 785 964.6   Error 693 1079.8   

Total 792    Total 694    

II Wk 

Between Treatments 7 6677.5 8.227
*
 0.000 Between Cr Sources 1 14731.3 17.85

*
 0.000 

Error 782 811.6   Error 691 825.2   

Total 789    Total 692    

III Wk 

Between Treatments 7 5686.9 2.302
*
 0.025 Between Cr Sources 1 11620.8 4.75

*
 0.030 

Error 777 2470.7   Error 688 2448.1   

Total 784    Total 689    

IV Wk 

Between Treatments 7 4208.1 0.573 0.778 Between Cr Sources 1 1541.0 0.21  0.647 

Error 775 7347.7   Error 685 7341.3   

Total 782    Total 686    

V Wk 

Between Treatments 7 7844.1 0.522 0.818 Between Cr Sources 1 7514.1 0.50  0.481 

Error 776 15032.0   Error 686 15093.0   

Total 783    Total 687    

VI Wk 

Between Treatments 7 8099.4 0.321 0.945 Between Cr Sources 1 547.9 0.02  0.884 

Error 774 25223.7   Error 685 25632.1   

Total 781    Total 686    

VII Wk 

Between Treatments 7 10450.8 0.251  0.972 Between Cr Sources 1 10782.5 0.26  0.611 

Error 770 41640.2   Error 681 41569.0   

Total 777    Total 682    

VIII Wk 

Between Treatments 7 92918.0 1.463
*
 0.177 Between Cr Sources 1 46262.6 0.73  0.392 

Error 768 63517.2   Error 680 63095.5   

Total 775    Total 681    

*Significant (P≤0.05) 
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comparable between T3, T4, T5, T6, T7 and T8. The response with different levels of Cr 

within Cr yeast supplemented group was neither linear nor quadratic, while it was 

linear in Nano Cr group. Also, the source effects between Cr yeast and Nano Cr was 

significant and Nano Cr was better than Cr yeast.  

During IV, V, VI and VII weeks, no significant difference (P≤0.05) in the 

body weight was recorded among different Cr supplemented groups and the control 

group and the response with different levels was neither linear nor quadratic in both 

Cr yeast and Nano Cr fed groups. Between the sources (Cr yeast and Nano Cr), no 

significant difference (P≤0.05) was noticed in cumulative body weight during IV, V, 

VI and VII weeks.  

The cumulative body weight during VIII weeks showed no statistical difference 

(P≤0.05) among different groups except T4 (1590.9 g) which was significantly lower 

than the control (1700.2 g) and T8 (1673.1 g). The highest body weight was noticed in 

the control group and the lowest was recorded in T4. The body weight in other Cr 

supplemented groups was comparable with that of the control. Among different Cr 

supplemented groups, the body weight was statistically similar among all groups 

except T4. The response with different levels was neither linear nor quadratic in Nano 

Cr fed groups, while it was linear in Cr yeast supplemented group. Also, the source 

effects for body weight was not statistically significant.  

4.1.2 Feed consumption  

The effect of supplementing Chromium yeast and Nano chromium on mean 

cumulative weekly feed consumption (g/bird/week) from first to eighth week of age is 
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presented in Table 4.3 and the mean sum of square from analysis of variance between 

treatments and between Cr sources is presented in Table 4.4. The feed consumption 

during I and III weeks remained significantly (P≤0.05) different among different 

treatment groups. The differences in feed intake in other weeks remained non 

significant among different treatment groups. 

During I week, feed consumption was lowest in Cr yeast 200 ppb fed group 

(T2, 49.9 g) and was significantly (P≤0.05) lower than that in the control group (59.3 

g), T5 (58.2 g) and T6 (58.1g). The feed intake in other Cr supplemented groups was 

statistically similar to that of the control group. The response within a source for 

different Cr levels was neither linear nor quadratic in both Cr yeast and Nano Cr 

supplemented groups. However, the source effect was statistically significant and Cr 

yeast was found to be better than Nano Cr in reducing feed intake. 

During III week, cumulative feed intake was highest in T8 (Nano Cr, 400 ppb – 

632.3 g) and was lowest in T4 (Cr yeast, 600 ppb – 601.8 g). Feed intake was 

significantly (P≤0.05) lower than the control group in T4 and T5 (601.8 g and 602.2 g, 

respectively). Among the Cr yeast supplemented groups, T4 had lowest feed intake, 

but was statistically comparable with T3 (618.3 g), T5 (602.2 g) and T6 (610.8 g). 

Among Cr supplemented groups feed consumption was statistically similar between 

T2, T3, T7 and T8. The response with different Cr levels in Cr yeast groups was linear 

and in Nano Cr groups was quadratic in nature. However, the source effect was found 

to be insignificant.  
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Table 4.3: Effect of supplementing chromium yeast and Nano chromium on cumulative weekly feed consumption (g/bird) of 

dual purpose chicken 

Treatment 
Cr 

Source 

Cr Level 

(ppb) 
I week II week III week IV week V week VI week VII week VIII week 

T1 Control 0 59.3 ± 3.63
a
 296.0 ± 5.96 626.0 ± 10.04

ab
 1084.2 ± 16.85 1615.3 ± 33.81 2112.1 ± 42.01 2765.2 ± 54.96 3502.6 ±  67.35 

T2 Cr yeast 200 49.9 ± 2.45
b
 292.0 ± 6.80 623.5 ± 4.72

ab
 1078.6 ± 13.41 1613.9 ± 17.40 2120.8 ± 20.68 2735.0 ± 31.34 3477.0 ± 42.22 

T3 Cr yeast 400 55.0 ± 2.61
ab

 290.3 ± 5.05 618.3 ± 8.90
abc

 1065.5 ± 17.40 1587.9 ± 21.73 2075.4 ± 23.56 2714.8 ± 32.41 3434.4 ± 40.54 

T4 Cr yeast 600 51.7 ± 3.20
ab

 289.3 ± 4.17 601.8 ± 3.04
c
 1054.1 ± 10.19 1571.1 ± 6.83 2067.1 ± 27.07 2679.5 ± 41.50 3403.5 ± 49.68 

T5 Nano Cr 50 58.2 ± 1.18
a
 288.4 ± 3.35 602.2 ± 1.38

c
 1050.4 ± 14.72 1589.1 ± 14.52 2083.4 ± 25.65 2675.5 ± 26.33 3377.3 ± 37.66 

T6 Nano Cr 100 58.1 ± 1.76
a
 293.2 ± 2.64 610.8 ± 4.87

bc
 1061.9 ± 16.44 1597.0 ± 15.88 2120.0 ± 38.54 2673.8 ± 24.33 3385.2 ± 32.28 

T7 Nano Cr 200 57.1 ± 1.82
ab

 291.1 ± 8.78 631.5 ± 8.19
ab

 1054.7 ± 11.02 1590.2 ± 11.75 2085.6 ± 13.18 2668.1 ± 12.15 3390.6 ± 21.45 

T8 Nano Cr 400 52.5 ± 1.84
ab

 296.0 ± 1.62 632.3 ± 5.96
a
 1061.6 ± 9.98 1601.4 ± 7.86 2094.7 ± 17.04 2707.4 ± 35.64 3418.8 ± 35.03 

Probabilities 

Polynomial contrasts 

Cr yeast           

 Linear   0.209 0.394 0.029* 0.137 0.129 0.190 0.152 0.156 

 Quadratic  0.328 0.793 0.352 0.845 0.733 0.776 0.951 0.959 

Nano Cr           

 Linear   0.087 0.815 0.492 0.180 0.463 0.661 0.091 0.079 

 Quadratic  0.192 0.301 0.002* 0.311 0.473 0.914 0.138 0.120 

Cr Source   0.021* 0.661 0.427 0.374 0.757 0.665 0.210 0.113 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.4: Analysis of variance for cumulative weekly feed consumption 

 
Source df 

Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

I Wk 

Between Treatments 7 60.5 2.04* 0.080 Between Cr Sources 1 153.9 5.90* 0.021 

Error 32 29.6 
  

Error 33 26.1   

Total 39 
   

Total 34    

II Wk 

Between Treatments 7 40.7 0.29 0.952 Between Cr Sources 1 23.1 0.20 0.661 

Error 32 139.0 
  

Error 33 118.5   

Total 39 
   

Total 34    

III Wk 

Between Treatments 7 746.5 3.52* 0.007 Between Cr Sources 1 186.0 0.65 0.427 

Error 32 212.3 
  

Error 33 287.2   

Total 39 
   

Total 34    

IV Wk 

Between Treatments 7 715.2 0.72 0.652 Between Cr Sources 1 684.4 0.81
 
 0.374 

Error 32 986.5 
  

Error 33 844.3   

Total 39 
   

Total 34    

V Wk 

Between Treatments 7 1063.2 0.65 0.714 Between Cr Sources 1 102.7 0.10
 
 0.757 

Error 32 1642.0 
  

Error 33 1055.6   

Total 39 
   

Total 34    

VI Wk 

Between Treatments 7 2120.1 0.56 0.785 Between Cr Sources 1 573.9 0.19
 
 0.665 

Error 32 3804.9 
  

Error 33 3001.1   

Total 39 
   

Total 34    

VII Wk 

Between Treatments 7 6018.1 1.02 0.439 Between Cr Sources 1 7019.3 1.63
 
 0.210 

Error 32 5924.1 
  

Error 33 4295.6   

Total 39 
   

Total 34    

VIII Wk 

Between Treatments 7 10242.6 1.12 0.373 Between Cr Sources 1 17584.0 2.65
 
 0.113 

Error 32 9111.5 
  

Error 33 6646.8   

Total 39 
   

Total 34    

*Significant (P≤0.05) 
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Feed intake in all other weeks except I and III weeks was not statistically different 

(P≤0.05) among different treatments. The response with different levels was neither 

linear nor quadratic in either of the Cr sources and also there was no significant 

difference between the two sources for cumulative feed intake. 

4.1.3 Feed Conversion Ratio 

The cumulative feed conversion ratio (FCR) from I to VIII weeks of age as 

influenced by supplementing  Chromium yeast and Nano chromium in dual purpose 

chicken is presented in Table 4.5 and the mean sum of square from analysis of variance 

between treatments and between Cr sources is presented in Table 4.6.  

The FCR among different treatment groups differed significantly (P≤0.05) during 

I, II and III weeks and during other weeks, FCR was non significant.  

During I week, the FCR in T2 (0.55) and T8 (0.57) was significantly better than 

the control group (0.67) and was statistically similar to T4 (0.59), T5 (0.63) and T7 

(0.63).  The FCR was poorer in T6 (0.7) and was statistically similar with T1, T3, T5 and 

T7. The response with different Cr levels in Cr yeast group was neither linear nor 

quadratic, while in Nano Cr supplemented group, the response was linear for reduction 

in FCR. The source effect (Cr yeast v/s Nano Cr) was not significant. 

During II week, cumulative FCR was best in T7 (1.24) and was significantly 

better compared to control (1.4) and other Cr supplemented groups. Compared to the 

control group, FCR was significantly (P≤0.05) better in T4 (1.32), T5 (1.3), T7 (1.24) 

and T8 (1.31). Among Cr supplemented groups, FCR was significantly similar between
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Table 4.5: Effect of supplementing chromium yeast and Nano chromium on cumulative weekly feed conversion ratio of dual 

purpose chicken 

Treatment Cr Source 
Cr Level 

(ppb) 
I week II week III week IV week V week VI week VII week VIII week 

T1 Control 0 0.67 ± 0.02
ab

 1.40 ± 0.01
a
 1.62 ± 0.03

a
 1.75 ± 0.03 1.84 ± 0.03 1.91 ± 0.03 1.98 ± 0.04 2.06 ± 0.04 

T2 Cr yeast 200 0.55 ± 0.03
c
 1.40 ± 0.03

a
 1.63 ± 0.02

a
 1.76 ± 0.02 1.85 ± 0.01 1.90 ±  0.02 1.98 ± 0.00 2.09 ± 0.02 

T3 Cr yeast 400 0.68 ± 0.03
ab

 1.35 ± 0.02
ab

 1.57 ± 0.03
ab

 1.71 ± 0.03 1.79 ± 0.02 1.87 ± 0.04 1.98 ± 0.03 2.06 ± 0.03 

T4 Cr yeast 600 0.59 ± 0.04
bc

 1.32 ± 0.02
b
 1.52 ± 0.03

b
 1.67 ± 0.04 1.81 ± 0.05 1.90 ± 0.07 1.95 ± 0.06 2.16 ± 0.10 

T5 Nano Cr 50 0.63 ± 0.02
abc

 1.30 ± 0.01
b
 1.51 ± 0.02

b
 1.68 ± 0.03 1.81 ± 0.02 1.88 ± 0.03 1.93 ± 0.02 2.05 ± 0.02 

T6 Nano Cr 100 0.70 ± 0.02
a
 1.36 ± 0.02

ab
 1.56 ± 0.02

ab
 1.72 ± 0.04 1.83 ± 0.03 1.92 ± 0.05 1.92 ± 0.02 2.05 ± 0.03 

T7 Nano Cr 200 0.63 ± 0.03
abc

 1.24 ± 0.03
c
 1.55 ± 0.04

ab
 1.71 ± 0.04 1.86 ± 0.03 1.91 ± 0.03 1.95 ± 0.02 2.06 ± 0.02 

T8 Nano Cr 400 0.57 ± 0.02
c
 1.31 ± 0.02

b
 1.59 ± 0.04

ab
 1.73 ± 0.02 1.84 ± 0.01 1.87 ± 0.01 1.95 ± 0.02 2.04 ± 0.02 

Probabilities 

Polynomial contrasts 

Cr yeast           

 Linear    0.520 0.008* 0.008* 0.049* 0.329 0.661 0.624 0.340 

 Quadratic   0.561 0.656 0.226 0.511 0.830 0.684 0.751 0.582 

Nano Cr           

 Linear    0.037* 0.000* 0.339 0.512 0.723 0.623 0.253 0.681 

 Quadratic   0.040* 0.269 0.024* 0.236 0.406 0.816 0.137 0.962 

Cr Source    0.320 0.021* 0.440 0.844 0.426 0.829 0.130 0.130 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.6: Analysis of variance for cumulative weekly feed conversion ratio  

  Source  df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

I Wk 

Between Treatments  7 0.015 3.80* 0.00 Between Cr Sources 1 0.0062 1.02 0.320 

Error 32 0.004 
  

Error 33 0.0061   

Total 39 
   

Total 34    

II Wk 

Between Treatments  7 0.014 6.87* 0.00 Between Cr Sources 1 0.0207 5.88* 0.021 

Error 32 0.002 
  

Error 33 0.0035   

Total 39 
   

Total 34    

III Wk 

Between Treatments  7 0.009 2.28* 0.05 Between Cr Sources 1 0.0030 0.61 0.440 

Error 32 0.004 
  

Error 33 0.0050   

Total 39 
   

Total 34    

IV Wk 

Between Treatments  7 0.005 0.91 0.51 Between Cr Sources 1 0.0002 0.04 0.844 

Error 32 0.006 
  

Error 33 0.0058   

Total 39 
   

Total 34    

V Wk 

Between Treatments  7 0.002 0.69 0.68 Between Cr Sources 1 0.0022 0.65 0.426 

Error 32 0.004 
  

Error 33 0.0035   

Total 39 
   

Total 34    

VI Wk 

Between Treatments  7 0.002 0.26 0.97 Between Cr Sources 1 0.0003 0.05 0.829 

Error 32 0.007 
  

Error 33 0.0065   

Total 39 
   

Total 34    

VII Wk 

Between Treatments  7 0.003 0.61 0.75 Between Cr Sources 1 0.0103 2.41 0.130 

Error 32 0.005 
  

Error 33 0.0043   

Total 39 
   

Total 34    

VIII Wk 

Between Treatments  7 0.007 0.74 0.64 Between Cr Sources 1 0.0264 2.77 0.106 

Error 32 0.010 
  

Error 33 0.0095   

Total 39 
   

Total 34    

*Significant (P≤0.05)
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T3, T4, T5, T6 and T8. In both the Cr sources, the response with different Cr levels was 

linear. Between the two sources, Nano Cr was significantly better than Cr yeast. 

The FCR in III week was significantly better in T4 (1.52) and T5 (1.51) than the 

control (1.62), while the other groups were comparable with control for FCR. Among 

different Cr supplemented groups, FCR was statistically similar between T2, T3, T6, T7 

and T8 and also between T3 to T8. The response with different levels in Cr yeast 

supplemented groups was linear, while it was quadratic in Nano Cr groups. However, the 

source effects remained insignificant. 

During IV to VIII weeks, FCR remained statistically non significant among 

different treatment groups. The response with different Cr levels was neither linear 

nor quadratic in either of the Cr sources during IV to VIII weeks except in IV week, it 

was linear in Cr yeast supplemented group. In all these weeks, there was no 

significant difference in FCR between the two sources. 

4.2 Serum biochemical parameters 

The effects of supplementing Chromium yeast and Nano chromium on 

various serum biochemical parameters is presented in Table 4.7 and the mean sum of 

square from analysis of variance between treatments and between Cr sources is presented 

in Table 4.8. The results of serum triglycerides, cholesterol and glucose levels and the 

levels of serum total protein, albumin and globulin are graphically depicted in Fig. 4.1 

and Fig. 4.2, respectively.  
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The results revealed significant increase (P≤0.05) in the serum levels of total 

protein, albumin and globulin in all the Cr supplemented groups when compared to the 

control group. The total protein, albumen and globulin levels were highest in T8 (Nano 

Cr, 400 ppb), which was comparable with T4 (Cr yeast, 600 ppb) for total protein and 

globulin. Albumin concentration was highest in 400 ppb Nano Cr supplemented group 

(2.08 g/dl) and was significantly higher than other Cr supplemented groups and control. 

The albumin level in T5 (Nano Cr, 50 ppb – 1.31 g/dl) was comparable with that of the 

control group (1.24 g/dl). The highest globulin concentration was observed in T8 (Nano 

Cr, 400 ppb – 3.84 g/dl) and was significantly higher than the control and other Cr 

supplemented groups. Within each source with different levels, the response was linear in 

total protein, albumin and globulin levels. However, no significant difference (P≤0.05) 

was recorded between the two sources for total protein, albumin and globulin levels. 

The levels of triglycerides, cholesterol and glucose in the serum were significantly 

lower (P≤0.05) in all Cr supplemented groups than the control group and were least in 

T8 (Nano Cr, 400 ppb) compared to other Cr supplemented groups for triglycerides and 

glucose. Among the Cr supplemented groups, the triglyceride level was statistically 

similar between T2 (Cr yeast, 200 ppb – 139.36 mg/dl) and T5 (Nano Cr, 50 ppb – 140.08 

mg/dl), between T3 (Cr yeast, 400 ppb – 130.44 mg/dl) and T6 (Nano Cr, 100 ppb – 

129.58 mg/dl) and also between T4 (Cr yeast, 600 ppb – 120.6 mg/dl) and T7 (Nano Cr, 

200 ppb – 120.28 mg/dl). The lowest cholesterol level was recorded in T8 (Nano Cr, 400 

ppb – 220.94 mg/dl) which was significantly lower compared to other Cr supplemented 

groups except in T4 (222.94 mg/dl). Among Cr supplemented groups,      
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Table 4.7: Effect of supplementing chromium yeast and Nano chromium on serum biochemical parameters of dual purpose 

chicken  

Treatment Cr Source 
Cr Level 

(ppb) 

Total protein 

(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 

Triglycerides 

(mg/dl) 

Cholesterol 

(mg/dl) 

Glucose  

(mg/dl) 

SGOT 

(U/L) 

SGPT 

(U/L) 

T1 Control 0 3.81 ± 0.09
e
 1.24 ± 0.04

e
 2.57 ± 0.11

d
 148.14 ± 2.18

a
 259.64 ± 1.45

a
 279.20 ± 2.25

a
 112.79 ± 6.69 25.38 ± 1.17 

T2 Cr yeast 200 4.32 ± 0.10
d
 1.37 ± 0.01

d
 2.95 ± 0.11

c
 139.36 ± 0.89

b
 250.14 ± 0.41

b
 272.14 ± 0.61

b
 128.34 ± 22.89 24.46 ± 0.80 

T3 Cr yeast 400 4.93 ± 0.06
c
 1.60 ± 0.02

c
 3.33 ± 0.06

b
 130.44 ± 0.42

c
 233.94 ± 0.79

d
 255.40 ± 0.91

c
 115.26 ± 11.61 23.46 ± 0.87 

T4 Cr yeast 600 5.74 ± 0.06
a
 1.96 ± 0.03

b
 3.78 ± 0.08

a
 120.60 ± 0.55

d
 222.94 ± 1.01

e
 214.34 ± 1.61

f
 108.55 ± 9.23 25.80 ± 1.07 

T5 Nano Cr 50 4.26 ± 0.03
d
 1.31 ± 0.03

de
 2.95 ± 0.04

c
 140.08 ± 0.84

b
 250.70 ± 0.40

b
 275.36 ± 0.39

b
 113.85 ± 6.41 24.52 ± 0.65 

T6 Nano Cr 100 4.74 ± 0.06
c
 1.62 ± 0.02

c
 3.12 ± 0.03

bc
 129.58 ± 0.58

c
 243.56 ± 0.93

c
 248.64 ± 0.40

d
 119.51 ± 7.48 25.90 ± 1.22 

T7 Nano Cr 200 5.21 ± 0.08
b
 1.87 ± 0.03

b
 3.34 ± 0.08

b
 120.28 ± 0.70

d
 233.36 ± 1.17

d
 221.52 ± 0.72

e
 149.20 ± 15.49 23.96 ± 0.49 

T8 Nano Cr 400 5.93 ± 0.03
a
 2.08 ± 0.06

a
 3.84 ± 0.06

a
 113.82 ± 0.40

e
 220.94 ± 0.43

e
 201.48 ± 1.19

g
 137.55 ± 19.07 25.32 ± 0.62 

Probabilities 

Polynomial contrasts 

Cr yeast           

 Linear   0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.687 0.954 

 Quadratic  0.093 0.000* 0.702 0.672 0.459 0.000* 0.440 0.118 

Nano Cr           

 Linear   0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.070 0.715 

 Quadratic  0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.325 0.775 

Cr Source   0.860 0.428 0.761 0.199 0.715 0.265 0.256 0.602 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.8: Analysis of variance for serum biochemical parameters  

 
Source df 

Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Total protein 

Between Treatments 7 2.72 116.32* 0.000 Between Cr Sources 1 0.01 0.03 0.860 

Error  32 0.02 
  

Error 33 0.40   

Total 39 
   

Total 34    

Albumin 

Between Treatments 7 0.50 93.57* 0.000 Between Cr Sources 1 0.05 0.64 0.428 

Error  32 0.01 
  

Error 33 0.08   

Total 39 
   

Total 34    

Globulin 

Between Treatments 7 0.93 30.96* 0.000 Between Cr Sources 1 0.01 0.09 0.761 

Error  32 0.03 
  

Error 33 0.14   

Total 39 
   

Total 34    

Triglycerides 

Between Treatments 7 687.58 142.46* 0.000 Between Cr Sources 1 150.72 1.71 0.199 

Error  32 4.83 
  

Error 33 87.90   

Total 39 
   

Total 34    

Cholesterol 

Between Treatments 7 962.86 237.11* 0.000 Between Cr Sources 1 18.44 0.14 0.715 

Error  32 4.06 
  

Error 33 135.43   

Total 39 
   

Total 34    

Glucose 

Between Treatments 7 4518.95 650.20* 0.000 Between Cr Sources 1 952.82 1.28 0.265 

Error  32 6.95 
  

Error 33 742.60   

Total 39 
   

Total 34    

SGOT 

Between Treatments 7 996.63 1.07 0.404 Between Cr Sources 1 1369.67 1.33 0.256 

Error  32 930.62 
  

Error 33 1026.69   

Total 39 
   

Total 34    

SGPT 

Between Treatments 7 3.92 0.97 0.466 Between Cr Sources 1 1.06 0.28 0.602 

Error  32 4.02 
  

Error 33 3.83   

Total 39 
   

Total 34    

*Significant (P≤0.05)
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Fig. 4.1: Effect of supplementing chromium yeast and Nano chromium on serum triglycerides, cholesterol and glucose levels 
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Fig. 4.2: Effect of supplementing chromium yeast and Nano chromium on serum total protein, albumin and globulin levels 
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cholesterol content was statistically similar between T2 (250.14 mg/dl) and T5 (250.70 

mg/dl) and also between T3 (233.94 mg/dl) and T7 (233.36 mg/dl). The serum glucose 

level was significantly lowest in T8 (201.48 mg/dl) which was significantly lower than 

other Cr supplemented groups and the control. However, between T2 (272.14 mg/dl) and 

T5 (275.36 mg/dl), there was no significant difference. Within each Cr source, with 

different levels, the response was linear in triglycerides, cholesterol and glucose levels.  

The activities of SGOT and SGPT enzymes in the serum were not significantly 

different in Cr supplemented groups when compared to the control group. For all the 

serum biochemical parameters, the source effect i.e., between Cr yeast and Nano Cr, no 

significant difference was recorded. 

4.3 Haematological parameters 

The influence of supplementing Chromium yeast and Nano chromium on 

various serum haematological parameters viz., Haemoglobin (Hb %), Packed cell 

volume (PCV %), Erythrocyte sedimentation rate (ESR, mm/hr), Total erythrocyte 

count (TEC, m/mm
3
), Mean corpuscular volume (MCV, fl), Mean corpuscular 

haemoglobin (MCH, Pg) and Mean corpuscular haemoglobin concentration (MCHC, 

%) is presented in Table 4.9 and Total count (1000/mm
3
), Platelets (103/mm3) and 

differential leukocyte count (heterophils, lymphocyte, monocyte, basophil and 

eosinophil %) and heterophils to lymphocyte ratio are presented in Table 4.11. The 

mean sum of squares from analysis of variance between treatments and between Cr 

sources for the above parameters is presented in Table 4.10 and 4.12, respectively.  
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PCV, ESR, TEC and MCV values were not significantly different (P≤0.05) 

between different dietary treatment groups. The Hb per cent was highest in T8 (Nano Cr, 

400 ppb – 14.74 %) and was significantly higher than that in the control group and other 

Cr supplemented groups except in T4 (14.42 %) and T7 (14.08 %). However, Hb per cent 

in other Cr supplemented groups was comparable with that in the control group. Among 

the Cr supplemented groups, non significant difference was observed between T2, T3, T5, 

T6 and T7. The MCH and MCHC values in different Cr supplemented groups were not 

significantly different (P≤0.05) from that in the control group.  The highest MCH value 

observed in T6 (56.86 Pg) was significantly different from T3 (50.08 Pg) and was 

significantly comparable with control and other Cr supplemented groups. The similar 

trend as observed in MCH value was also noticed with MCHC values, wherein the 

highest MCHC values was recorded in T6 (38.42 %) which was significantly different 

from T3 (35.98 %) and T8 (35.98 %) and was statistically similar with the control and 

other Cr supplemented groups. 

For the Hb levels, the response within each Cr source with different levels was 

linear in both Cr yeast and Nano Cr supplemented groups. Whereas, the response was 

neither linear nor quadratic in either of the Cr sources for PCV, ESR, TEC, MCV, MCH 

and MCHC. For all the above mentioned haematological parameters, the source effects 

(Cr yeast v/s Nano Cr) remained insignificant.  

The data pertaining to the levels of platelets, monocytes, basophils and 

eosinophils in different treatments was statistically non significant (P≤0.05). The TC 

(1000/mm
3
) was significantly higher (P≤0.05) in T4 (Cr yeast, 600 ppb – 33.44) and 
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was statistically similar to T8 (Nano Cr, 400 ppb – 26.42). The TC in both T4 and T8 

was significantly higher than that in the control group (15.22). TC in other Cr 

supplemented groups remained statistically indifferent from the control group. The 

heterophil count was lowest in T8 (24 %) and was significantly lower than the control 

and other Cr fortified groups except T4 (24.8 %). 

The heterophil counts among Cr supplemented groups was statistically similar 

between T2 (33.2 %) and T5 (35 %) and also between T3 (27.8 %) and T7 (29.6 %). 

Also, between T6 (31 %) and T7, there was no significant difference in heterophil 

counts. The lymphocyte counts was highest in T8 (Nano Cr, 400 ppb – 69 %) and was 

significantly higher than the control and other Cr supplemented groups except in T4 

(Cr yeast, 600 ppb – 67.2 %). No significant difference (P≤0.05) in lymphocyte 

counts was seen between the control group (57.8 %), T2 (Cr yeast, 200 ppb – 58.4 %), 

T5 (Nano Cr, 50 ppb – 57.6 %) and T6 (Nano Cr, 100 ppb – 60.6 %).   

The heterophil to lymphocyte ratio (H/L) was significantly lower in all Cr 

fortified groups than that in the control group (0.59), except in T2 (Cr yeast, 200 ppb – 

0.57)) and T5 (Nano Cr, 50 ppb – 0.61).  The H/L ratio was lowest in T8 (Nano Cr, 

400 ppb – 0.35) which was significantly lower than control and other Cr 

supplemented groups except T4 (Cr yeast – 0.37). Among the different Cr fortified 

groups, no significant difference in H/L ratio was observed between T2 and T5, 

between T3 and T7 and also between T6 and T7.   

The response within each Cr source with different levels was linear in both Cr 

yeast and Nano Cr supplemented groups for TC, heterophil per cent, lymphocyte per
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Table 4.9: Effect of supplementing chromium yeast and Nano chromium on haematological parameters of dual purpose 

chicken  

Treatment Cr Source 
Cr Level 

(ppb) 
Hb (%) PCV (%) ESR (mm/hr) TEC (m/mm3) MCV (fl) MCH (Pg) MCHC (%) 

T1 Control 0 13.16 ± 0.21
d
 38.94 ± 0.91 3.00 ± 0.55 2.77 ± 0.06 140.94 ± 0.73 51.06 ± 0.27

ab
 36.26 ± 0.35

ab
 

T2 Cr yeast 200 13.52 ± 0.35
cd

 36.30 ± 0.81 3.80 ± 0.37 2.56 ± 0.05 141.74 ± 1.00 51.36 ± 0.53
ab

 36.24 ± 0.29
ab

 

T3 Cr yeast 400 13.58 ± 0.51
cd

 33.64 ± 4.31 3.80 ± 0.58 2.39 ± 0.27 139.44 ± 3.34 50.08 ± 1.60
b
 35.98 ± 0.55

b
 

T4 Cr yeast 600 14.42 ± 0.09
ab

 39.56 ± 0.49 2.20 ± 0.73 2.74 ± 0.05 144.90 ± 1.74 52.64 ± 0.91
ab

 36.44 ± 0.58
ab

 

T5 Nano Cr 50 13.74 ± 0.22
bcd

 37.82 ± 0.79 4.00 ± 0.45 2.71 ± 0.09 140.24 ± 2.51 50.84 ± 0.84
ab

 36.32 ± 0.36
ab

 

T6 Nano Cr 100 13.66 ± 0.08
bcd

 35.30 ± 2.07 3.60 ± 0.60 2.43 ± 0.21 147.24 ± 6.22 56.86 ± 4.91
a
 38.42 ± 1.61

a
 

T7 Nano Cr 200 14.08 ± 0.07
abc

 36.46 ± 0.85 3.00 ± 0.32 2.51 ± 0.03 145.52 ± 3.17 53.86 ± 1.38
ab

 36.98 ± 0.26
ab

 

T8 Nano Cr 400 14.74 ± 0.15
a
 35.50 ± 0.86 3.00 ± 0.71 2.47 ± 0.06 143.82 ± 1.00 51.90 ± 1.14

ab
 35.98 ± 0.43

b
 

Probabilities 

Polynomial contrasts 

Cr yeast          

 Linear   0.019* 0.938 0.364 0.680 0.296 0.436 0.893 

 Quadratic  0.477 0.076 0.053* 0.071 0.257 0.260 0.609 

Nano Cr          

 Linear   0.000* 0.055 0.989 0.054* 0.311 0.434 0.694 

 Quadratic  0.014* 0.970 0.141 0.887 0.958 0.525 0.210 

Cr Source   0.363 0.878 0.766 0.755 0.371 0.229 0.224 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.10: Analysis of variance for haematological parameters 

 
Source df 

Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Hb 

Between Treatments 7 1.34 4.17* 0.002 Between Cr Sources 1 0.40 0.85 0.363 

Error  32 0.32 
  

Error 33 0.47   

Total 39 
   

Total 34    

PCV 

Between Treatments 7 19.59 1.18 0.344 Between Cr Sources 1 0.45 0.02 0.878 

Error  32 16.66 
  

Error 33 18.91   

Total 39 
   

Total 34    

ESR 

Between Treatments 7 1.83 1.18 0.342 Between Cr Sources 1 0.15 0.09 0.766 

Error  32 1.55 
  

Error 33 1.69   

Total 39 
   

Total 34    

TEC 

Between Treatments 7 0.11 1.26 0.302 Between Cr Sources 1 0.01 0.10 0.755 

Error  32 0.09 
  

Error 33 .10   

Total 39 
   

Total 34    

MCV 

Between Treatments 7 39.09 0.87 0.539 Between Cr Sources 1 40.67 0.82 0.371 

Error  32 44.83 
  

Error 33 49.49   

Total 39 
   

Total 34    

MCH 

Between Treatments 7 23.56 1.19 0.339 Between Cr Sources 1 34.46 1.51 0.229 

Error  32 19.87 
  

Error 33 22.90   

Total 39 
   

Total 34    

MCHC 

Between Treatments 7 3.26 1.37 0.251 Between Cr Sources 1 4.26 1.53 0.224 

Error  32 2.38 
  

Error 33 2.78   

Total 39 
   

Total 34    

*Significant (P≤0.05) 
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Table 4.11: Effect of supplementing chromium yeast and Nano chromium on haematological parameters (TC and DLC) of 

dual purpose chicken  

Treatment 
Cr 

Source 

Cr Level 

(ppb) 

TC 

(1000/mm
3
) 

Platelet 

(10
3
/mm

3
) 

Heterophil   

(%) 

Lymphocyte 

(%) 

Monocyte 

(%) 

Basophil 

(%) 

Eosinophil 

(%) 
H/L Ratio 

T1 Control 0 15.22 ± 0.84
cd

 57.60 ± 4.65 34.00 ± 1.05
a
 57.80 ± 1.02

e
 0.60 ± 0.24 6.60 ± 0.51 1.00  ± 0.45 0.59 ± 0.03

a
 

T2 Cr yeast 200 11.28 ± 3.14
d
 45.20 ± 2.71 33.20 ± 1.24

a
 58.40 ± 1.21

e
 1.20 ± 0.37 6.60 ± 0.51 0.60 ± 0.24 0.57 ± 0.03

a
 

T3 Cr yeast 400 14.30 ± 0.30
cd

 54.20 ± 7.47 27.80 ± 0.58
c
 65.40 ± 1.12

bc
 1.00 ± 0.45 5.20 ± 1.20 0.60 ± 0.40 0.43 ± 0.01

c
 

T4 Cr yeast 600 33.44 ± 3.36
a
 51.60 ± 1.63 24.80 ± 0.37

d
 67.20 ± 1.11

ab
 1.40 ± 0.40 5.80 ± 0.86 0.80 ± 0.37 0.37 ± 0.01

d
 

T5 Nano Cr 50 16.78 ± 1.91
cd

 49.80 ± 2.15 35.00 ± 0.55
a
 57.60 ± 0.40

e
 1.00 ± 0.32 6.00 ± 0.71 0.40 ± 0.40 0.61 ± 0.01

a
 

T6 Nano Cr 100 19.94 ± 3.86
bc

 47.00 ± 8.62 31.00 ± 0.71
b
 60.60 ± 1.36d

e
 1.00 ± 0.45 6.80 ± 0.73 0.60 ± 0.40 0.51 ± 0.02

b
 

T7 Nano Cr 200 20.72 ± 1.61
bc

 45.80 ± 1.36 29.60 ± 0.68
bc

 63.00 ± 0.45
cd

 1.00 ± 0.32 5.80 ± 0.66 0.60 ± 0.40 0.47 ± 0.01
bc

 

T8 Nano Cr 400 26.42 ± 2.45
ab

 52.40 ± 5.01 24.00 ± 0.45
d
 69.00 ± 1.14

a
 0.80 ± 0.37 5.40 ± 0.40 0.80 ± 0.49 0.35 ± 0.01

d
 

Probabilities 

Polynomial contrasts 

Cr yeast           

 Linear   0.000* 0.673 0.000* 0.000* 0.207 0.316 0.725 0.000* 

 Quadratic  0.000* 0.310 0.231 0.599 0.793 0.720 0.434 0.422 

Nano Cr           

 Linear   0.005* 0.206 0.000* 0.000* 0.515 0.239 0.622 0.000* 

 Quadratic  0.099 0.297 0.000* 0.000* 0.452 0.472 0.379 0.000* 

Cr Source   0.676 0.668 0.363 0.488 0.369 0.816 0.813 0.394 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.12: Analysis of variance for haematological parameters (TC and DLC) 

  Source  df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

TC 

Between Treatments 7 259.76 8.47* 0.000 Between Cr Sources 1 14.30 0.18 0.676 

Error  32 30.69 
  

Error 33 80.43   

Total 39 
   

Total 34    

Platelet 

Between Treatments 7 94.16 0.78 0.609 Between Cr Sources 1 21.49 0.19 0.668 

Error  32 120.78 
  

Error 33 114.46   

Total 39 
   

Total 34    

Heterophil 

Between Treatments 7 85.88 30.00* 0.000 Between Cr Sources 1 14.49 0.85 0.363 

Error  32 2.86 
  

Error 33 17.01   

Total 39 
   

Total 34    

Lymphocyte 

Between Treatments 7 99.57 18.70* 0.000 Between Cr Sources 1 10.69 0.49 0.488 

Error  32 5.33 
  

Error 33 21.71   

Total 39 
   

Total 34    

Monocyte 

Between Treatments 7 0.29 0.42 0.885 Between Cr Sources 1 0.54 0.83 0.369 

Error  32 0.69 
  

Error 33 0.65   

Total 39 
   

Total 34    

Basophil 

Between Treatments 7 1.74 0.64 0.719 Between Cr Sources 1 0.15 0.05 0.816 

Error  32 2.71 
  

Error 33 2.78   

Total 39 
   

Total 34    

Eosinophil 

Between Treatments 7 0.17 0.21 0.981 Between Cr Sources 1 0.04 0.06 0.813 

Error  32 0.80 
  

Error 33 0.67   

Total 39 
   

Total 34    

H/L Ratio 

Between Treatments 7 0.05 27.10* 0.000 Between Cr Sources 1 0.01 0.75 0.394 

Error  32 0.00 
  

Error 33 0.01   

Total 39 
   

Total 34    

*Significant (P≤0.05) 
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cent and H/L ratio. However, the source effects for any of these parameters remained 

insignificant (P≤0.05). 

4.4 Blood mineral content 

The mineral contents of blood viz., Cr, Zn, Mn, Fe and Cu, as influenced by 

supplementing  Chromium yeast and Nano chromium is presented in Table 4.13 and 

the mean sum of square from analysis of variance between treatments and between Cr 

sources is presented in Table 4.14.  

Cr content in blood was significantly (P≤0.05) more than the control group in T3, 

T4, T7 and T8 and was highest in T4 (Cr yeast, 600 ppb – 7.13 ppb). Among the 

different Cr supplemented groups, there was no significant difference in blood Cr 

content between T2 (1.75 ppb), T3 (3.5 ppb), T5 (1.75 ppb) and T7 (3.0 ppb) and also 

between T3 (3.50 ppb) and T8 (4.75 ppb).  

Zn level in blood in T5 (24.06 ppm) was significantly higher (P≤0.05) than the 

control (15.81 ppm), T2 (12.94 ppm) and T3 (15.95 ppm), whereas, the blood Zn level 

in T4 was statistically similar to T6 (20.21 ppm), T7 (19.65 ppm) and T8 (20.15 ppm). 

Except for T5, the other Cr supplemented groups had statistically similar blood Zn 

contents when compared to the control. The Mn content in blood was highest in T6 

(0.127 ppm), which was significantly higher than control, T2, T3 and T4 and was 

significantly comparable with T5, T7 and T8. The highest blood Fe content was 

recorded in T8 (417.5 ppm) which was the only Cr supplemented group to be 

significantly different from the control (324.5 ppm). The blood Fe content in T8 was 

statistically similar to other Cr supplemented groups. The blood Cu level was highest
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Table 4.13: Effect of supplementing chromium yeast and Nano chromium on blood mineral content of dual purpose chicken  

Treatment Cr Source 
Cr Level  

(ppb) 
Cr (ppb) Zn (ppm) Mn (ppm) Fe (ppm) Cu (ppm) 

T1 Control 0 0.60 ± 0.27
e
 15.81 ± 1.02

bc
 0.020 ± 0.01

b
 324.8 ± 31.29

b
 0.149 ± 0.01

bc
 

T2 Cr yeast 200 1.75 ± 0.31
cde

 12.94 ± 0.26
c
 0.016 ± 0.00

b
 330.9 ± 22.08

ab
 0.088 ± 0.02

c
 

T3 Cr yeast 400 3.50 ± 0.73
bc

 15.95 ± 1.53
bc

 0.027 ± 0.01
b
 393.9 ± 17.31

ab
 0.203 ± 0.02

ab
 

T4 Cr yeast 600 7.13 ± 0.73
a
 16.07 ± 0.93

bc
 0.034 ± 0.01

b
 347.3 ± 29.98

ab
 0.199 ± 0.05

ab
 

T5 Nano Cr 50 1.75 ± 0.31
cde

 24.06 ± 2.80
a
 0.048 ± 0.01

ab
 392.6 ±7.82

ab
 0.253 ± 0.02

a
 

T6 Nano Cr 100 1.50 ± 0.25
de

 20.21 ± 1.56
ab

 0.127 ± 0.06
a
 379.9 ± 23.84

ab
 0.201 ± 0.02

ab
 

T7 Nano Cr 200 3.00 ± 0.85
cd

 19.65 ± 1.90
ab

 0.050 ± 0.01
ab

 391.8 ± 15.47
ab

 0.200 ± 0.03
ab

 

T8 Nano Cr 400 4.75 ± 0.73
b
 20.15 ± 1.98

ab
 0.091 ± 0.05

ab
 417.5 ± 50.73

a
 0.224 ± 0.04

ab
 

Probabilities 

Polynomial contrasts 

Cr yeast        

 Linear   0.000* 0.425 0.198 0.275 0.068 

 Quadratic  0.040* 0.171 0.530 0.322 0.360 

Nano Cr        

 Linear   0.000* 0.126 0.133 0.039* 0.053* 

 Quadratic  0.012* 0.055 0.672 0.872 0.145 

Cr Source   0.076 0.000* 0.021* 0.070 0.033* 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.14: Analysis of variance for blood mineral content  

 
Source df 

Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Cr 

Between Treatments 7 22.47 13.65* 0.000 Between Cr Sources 1 16.21 3.35 0.076 

Error  32 1.65 
  

Error 33 4.83   

Total 39 
   

Total 34    

Zn 

Between Treatments 7 62.25 4.49* 0.001 Between Cr Sources 1 311.43 19.90* 0.000 

Error  32 13.85 
  

Error 33 15.65   

Total 39 
   

Total 34    

Mn 

Between Treatments 7 0.01 2.04 0.081 Between Cr Sources 1 0.02 5.88* 0.021 

Error  32 0.00 
  

Error 33 0.00   

Total 39 
   

Total 34    

Fe 

Between Treatments 7 5674.32 1.49 0.207 Between Cr Sources 1 12419.52 3.50 0.070 

Error  32 3817.00 
  

Error 33 3544.03   

Total 39 
   

Total 34    

Cu 

Between Treatments 7 0.01 3.13* 0.012 Between Cr Sources 1 0.03 4.96* 0.033 

Error  32 0.00 
  

Error 33 0.01   

Total 39 
   

Total 34    

   *Significant (P≤0.05) 
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in T5 (0.253 ppm) and was significantly higher than control and T2 and was 

statistically comparable with other Cr supplemented groups.   

The response with different levels within each Cr source was linear  for blood Cr 

levels in both Cr yeast and Nano Cr groups, While, for Zn, Mn and Fe, the response was 

neither linear nor quadratic in both the sources. However, for Cu, the response was linear 

in Nano Cr supplemented group. The source effect (Cr yeast v/s Nano Cr) was not 

significant for Cr and Fe levels in blood, while for Zn, Mn and Cu levels, Nano Cr was 

significantly better than the Cr yeast.  

4.5 Immuno competence 

4.5.1 Antibody titers against NDV and IBDV 

The effects of supplementing  Chromium yeast and Nano chromium on 

antibody titers against NDV and IBDV during III and VIII weeks of age is presented in 

Table 4.15 and the mean sum of square from analysis of variance between treatments and 

between Cr sources is presented in Table 4.16. The antibody titers against NDV and 

IBDV during VIII week of age is graphically represented in Fig. 4.3. 

The log2 HI titer against NDV was significantly higher (P≤0.05) in all Cr fortified 

diets fed groups when compared to the control group during both III and VIII week 

(4.40), except in T2 (Cr yeast, 200 ppb – 5.20) which was comparable with the control 

group during III week. The highest titer was recorded in T8 (Nano Cr, 400 ppb) during 

both weeks (7.40 and 8.00 in III and VIII weeks, respectively). During III week, among 

the Cr supplemented groups, the log2 HI titer against NDV was significantly similar 

between T2 and T5 and also between T4, T6, T7 and T8, while significant difference was 
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recorded between T3 and T8. During VIII week, among the Cr supplemented groups, the 

log2 HI titer against NDV was significantly comparable between T2 and T5, between T3 

and T4 and betweenT6, T7 and T8.  

The response with different levels within each Cr source for antibody titers 

against NDV was linear during III and VIII weeks of age in both Cr yeast and Nano Cr 

supplemented groups. With respect to the source effect, there was significant difference 

between the two sources, viz, Cr yeast and Nano Cr for antibody titers against NDV 

during III week Nano Cr was found to be better (P≤0.05) than Cr yeast. 

The antibody titer values against IBDV in all Cr supplemented groups were 

significantly higher (P≤0.05) than that in the control group both in III (1206) and VIII 

(1589) weeks, except in T5 (Nano Cr, 50ppb – 1743) fed group during VIII week. 

Similar to the antibody titers against NDV, highest antibody titers against IBDV 

during III and VIII weeks were found in T8 (2248 and 3084 in III and VIII weeks, 

respectively). Among the Cr supplemented groups  antibody titers against IBDV during 

III were statistically similar between T2 and T5, between T3 and T6 and between T4, T7 

and T8.  

During VII week, IBDV titers were statistically comparable between T2 and T5 

and between T4 and T6. For different levels within each Cr source the response was 

linear for antibody titers against IBDV during III and also VIII weeks of age. The source 

effect (Cr yeast v/s Nano Cr) was significant for antibody titers against IBDV during III 

and VIII weeks of age  and Nano Cr was  found to be significantly better (P≤0.05) than 

Cr yeast.  
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Table 4.15: Effect of supplementing chromium yeast and Nano chromium on 

antibody titers against NDV and IBDV in dual purpose chicken  

Treatment Cr Source 
Cr Level 

(ppb) 

III Week VIII Week 

NDV (log2)  

HI  titer 

IBDV titer 

(ELISA) 

NDV (log2) 

HI titer 

IBDV titer 

(ELISA) 

T1 Control 0 4.40 ± 0.40
d
 1206 ± 67.35

e
 4.40 ± 0.24

e
 1589 ± 24.03

f
 

T2 Cr yeast 200 5.20 ± 0.37
cd

 1449 ± 45.43
d
 5.40 ± 0.24

d
 1794 ± 36.16

e
 

T3 Cr yeast 400 6.40 ± 0.24
b
 1956 ± 56.15

c
 6.40 ± 0.24

c
 2103 ± 35.18

d
 

T4 Cr yeast 600 6.60 ± 0.24
ab

 2141 ± 24.01
ab

 6.80 ± 0.20
bc

 2342 ± 31.41
c
 

T5 Nano Cr 50 5.40 ± 0.24
c
 1385 ± 62.97

d
 5.60 ± 0.24

d
 1743 ± 77.21

ef
 

T6 Nano Cr 100 6.80 ± 0.20
ab

 2002 ± 69.83
bc

 7.40 ± 0.24
ab

 2350 ± 95.08
c
 

T7 Nano Cr 200 7.20 ± 0.20
ab

 2158 ± 35.90
a
 7.60 ± 0.24

ab
 2819 ± 59.01

b
 

T8 Nano Cr 400 7.40 ± 0.24
a
 2248 ± 15.59

a
 8.00 ± 0.45

a
 3084 ± 67.93

a
 

Probabilities 

Polynomial contrasts 

Cr yeast       

 Linear   0.000* 0.000* 0.000* 0.000* 

 Quadratic  0.368 0.572 0.219 0.597 

Nano Cr       

 Linear   0.000* 0.000* 0.000* 0.000* 

 Quadratic  0.228 0.000* 0.249 0.000* 

Cr Source   0.049* 0.402 0.009* 0.009* 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 
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Table 4.16: Analysis of variance for antibody titres against NDV and IBDV  

 
 

Source df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

 

 

III Week 

NDV 

titer 

Between Treatments 7 5.63 14.52* 0.000 Between Cr Sources 1 3.44 4.18* 0.049 

Error  32 0.39 
  

Error 33 0.82   

Total 39 
   

Total 34    

IBDV 

titer 

Between Treatments 7 825694.57 63.81* 0.000 Between Cr Sources 1 84603.62 0.72 0.402 

Error  32 12939.26 
  

Error 33 117461.96   

Total 39 
   

Total 34    

VIII 

Week 

NDV 

titer 

Between Treatments 7 7.70 20.53* 0.000 Between Cr Sources 1 7.74 7.75* 0.009 

Error  32 0.38 
  

Error 33 1.00   

Total 39 
   

Total 34    

IBDV 

titer 

Between Treatments 7 1398045.93 82.22* 0.000 Between Cr Sources 1 1509720.86 7.69* 0.009 

Error  32 17004.30 
  

Error 33 196317.69   

Total 39 
   

Total 34    

*Significant (P≤0.05) 
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Fig. 4.3: Effect of supplementing chromium yeast and Nano chromium on antibody titers against NDV and IBDV (VIII week) 

in dual purpose chicken 
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4.5.2 Lymphoid organs weight  

The effects of Chromium yeast and Nano chromium supplementation on the 

lymphoid organs weight viz., spleen, bursa of Fabricius and thymus as percentage of 

body weight is presented in Table 4.17 and the mean sum of square from analysis of 

variance between treatments and between Cr sources is presented in Table 4.18. 

The weight of spleen was significantly higher (P≤0.05) in all Cr supplemented 

groups when compared to the control group (0.12 %). The highest spleen weight was 

recorded in T8 (Nano Cr, 400 ppb – 0.26 %), which was significantly higher than T2, T3 

and T5, while it was statistically similar between T4 (Cr yeast, 600 ppb – 0.25 %), T6 

(Nano Cr, 400 ppb – 0.24 %) and T7 (Nano Cr, 400 ppb – 0.24 %). Within each Cr 

source, for different levels of Cr, the response for increase in the weight of spleen was 

linear for both Cr yeast and Nano Cr. 

The weight of bursa of Fabricius was highest in T8 (Nano Cr, 400 ppb – 0.27 %), 

followed by T4 (Cr yeast, 600 ppb – 0.26 %) and significantly different from control and 

other Cr fed groups except in T4 (0.26 %). All the Cr fortified diets fed groups recorded 

significantly higher (P≤0.05) weight of bursa of Fabricius than the control group (0.04 

%). Among the Cr supplemented groups, the bursal weight was statistically similar 

between T2 and T5, between T3 and T6 and between T4, T7 and T8. The response for 

weight of bursa with different levels of Cr in each source was linear in nature. 

The weight of thymus was highest in T4 (Cr yeast, 600 ppb – 0.67 %), which was 

significantly higher than the control (0.25 %), T2 (0.34 %), T5 (0.31 %) and T6 (0.46 %) 

and comparable with T7 (Nano Cr, 200 ppb – 0.65 %) and T8 (Nano Cr, 400 ppb – 0.66). 
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Table 4.17: Effect of supplementing chromium yeast and Nano chromium on 

lymphoid organs weight (% of body weight) of dual purpose chicken  

Treatment 
Cr 

Source 

Cr Level 

(ppb) 
Spleen 

Bursa of 

Fabricius 
Thymus 

T1 Control 0 0.12 ± 0.01
e
 0.04 ± 0.01

f
 0.25 ± 0.02

c
 

T2 Cr yeast 200 0.19 ± 0.02
cd

 0.14 ± 0.01
e
 0.34 ± 0.02

c
 

T3 Cr yeast 400 0.21 ± 0.02
bc

 0.18 ± 0.01
d
 0.44 ± 0.03

b
 

T4 Cr yeast 600 0.25 ± 0.01
ab

 0.26 ± 0.01
ab

 0.67 ± 0.06
a
 

T5 Nano Cr 50 0.16 ± 0.01
d
 0.14 ± 0.01

e
 0.31 ± 0.02

c
 

T6 Nano Cr 100 0.24 ± 0.02
ab

 0.22 ± 0.01
cd

 0.46 ± 0.02
b
 

T7 Nano Cr 200 0.24 ± 0.01
ab

 0.23 ± 0.01
bc

 0.65 ± 0.03
a
 

T8 Nano Cr 400 0.26 ± 0.01
a
 0.27 ± 0.02

a
 0.66 ± 0.04

a
 

Probabilities 

Polynomial contrasts 

Cr yeast      

 Linear   0.000* 0.000* 0.000* 

 Quadratic  0.405 0.549 0.056 

Nano Cr      

 Linear   0.000* 0.000* 0.000* 

 Quadratic  0.226 0.286 0.000* 

Cr Source   0.549 0.348 0.537 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 
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Table 4.18: Analysis of variance for lymphoid organs weight  

  Source  df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Spleen 

Between Treatments 7 0.012 11.40* 0.000 Between Cr Sources 1 0.001 0.366 0.549 

Error  32 0.001 
  

Error 33 0.002   

Total 39 
   

Total 34    

Bursa 

Between Treatments 7 0.029 30.23* 0.000 Between Cr Sources 1 0.003 0.907 0.348 

Error  32 0.001 
  

Error 33 0.003   

Total 39 
   

Total 34    

Thymus 

Between Treatments 7 0.141 26.32* 0.000 Between Cr Sources 1 0.010 0.389 0.537 

Error  32 0.005 
  

Error 33 0.026   

Total 39 
   

Total 34    

*Significant (P≤0.05) 
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The source effect (Cr yeast v/s Nano Cr) was insignificant for the weights of spleen, 

bursa of Fabricius and thymus. 

4.6 Carcass characteristics 

4.6.1 Carcass yields and organ weights 

The influence of dietary supplementation of Cr yeast and Nano Cr on various 

carcass characteristics viz., percentage of defeathered weights, dressed weight, ready to 

cook yield, liver, heart and gizzard weights, breast meat yield, thigh meat yield and 

abdominal fat per cent is presented in Table 4.19. The mean sum of square from analysis 

of variance between treatments and between Cr sources for these parameters is presented 

in Table 4.20. 

Defeathered weight, dressed weight, ready to cook yield, liver, heart and gizzard 

weights as percentage of live weight remained non significant (P≤0.05) among different 

treatment groups.    

Defeathered weight among various groups ranged from 87.13 per cent in the 

control group to 89.3 per cent in 200 ppb Nano Cr supplemented group (T7). Dressed 

weight was least in T2 (Cr yeast, 200 ppb – 77.61 %) and was highest in T7 (Nano Cr, 200 

ppb – 79.51 %). Ready to cook yield ranged from 82.35 per cent (T2) to 84.4 per cent 

(T7). The weights of liver ranged from 1.92 per cent in the control group to 2.28 per cent 

in T7. The heart per cent ranged from 0.46 per cent in T3 and T6 to 0.56 per cent in T8. 

The weight of gizzard was lowest in the control (1.85 %) and was highest in T2 (2.1 %).  
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For defeathered weight, dressed weight, ready to cook yield, liver, heart and 

gizzard weights as percentage of live weight, the response for different levels within a Cr 

source was neither linear nor quadratic. Similarly, the effect of source (Cr yeast v/s Nano 

Cr) on these parameters remained insignificant.  

The percentage of breast meat, thigh meat and abdominal fat content were 

significantly different in different (P≤0.05) treatment groups and is graphically depicetd 

in Fig. 4.4. 

The breast meat (%) in various Cr supplemented groups increased significantly 

(P≤0.05) when compared to the control group. The highest breast meat yield was 

recorded in T8 (14.21 %), which was statistically comparable with T7 (13.79 %). The 

breast meat yield was lowest in T2 (9.58 %), which was statistically indifferent from 

T5 (9.89 %). Likewise, significant difference did not exist between T4 (13.23 %) and 

T6 (12.55 %). Within each Cr source, for different levels of Cr, the response for 

increase in breast meat yield was linear in both Cr yeast and Nano Cr. Significant 

difference was recorded between the two sources (source effects) for breast meat yield 

and Nano Cr was found to be significantly better than Cr yeast. 

Compared to the control group, thigh meat yield (%) increased significantly 

(P≤0.05) in all groups fed with Cr fortified diets. Similar to the breast meat yield, the 

thigh meat yield was highest in T8 (6.3 %) and was significantly different from other 

Cr supplemented groups. The thigh meat yields in T2 and T5, in T3 and T6 and in T4 

and T6 were statistically similar. The response for different levels of Cr within each Cr 

source was linear both in Cr yeast and Nano Cr. Also, the source effects (Cr yeast v/s
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Table 4.19: Effect of supplementing chromium yeast and Nano chromium on carcass characteristics of dual purpose chicken 

Treatment 
Cr 

Source 

Cr 

Level 

(ppb) 

Defeathered 

Weight  
 

(%) 

Dressed 

weight 

(%)  

Ready to 

cook yield 

(%) 

Giblets Breast meat 

yield 

(%) 

Thigh meat 

yield 

(%) 

Abdominal 

fat 

(%) 

Liver
 

(%) 

Gizzard
 

(%) 

Heart
 

(%) 

T1 Control 0 87.13 ± 0.73 78.69 ± 0.69 82.97 ±0.69 1.92 ± 0.06 1.85 ± 0.02 0.51 ± 0.01 7.69 ± 0.22
f
 3.48 ± 0.08

f
 3.04 ± 0.08

a
 

T2 Cr yeast 200 87.19 ± 0.62 77.61 ± 0.58 82.35 ± 0.51 2.15 ± 0.05 2.10 ± 0.16 0.49 ± 0.04 9.58 ± 0.11
e
 4.16 ± 0.08

e
 2.67 ± 0.06

b
 

T3 Cr yeast 400 87.51 ± 0.49 78.65 ± 0.69 82.96 ± 0.58 1.96 ± 0.10 1.89 ± 0.07 0.46 ± 0.02 11.39 ± 0.23
d
 5.10 ± 0.06

d
 1.56 ± 0.16

cd
 

T4 Cr yeast 600 88.19 ± 0.99 78.16 ± 1.11 82.82 ± 1.07 2.13 ± 0.17 2.06 ± 0.09 0.48 ± 0.02 13.23 ± 0.27
bc

 5.50 ± 0.07
c
 1.36 ± 0.07

de
 

T5 Nano Cr 50 87.19 ± 0.64 78.32 ± 0.43 82.75 ± 0.50 2.00 ±  0.11 1.95 ± 0.06 0.47 ± 0.03 9.89 ± 0.35
e
 4.44 ± 0.15

e
 2.70 ± 0.08

b
 

T6 Nano Cr 100 88.05 ± 0.80 78.76 ± 0.56 83.21 ± 0.66 1.94 ± 0.08 2.05 ± 0.12 0.46 ± 0.01 12.55 ± 0.36
c
 5.36 ± 0.23

cd
 1.69 ± 0.05

c
 

T7 Nano Cr 200 89.30 ± 0.52 79.51 ± 0.53 84.40 ± 0.54 2.28 ± 0.19 2.09 ± 0.06 0.52 ± 0.03 13.79 ± 0.28
ab

 5.93 ± 0.04
b
 1.31 ± 0.04

de
 

T8 Nano Cr 400 88.90 ± 0.88 79.34 ± 0.66 84.00 ± 0.75 2.19 ± 0.10 1.92 ± 0.09 0.56 ± 0.05 14.21 ± 0.30
a
 6.30 ± 0.11

a
 1.18 ± 0.06

e
 

Probabilities 

Polynomial contrasts 

Cr yeast            

 Linear   0.300 0.876 0.962 0.363 0.345 0.329 0.000* 0.000* 0.000* 

 Quadratic  0.681 0.719 0.749 0.808 0.667 0.552 0.927 0.089 0.440 

Nano Cr            

 Linear   0.040* 0.320 0.145 0.058 0.146 0.459 0.000* 0.000* 0.000* 

 Quadratic  0.339 0.312 0.291 0.355 0.250 0.051 0.012* 0.005* 0.000* 

Cr Source   0.203 0.105 0.098 0.789 0.852 0.330 0.051* 0.022* 0.509 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.20: Analysis of variance for carcass characteristics 

 
Source df 

Mean Sum 
of Square 

F Sig. Source df 
Mean Sum 
of Square 

F Sig. 

Defeathered 
Weight 

Between Treatments 7 3.44 1.30 0.282 Between Cr Sources 1 4.58 1.68 0.203 
Error  32 2.65 

  
Error 33 2.72   

Total 39 
   

Total 34    

Dressed 
weight 

Between Treatments 7 1.90 0.81 0.584 Between Cr Sources 1 6.09 2.78 0.105 
Error  32 2.33 

  
Error 33 2.19   

Total 39 
   

Total 34    

Ready to cook yield 
Between Treatments 7 2.34 0.99 0.456 Between Cr Sources 1 6.64 2.90 0.098 
Error  32 2.36 

  
Error 33 2.29   

Total 39 
   

Total 34    

Liver 
Between Treatments 7 0.09 1.34 0.263 Between Cr Sources 1 0.01 0.07 0.789 
Error  32 0.07 

  
Error 33 0.08   

Total 39 
   

Total 34    

Gizzard 

Between Treatments 7 0.05 1.10 0.384 Between Cr Sources 1 0.00 0.04 0.852 

Error  32 0.04 
  

Error 33 0.05   
Total 39 

   
Total 34    

Heart 
Between Treatments 7 0.01 1.12 0.377 Between Cr Sources 1 0.01 0.98 0.330 
Error  32 0.00 

  
Error 33 0.01   

Total 39 
   

Total 34    

Breast meat 
 

Between Treatments 7 26.75 70.75* 0.000 Between Cr Sources 1 12.55 4.09* 0.051 
Error  32 0.38 

  
Error 33 3.07   

Total 39 
   

Total 34    

Thigh meat 
 

Between Treatments 7 4.49 63.82* 0.000 Between Cr Sources 1 2.96 5.82* 0.022 
Error  32 0.07 

  
Error 33 0.51   

Total 39 
   

Total 34    

Abdominal fat 
Between Treatments 7 2.74 77.66* 0.000 Between Cr Sources 1 0.18 0.44 0.509 
Error  32 0.04 

  
Error 33 0.40   

Total 39       Total 34    

*Significant (P≤0.05) 
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Fig. 4.4: Effect of supplementing chromium yeast and Nano chromium on meat yield and abdominal fat content in dual 

purpose chicken 
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Nano Cr) was statistically significant (P≤0.05) and Nano Cr was found to be 

significantly better than Cr yeast. 

Abdominal fat (%) reduced significantly (P≤0.05) in all Cr supplemented groups 

when compared with the control group. Lowest abdominal fat content was recorded in 

T8 (1.18 %), which was statistically comparable with T7 (1.31 %) and T4 (1.36 %). 

The highest abdominal fat was recorded in the control group (3.04 %). Abdominal fat 

yield was statistically similar in T2 (2.67 %) and T5 (2.7 %) and also between T3 (1.56 %) 

and T6 (1.69 %) were statistically insignificant. Within each Cr source, for different 

levels of Cr, the response for reduction in abdominal fat yield was linear in both Cr 

yeast and Nano Cr groups. However, the source effects between Cr yeast and Nano Cr 

remained statistically insignificant (P≤0.05).  

4.6.2 Organoleptic / Sensory evaluation 

The data on sensory evaluation scores given by the judges for appearance, 

texture, aroma, tenderness, flavour and juiciness have been summarized in Table 

4.21. Statistical analysis of (Table.4.22) the relevant data showed nonsignificant 

(P≥0.05) influence of supplementation of Cr yeast and Nano Cr on appearance, 

texture, aroma, tenderness, flavour and juiciness.  

The score for appearance ranged from 6.5 in T5 to 7.13 in T4. The score for 

texture was minimum (6.75) in both T4 and T5 and was highest (7.5) in both T6 and T8. 

Aroma score was highest (7.13) in T8 and lowest (6.38) in T4 and T5. Tenderness 

among different treatment groups was scored lowest (6.63) in T4 and was highest (7.5) 

in T6 and T7. Meat flavour score was highest (7.38) both in T7 and T8 and was scored
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Table 4.21: Effect of supplementing chromium yeast and Nano chromium on sensory evaluation of dual purpose chicken meat 

Treatment Cr Source 
Cr Level 

(ppb) 
Appearance Texture Aroma Tenderness Flavour Juiciness 

T1 Control 0 6.88 ± 0.35 7.38 ± 0.38 6.63 ± 0.32 7.25 ± 0.53 7.00 ± 0.38 6.75 ± 0.49 

T2 Cr yeast 200 7.00 ± 0.27 7.25 ± 0.25 6.75 ± 0.37 7.38 ± 0.50 6.63 ± 0.60 7.13 ± 0.61 

T3 Cr yeast 400 6.75 ± 0.70 7.38 ± 0.56 6.88 ± 0.55 7.00 ± 0.60 7.00 ± 0.60 7.13 ± 0.61 

T4 Cr yeast 600 7.13 ± 0.64 6.75 ± 0.49 6.38 ± 0.50 6.63 ± 0.56 7.25 ± 0.56 6.75 ± 0.59 

T5 Nano Cr 50 6.50 ± 0.38 6.75 ± 0.45 6.38 ± 0.63 6.88 ± 0.48 7.25 ± 0.37 6.88 ± 0.48 

T6 Nano Cr 100 6.75 ± 0.31 7.50 ± 0.33 7.00 ± 0.27 7.50 ± 0.46 7.00 ± 0.42 7.63 ± 0.18 

T7 Nano Cr 200 6.63 ± 0.32 7.00 ± 0.38 6.75 ± 0.62 7.50 ± 0.27 7.38 ± 0.32 7.50 ± 0.42 

T8 Nano Cr 400 6.88 ± 0.40 7.50 ± 0.33 7.13 ± 0.44 7.38 ± 0.26 7.38 ± 0.38 7.63 ± 0.42 

Probabilities 

Polynomial contrasts 

Cr yeast         

 Linear   0.832 0.378 0.755 0.366 0.645 1.000 

 Quadratic  0.813 0.572 0.487 0.652 0.568 0.522 

Nano Cr         

 Linear   0.866 0.980 0.485 0.651 0.471 0.087 

 Quadratic  0.454 0.299 0.523 0.618 0.828 0.757 

Cr Source   0.424 0.841 0.693 0.371 0.409 0.273 
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Table 4.22: Analysis of variance for sensory evaluation 

 
Source df 

Mean Sum of 

Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Appearance 

Between Treatments 7 0.32 0.20 0.984 Between Cr Sources 1 1.01 0.65 0.424 

Error  56 1.60 
  

Error 54 1.55   

Total 63 
   

Total 55    

Texture 

Between Treatments 7 0.79 0.59 0.759 Between Cr Sources 1 0.05 0.04 0.841 

Error  56 1.33 
  

Error 54 1.32   

Total 63 
   

Total 55    

Aroma 

Between Treatments 7 0.59 0.32 0.941 Between Cr Sources 1 0.29 0.16 0.693 

Error  56 1.83 
  

Error 54 1.86   

Total 63 
   

Total 55    

Tenderness 

Between Treatments 7 0.82 0.46 0.859 Between Cr Sources 1 1.34 0.81 0.371 

Error  56 1.79 
  

Error 54 1.65   

Total 63 
   

Total 55    

Flavour 

Between Treatments 7 0.52 0.30 0.951 Between Cr Sources 1 1.17 0.69 0.409 

Error  56 1.73 
  

Error 54 1.68   

Total 63 
   

Total 55    

Juiciness 

Between Treatments 7 1.10 0.57 0.780 Between Cr Sources 1 2.26 1.23 0.273 

Error  56 1.95 
  

Error 54 1.85   

Total 63 
   

Total 55    
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least (6.63) in T2. Among the various dietary treatment groups, T1 and T4 were scored 

lowest (6.75) for juiciness and the highest scored (7.63) groups were T6 and T8. 

However, all the above parameters between various dietary treatment groups remained 

nonsignificant (P≥0.05) among themselves. 

The response with different levels of Cr supplementation within each Cr source 

remained neither linear nor quadratic for all the organoleptic parameters. Also, the source 

effect (Cr yeast v/s Nano Cr) for various sensory characteristics of meat remained 

insignificant.  

4.7 Meat quality 

The meat quality of dual purpose chicken as influenced by supplementation of 

Cr yeast and Nano Cr viz., Protein (%), Total fat (%) and cholesterol (%) in thigh meat 

and breast meat has been represented in Table. 4.23, graphically represented in Fig. 4.5 

and the mean sum of square from analysis of variance between treatments and between 

Cr sources for these parameters is presented in Table 4.24. The protein, fat and 

cholesterol content both in the thigh meat and breast meat significantly differed (P≤0.05) 

in various treatment groups. 

The protein content in thigh meat was significantly higher in all Cr supplemented 

groups than in the control group. Highest protein per cent was recorded in T8 (Nano Cr, 

400 ppb – 22.25 %), followed by T7 (Nano Cr, 200 ppb – 21.66 %) and was significantly 

higher than other Cr supplemented groups. The lowest protein content was noticed in the 

meat of the control group (18.10 %). Among the Cr supplemented groups, thigh meat 
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protein content was not statistically different between T2 (18.89 %) and T5 (19.1 %) and 

also between T3 (19.19 %) and T5. 

The breast meat protein content also increased significantly (P≤0.05) in all the 

groups that received Cr fortified diets when compared to the group fed diet devoid of Cr 

(T1). The highest breast meat protein content was found in T8 (25.74 %) which was 

significantly higher than other Cr supplemented groups. The breast meat per cent was 

least (23.07 %) in the control group. Among the Cr supplemented groups, breast meat 

yield was statistically similar between T3 (23.86 %) and T5 (23.8 %) and also between T4 

(25.12 %) and T6 (25.1 %).  

The response for increase in protein per cent with different levels of Cr within a 

source was linear in both Cr yeast and Nano Cr for both thigh meat and breast meat 

protein content. Similarly the source effect for protein content in both thigh meat and 

breast meat was statistically significant between the two sources. Nano Cr was 

significantly better than Cr yeast in increasing protein per cent in both breast meat and 

thigh meat. 

The fat content in thigh meat significantly reduced (P≤0.05) in all Cr 

supplemented groups when compared with the control. The thigh fat per cent was least 

in T8 (3.06 %) among all treatment groups and was significantly lower than other Cr 

supplemented groups. The thigh fat per cent was significantly highest in the control 

group (4.19 %). Among Cr supplemented groups, there was no significant difference in 

the thigh fat per cent between T3 (3.63 %) and T5 (3.60 %) and also between T4 (3.30 

%) and T7 (3.22 %).  
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Table 4.23: Effect of supplementing chromium yeast and Nano chromium on meat quality of dual purpose chicken  

Treatment Cr Source 
Cr Level 

(ppb) 

Protein (%) Fat (%) Cholesterol (mg/100g meat) 

Thigh Breast Thigh Breast Thigh Breast 

T1 Control 0 18.10 ± 0.027
g
 23.07 ± 0.046

f
 4.19 ± 0.049

a
 0.77 ± 0.004

a
 94.96 ± 0.536

a
 60.96 ± 0.412

a
 

T2 Cr yeast 200 18.89 ± 0.029
f
 23.63 ± 0.050

e
 3.85 ± 0.040

b
 0.73 ± 0.004

b
 87.78 ± 0.485

b
 59.34 ± 0.317

b
 

T3 Cr yeast 400 19.19 ± 0.035
e
 23.86 ± 0.022

d
 3.63 ± 0.015

c
 0.68 ± 0.004

d
 80.20 ± 0.503

e
 53.96 ± 0.201

c
 

T4 Cr yeast 600 20.58 ± 0.153
c
 25.12 ± 0.067

c
 3.30 ± 0.027

e
 0.63 ± 0.002

e
 75.54 ± 0.401

f
 47.54 ± 0.539

d
 

T5 Nano Cr 50 19.10 ± 0.066
ef

 23.80 ± 0.027
d
 3.60 ± 0.039

c
 0.70 ± 0.003

c
 85.58 ± 0.351

c
 58.48 ± 0.262

b
 

T6 Nano Cr 100 19.72 ± 0.063
d
 25.10 ± 0.069

c
 3.41 ± 0.024

d
 0.63 ± 0.002

e
 81.60 ± 0.601

d
 53.14 ± 0.863

c
 

T7 Nano Cr 200 21.66 ± 0.142
b
 25.53 ± 0.013

b
 3.22 ± 0.010

e
 0.62 ± 0.002

f
 75.54 ± 0.349

f
 48.30 ± 0.348

d
 

T8 Nano Cr 400 22.25 ± 0.024
a
 25.74 ± 0.037

a
 3.06 ± 0.016

f
 0.60 ± 0.003

g
 71.58 ± 0.240

g
 44.16 ± 0.460

e
 

Probabilities 

Polynomial contrasts 

Cr yeast         

 Linear   0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 

 Quadratic  0.867 0.587 0.002* 0.000* 0.019* 0.000* 

Nano Cr         

 Linear   0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 

 Quadratic  0.172 0.007 0.000* 0.000* 0.000* 0.000* 

Cr Source   0.001* 0.006* 0.007* 0.002* 0.174 0.167 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 



1
5
5

 

Table 4.24: Analysis of variance for meat quality  

    Source df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Protein  

Thigh 

Between Treatments 7 10.34 300.67* 0.000 Between Cr Sources 1 10.95 8.34* 0.007 

Error 32 0.03 
  

Error 33 1.31   

Total 39 
   

Total 34    

Breast 

Between Treatments 7 5.03 484.43* 0.000 Between Cr Sources 1 6.04 11.01* 0.002 

Error 32 0.01 
  

Error 33 0.55   

Total 39 
   

Total 34    

Fat  

Thigh 

Between Treatments 7 0.67 143.99* 0.000 Between Cr Sources 1 0.63 12.27* 0.001 

Error 32 0.00 
  

Error 33 0.05   

Total 39 
   

Total 34    

Breast 

Between Treatments 7 0.02 336.21* 0.000 Between Cr Sources 1 0.01 8.80* 0.006 

Error 32 0.00 
  

Error 33 0.00   

Total 39 
   

Total 34    

Cholesterol  

Thigh 

Between Treatments 7 291.66 291.66* 0.000 Between Cr Sources 1 57.87 1.93 0.174 

Error 32 1.00 
  

Error 33 29.99   

Total 39 
   

Total 34    

Breast 

Between Treatments 7 188.67 172.79* 0.000 Between Cr Sources 1 57.65 1.99 0.167 

Error 32 1.09 
  

Error 33 28.90   

Total 39 
   

Total 34    

*Significant (P≤0.05) 
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Fig. 4.5: Effect of supplementing chromium yeast and Nano chromium on meat 

quality of dual purpose chicken 
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Breast meat fat content was significantly lower (P≤0.05) in all groups fed with 

Cr fortified diets than that in the group fed with diet without Cr. The lowest fat content 

was recorded in the breast meat of T8 (0.60 %) which was significantly different from 

control (0.77 %) and other Cr treated groups. Among various Cr treated groups, breast 

meat fat per cent was significantly comparable between T4 and T6 (0.63 %).  

The response for reduction in fat content of both breast meat and thigh meat 

with different Cr levels within Cr source was linear in nature in both Cr yeast and 

Nano Cr supplemented groups. Further, the effect of source (Cr yeast and Nano Cr) on 

fat content in thigh meat and breast meat was statistically different and Nano Cr was 

found to be significantly better than Cr yeast in reducing fat content in meat. 

Cholesterol content in thigh meat reduced significantly (P≤0.05) in all Cr yeast 

and Nano Cr supplemented groups when compared to that in the control group.  

Lowest cholesterol content was found in the thigh meat of T8 (71.58 mg/100g) 

and the highest cholesterol content among Cr supplemented groups was observed in 

T2 (87.78 mg/100g), which was significantly lower than that in the control group 

(94.96 mg/100g). Cholesterol content in thigh meat recorded in T4 and T7 remained 

same (75.54 mg/100g). Other Cr supplemented groups and the control group were 

significantly different for thigh meat cholesterol content. 

Breast meat cholesterol content was significantly (P≤0.05) lower in all Cr 

supplemented groups than that in the control group. Lowest cholesterol content was 

recorded in T8 (44.16 mg/100g), which was significantly lower than other Cr 
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supplemented groups. The highest breast meat cholesterol content among Cr 

supplemented groups was recorded in T2 (59.34 mg/100g) which was statistically 

comparable with T5 (58.48 mg/100g). Similarly, the breast meat cholesterol content 

between T3 (53.96 mg/100g) and T6 (53.14 mg/100g) and also between T4 (47.54 

mg/100g) and T7 (48.3 mg/100g) was statistically indifferent. The response for 

reduction in cholesterol content with different Cr levels within Cr source was linear in 

nature in both Cr yeast and Nano Cr supplemented groups in both breast meat and 

thigh meat. However, the effect of Cr source on cholesterol content in breast meat and 

thigh meat remained insignificant. 

4.8 Chromium levels in tissues 

The effect of Cr yeast and Nano Cr supplementation on the Cr levels in 

tissues viz., thigh meat, breast meat and liver of dual purpose chicken is presented in 

Table 4.25 and the mean sum of square from analysis of variance between treatments and 

between Cr sources is presented in Table 4.26. Cr content in the meat and liver was 

significantly different in various dietary treatment groups and the data is graphically 

depicted in Fig. 4.6. The percentage of Cr enrichment in thigh meat, breast meat and liver 

calculated based on the Cr content in these tissues in different Cr supplemented groups 

(T2 to T8) in comparision with the control (T1) is graphically presented in Fig. 4.7. 

Supplementation of Cr in the form of Cr yeast and Nano Cr in dual purpose 

chicken significantly increased (P≤0.05) Cr content in thigh meat in relation to the 

control group (220 ppb). Cr concentration in thigh meat was highest in T8 (993 ppb) 

and was significantly higher than other Cr supplemented groups. Cr content in the thigh 
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meat of T3 (589.6 ppb), T4 (636.6 ppb) and T6 (670.2 ppb) was statistically similar. 

Similarly, T2 (404.2 ppb) and T5 (434.6 ppb) remained statistically similar for Cr content 

in thigh meat. Within each source, for different levels of Cr, the response for increasing 

Cr content in thigh meat was linear both in Cr yeast and Nano Cr supplemented groups. 

The source effects was statistically significant between Cr yeast and Nano Cr and among 

the two sources, Nano Cr produced significantly higher (P≤0.05) Cr content in thigh 

meat than Cr yeast. 

Cr content in breast meat increased significantly (P≤0.05) in all Cr 

supplemented groups as compared with the control (312.60 ppb) except in T5 (403.40 

ppb). The highest Cr concentration in breast meat was recorded in T4 (878 ppb) which 

was statistically similar to T3 (782.8 ppb), T7 (772.40 ppb) and T8 (805.8 ppb). Similarly, 

Cr content in breast meat of T2 (598.8 ppb) and T6 (667.4 ppb) remained non significant 

between themselves. The response for varying levels of Cr in each of the Cr sources was 

linear in nature for increasing Cr content in breast meat. But, the source effect (Cr yeast 

v/s Nano Cr) remained statistically non significant. 

Liver Cr content increased significantly (P≤0.05) in all the groups fed diets 

fortified with Cr when compared with the control group and ranged from 226.28 ppb in 

control to 818.86 ppb in T8. Cr concentrations of liver in T8 (818.86 ppb) and T4 (769.28 

ppb) and also between T3 (509.32 ppb), T5 (477.82 ppb) and T6 (515.6 ppb) were 

statistically similar.  The response for various levels of Cr within each Cr source was 

linear in nature in both Cr yeast and Nano Cr. The source effect for Cr content in liver 

was not statistically significant.   
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Table 4.25: Effect of supplementing chromium yeast and Nano chromium on 

chromium content in meat and liver of dual purpose chicken  

Treatment Cr Source 
Cr Level 

(ppb) 

Cr content (ppb) 

Thigh meat Breast meat Liver 

T1 Control 0 220.00 ± 10.85
e
 312.60 ± 9.33

c
 226.28 ± 10.69

e
 

T2 Cr yeast 200 404.20 ± 25.14
d
 598.80 ± 23.08

b
 459.42 ± 14.00

d
 

T3 Cr yeast 400 589.60 ± 22.37
c
 782.80 ± 33.24

a
 509.32 ± 17.17

cd
 

T4 Cr yeast 600 636.60 ± 38.55
c
 878.00 ± 10.59

a
 769.28 ± 25.50

ab
 

T5 Nano Cr 50 434.60 ± 29.46
d
 403.40 ± 22.06

c
 477.82 ± 15.93

cd
 

T6 Nano Cr 100 670.20 ± 20.53
c
 667.40 ± 20.46

b
 515.60 ± 19.25

c
 

T7 Nano Cr 200 871.00 ± 45.03
b
 772.40 ± 68.96

a
 746.12 ± 23.09

b
 

T8 Nano Cr 400 993.00 ± 42.18
a
 805.80 ± 55.52

a
 818.86 ± 10.35

a
 

Probabilities 

Polynomial contrasts 

Cr yeast      

 Linear   0.000* 0.000* 0.000* 

 Quadratic  0.018* 0.018* 0.460 

Nano Cr      

 Linear   0.000* 0.000* 0.000* 

 Quadratic  0.000* 0.013* 0.000* 

Cr Source   0.005* 0.118 0.250 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 
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Table 4.26: Analysis of variance for chromium content in meat and liver – between treatments 

 
 

Source df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Cr 

content 

Thigh meat 

Between Treatments 7 317367.49 64.83* 0.000 Between Cr Sources 1 338528.038 9.296* 0.005 

Error  32 4895.16 
  

Error 33 36416.271   

Total 39 
   

Total 34    

Breast meat 

Between Treatments 7 204566.84 30.94* 0.000 Between Cr Sources 1 70902.021 2.571 0.118 

Error  32 6612.35 
  

Error 33 27580.489   

Total 39 
   

Total 34    

 

 

Liver 

Between Treatments 7 198570.08 126.09* 0.000 Between Cr Sources 1 31125.151 1.369 0.250 

Error  32 1574.82 
  

Error 33 22729.121   

Total 39 
   

Total 34    

*Significant (P≤0.05) 
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Fig. 4.6: Effect of supplementing chromium yeast and Nano chromium on chromium content (ppb) in thigh meat, breast meat 

and liver of dual purpose chicken  
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Fig. 4.7: Effect of supplementing chromium yeast and Nano chromium on 

chromium enrichment* (%) in tissues of dual purpose chicken 

 

 

 

* The per cent enrichment of Cr was calculated based on the Cr content in different tissues 

in different treatment groups compared to the control group (T1) 
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4.9 Chromium retention (Bioavailability of chromium) 

The retention of Cr in dual purpose chicken fed with different levels of Cr yeast 

and Nano Cr is shown in Table 4.27, graphically represented in Fig. 4.8 and the mean 

sum of square from analysis of variance between treatments and between Cr sources is 

presented in Table 4.28. 

Retention of Cr (%) ranged from 8.87 per cent in control to 36.83 per cent in T8. 

Cr retention per cent significantly (P≤0.05) increased in different dietary treatment 

groups supplemented with Cr compared to the control, except T2 (17.08 %). Among 

different Cr supplemented groups, the highest Cr retention was recorded in T8 (36.83 %), 

which was significantly more than T2 (17.08 %), T3 (19.78 %) and T4 (21.27 %) and was 

statistically similar to T5, T6 and T7.  However, the response with different levels within 

each Cr source for Cr retention was linear. The effect of source (Cr yeast v/s Nano Cr) on 

Cr retention was significant and Nano Cr supplementation exhibited significantly higher 

(P≤0.05) retention per cent than Cr yeast supplementation.  

4.10 Survivability 

The influence of dietary supplementation of Cr yeast and Nano Cr on 

survivability is presented in Table 4.27. The mean sum of square from analysis of 

variance between treatments and between Cr sources for these parameters is presented in 

Table 4.28. Supplementation of Cr yeast or Nano Cr did not affect survivability of dual 

purpose chicken statistically (P≤0.05).   Survivability percentage ranged from 96 per cent 

in T2 and T3 to 98 per cent in T4, T5, T6, T7 and T8 and was 97 per cent in the control 

group. The response with different Cr levels in each of the Cr sources was neither linear 
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Table 4.27: Effect of supplementing chromium yeast and Nano chromium on 

chromium retention and survivability of dual purpose chicken  

Treatment Cr Source 
Cr Level 

(ppb) 

Cr retention  

(%) 
Survivability (%) 

T1 Control 0 8.87 ± 1.15
d
 97.0 ± 2.00 

T2 Cr yeast 200 17.08 ± 3.03
cd

 96.0 ± 1.00 

T3 Cr yeast 400 19.78 ± 1.14
bc

 96.0 ± 1.00 

T4 Cr yeast 600 21.27 ± 1.58
bc

 98.0 ± 2.00 

T5 Nano Cr 50 28.47 ± 1.62
ab

 98.0 ± 1.22 

T6 Nano Cr 100 35.58 ± 5.76
a
 98.0 ± 1.22 

T7 Nano Cr 200 36.07 ± 3.61
a
 98.0 ± 1.22 

T8 Nano Cr 400 36.83 ± 2.44
a
 98.0 ± 1.22 

Probabilities 

Polynomial contrasts 

Cr yeast     

 Linear   0.000* 0.677 

 Quadratic  0.094 0.357 

Nano Cr     

 Linear   0.000* 0.571 

 Quadratic  0.177 0.800 

Cr Source   0.000* 0.168 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 
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Table 4.28: Analysis of variance for chromium retention and survivability  

 
Source df 

Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Cr retention  

Between Treatments 7 534.75 12.39* 0.000 Between Cr Sources 1 1892.74 38.43* 0.000 

Error  32 43.15 
  

Error 33 49.26   

Total 39 
   

Total 34    

Survivability  

Between Treatments 7 4.19 0.42 0.883 Between Cr Sources 1 15.24 1.98 0.168 

Error  32 10.00 
  

Error 33 7.68   

Total 39 
   

Total 34    

*Significant (P≤0.05)
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Fig. 4.8: Effect of supplementing chromium yeast and Nano chromium on chromium retention (%) in dual purpose chicken 
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nor quadratic. Also, the source effect for survivability was not significant between Cr 

yeast and Nano Cr. 

4.11 Feed cost economics 

The results pertaining to the effect of Cr yeast and Nano Cr supplementation 

on the cost of feed per Kg body weight gain and also the cost of feed to deposit one ppb 

of Cr in the tissues (thigh meat, breast meat and liver) is presented in Table 4.29 and the 

mean sum of square from analysis of variance between treatments and between Cr 

sources is presented in Table 4.30. Statistical analysis of the data revealed that the feed 

cost (Rs/kg) per kg body weight gain remained same (P≥0.05) among different treatment 

groups. However, feed cost per unit (ppb) of Cr deposition in thigh meat,breast meat and 

liver differed significantly (P≤0.05) among the treatment groups. 

The feed cost per Kg BWG ranged from Rs. 53.74/Kg in T5 (Nano Cr, 50 ppb) to 

Rs. 56.79/Kg in T4 (Cr yeast, 600 ppb). However, there was no significant difference in 

feed cost per Kg BWG among different treatment groups. 

The feed cost per ppb of Cr deposition in thigh meat was significantly lower than 

the control group in all Cr treated groups and it ranged from Rs. 0.09 in T8 (Nano Cr, 400 

ppb) to Rs. 0.42 in control. The feed cost per ppb of Cr deposition in thigh meat reduced 

linearly with different Cr levels in the diet in both the Cr sources. The feed cost per unit 

of Cr in thigh meat was statistically similar between T2 (Rs. 0.23) and T5 (Rs. 0.21), 

between T3 (Rs. 0.16), T4 (Rs. 0.14) and T6 (Rs. 0.13) and also between T7 (Rs. 0.1) and 

T8 (Rs. 0.09). There was significant difference between the two sources and Nano Cr 

group had low feed cost per unit Cr deposition in thigh meat. 
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The cost of feed per ppb of Cr deposition in breast meat ranged from Rs. 0.10 in 

T4 to Rs.0.29 in the control group and it was statistically lower in all Cr treated groups 

than the control. Among the different Cr supplemented groups, the feed cost per unit of 

Cr in thigh meat was statistically similar between T2 (Rs.0.15) and T6 (Rs.0.13) and also 

between T3 (Rs.0.11), T4 (Rs.0.10), T7 (Rs.0.12) and T8 (Rs.0.11). The response with 

different Cr levels in both the Cr sources was linear for reducing the cost of feed per unit 

of Cr deposition in breast meat.  

 Similar to the thigh meat and the breast meat, the feed cost per ppm of Cr 

deposition in liver was significantly higher in the control group than all Cr 

supplemented groups and it ranged from Rs. 0.11 in T8 to Rs. 0.41 in control group. 

Among different Cr supplemented groups, there was no significant difference between 

T2 (Rs.0.20), T3 (Rs.0.18) and T5 (Rs.0.19) and also between T4 (Rs.0.12), T7 

(Rs.0.12) and T8 (Rs.0.12). In both the Cr sources the response was linear with 

different Cr levels. 
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Table 4.29: Effect of supplementing chromium yeast and Nano chromium on feed 

cost (Rs) per kg body weight and per ppb of chromium deposition in 

thigh meat, breast meat and liver in dual purpose chicken 

Treatment 
Cr 

Source 

Cr 

Level 

(ppb) 

Feed cost (Rs.) 

Per Kg body 

weight 

Per ppb Cr in 

thigh meat 

Per ppb Cr in 

breast meat 

Per ppb Cr 

in liver 

T1 Control 0 54.16 ± 1.036 0.42 ± 0.012
a
 0.29 ± 0.007

a
 0.41 ± 0.014

a
 

T2 Cr yeast 200 55.02 ± 0.491 0.23 ± 0.016
b
 0.15 ± 0.008

c
 0.20 ± 0.007

b
 

T3 Cr yeast 400 54.27 ± 0.797 0.16 ± 0.005
c
 0.11 ± 0.006

de
 0.18 ± 0.007

bc
 

T4 Cr yeast 600 56.79 ± 2.727 0.14 ± 0.011
c
 0.10 ± 0.005

e
 0.12 ± 0.006

d
 

T5 Nano Cr 50 53.74 ± 0.624 0.21 ± 0.019
b
 0.22 ± 0.014

b
 0.19 ± 0.007

bc
 

T6 Nano Cr 100 54.03 ± 0.795 0.13 ± 0.005
cd

 0.13 ± 0.004
cd

 0.17 ± 0.007
c
 

T7 Nano Cr 200 54.17 ± 0.511 0.10 ± 0.005
de

 0.12 ± 0.011
de

 0.12 ± 0.004
d
 

T8 Nano Cr 400 53.75 ± 0.531 0.09 ± 0.005
e
 0.11 ± 0.010

de
 0.11 ± 0.000

d
 

Probabilities 

Polynomial contrasts 

Cr yeast       

 Linear   0.314 0.000* 0.000* 0.000* 

 Quadratic  0.596 0.000* 0.000* 0.000* 

Nano Cr       

 Linear   0.810 0.000* 0.000* 0.000* 

 Quadratic  0.937 0.004* 0.499 0.000* 

Cr Source   0.109 0.015* 0.083 0.165 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 

 



 
1
7
1

 

Table 4.30: Analysis of variance for feed cost (Rs) per kg body weight and per ppb of chromium deposition in thigh meat, 

breast meat and liver 

 
Source df 

Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Feed cost per 

Kg body 

weight  

Between Treatments 7 5.10 0.75 0.636 Between Cr Sources 1 17.712 2.72 0.109 

Error  32 6.84     Error 33 6.513     

Total 39       Total 34       

Feed cost per 

ppb Cr in 

thigh meat 

Between Treatments 7 0.06 92.10* 0.000 Between Cr Sources 1 0.016 6.62* 0.015 

Error  32 0.00     Error 33 0.002     

Total 39       Total 34       

Feed cost per 

ppb Cr in 

breast meat 

Between Treatments 7 0.02 59.32* 0.000 Between Cr Sources 1 0.006 3.19 0.083 

Error  32 0.00     Error 33 0.002     

Total 39       Total 34       

Feed cost per 

ppb Cr in 

breast meat 

Between Treatments 7 0.05 165.91* 0.000 Between Cr Sources 1 0.003 2.02 0.165 

Error  32 0.00   
 

Error 33 0.001     

Total 39   

  
Total 34       

*Significant (P≤0.05)
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Experiment II: To study the effect of supplementation of Chromium yeast and 

Nano chromium on the egg production and egg quality in dual 

purpose birds during peak production. 

The results of the trial conducted to evaluate the effect of Chromium yeast and 

Nano chromium on egg production, feed efficiency, egg quality, serum biochemical 

parameters, chromium concentration in eggs and survivability in dual purpose birds 

during peak production are presented in this section under the following headings. 

4.12 Egg production 

The influence of supplementing Cr yeast and Nano Cr on hen housed egg 

production (HHEP %) and hen day egg production (HDEP %) during three phases of 

peak production viz., phase I (28 to 32 weeks), phase II (33 to 36 week) and phase III 

(37 to 40 weeks) is presented in Table 4.31, graphically depicetd in Fig. 4.9 and the 

mean sum of square from analysis of variance between treatments and between Cr 

sources is presented in Table 4.32. 

During phase I, the HHEP per cent and HDEP per cent significantly differed 

(P≤0.05) among different treatment groups. HHEP ranged from 36.86 per cent in 

control group to 53.89 per cent in T7 (Nano Cr, 200 ppb). HHEP was significantly more 

than the control group in T4 (Cr yeast, 600 ppb – 45.74 %), T5 (Nano Cr, 50 ppb – 46.62 

%), T6 (Nano Cr, 100 ppb – 51.87 %), T7 (Nano Cr, 200 ppb – 53.89 %) and T8 (Nano 

Cr, 400 ppb – 53.15 %). Among different levels of Nano Cr supplemented groups, there 

was no significant difference in HHEP. Similarly, between different levels of Cr yeast 

supplemented groups, no significant difference in HHEP was noticed.  



173 

1
7
3
 

The effect of different treatments on HDEP was similar to that in HHEP. The 

HDEP ranged from 37.22 per cent (control) to 53.97 per cent (T8). Compared to the 

control group, significantly higher HDEP was recorded in T4, T5, T6, T7 and T8. Among 

different levels of Cr yeast and Nano Cr, HDEP observed in T7 and T8 was significantly 

higher compared to Cr yeast fed groups (T2, T3 and T4). 

Within a Cr source, with different levels of Cr, the response for increase in both 

HHEP and HDEP was linear in both Cr yeast and Nano Cr groups. The source effect 

(Cr yeast v/s Nano Cr) was statistically significant for both HHEP and HDEP. Nano Cr 

was significantly better than Cr yeast in improving both HHEP and HDEP.  

During phase II, HHEP and HDEP were significantly different (P≤0.05) among 

the dietary treatment groups. The HHEP and HDEP ranged from 64.4 per cent (control) 

to 76.07 per cent (T7). Both HHEP and HDEP were significantly higher in all Cr 

supplemented groups than the control group. However, among different groups receiving 

Cr fortified diets, there was no significant difference in HHEP and HDEP. The response 

was linear with different Cr levels within a source for increase in both HHEP and HDEP. 

The source effects for HHEP were not significant, whereas the same for HDEP was 

statistically significant and Nano Cr was found to be better than Cr yeast in increasing 

HDEP.  

During phase III, HHEP and HDEP were significantly higher than the control 

group (61.48 %) in T4 (Cr yeast) and T5, T6, T7 and T8 (Nano Cr) groups. HHEP was 

lowest in control group (61.48 %) and highest in T4 (69.77 %). Among the Nano Cr 

supplemented groups, no significant difference in HHEP was recorded. HDEP ranged
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Table 4.31: Effect of supplementing chromium yeast and Nano chromium on egg production (%) of dual purpose birds  

Treatment 
Cr 

Source 

Cr Level 

(ppb) 

Phase I (28 to 32 weeks) Phase II (33 to 36 weeks) Phase III (37 to 40 weeks) 

HHEP (%) HDEP (%) HHEP (%) HDEP (%) HHEP (%) HDEP (%) 

T1 Control 0 36.86 ± 3.36
d
 37.22 ± 3.25

d
 64.40 ± 2.51

b
 64.40 ± 2.51

b
 61.48 ± 0.48

c
 61.48 ± 0.48

c
 

T2 Cr yeast 200 42.18 ± 2.72
cd

 42.18 ± 2.72
cd

 70.19 ± 2.05
a
 70.19 ± 2.05

a
 61.81 ± 1.74

c
 61.81 ± 1.74

c
 

T3 Cr yeast 400 43.38 ± 0.70
cd

 43.38 ± 0.70
cd

 71.90 ± 1.99
a
 71.90 ± 1.99

a
 64.03 ± 2.36

bc
 64.97 ± 2.52

bc
 

T4 Cr yeast 600 45.74 ± 2.40
bc

 45.74 ± 2.40
bc

 72.60 ± 2.16
a
 72.60 ± 2.16

a
 69.77 ± 1.20

a
 69.77 ± 1.20

ab
 

T5 Nano Cr  50 46.62 ± 3.79
abc

 46.62 ± 3.79
abc

 72.04 ± 1.09
a
 72.04 ± 1.09

a
 69.59 ± 1.24

a
 69.59 ± 1.24

ab
 

T6 Nano Cr  100 51.87 ± 1.31
ab

 52.92 ± 1.47
ab

 71.39 ± 1.93
a
 74.66 ± 2.77

a
 66.67 ± 1.93

ab
 69.80 ± 3.33

ab
 

T7 Nano Cr  200 53.89 ± 1.18
a
 53.89 ± 1.18

a
 76.07 ± 1.37

a
 76.07 ± 1.37

a
 68.26 ± 1.29

ab
 68.26 ± 1.29

ab
 

T8 Nano Cr  400 53.15 ± 1.84
a
 53.97 ± 1.79

a
 72.78 ± 1.61

a
 74.86 ± 1.08

a
 69.12 ± 0.85

a
 71.16 ± 1.63

a
 

Probabilities 

Polynomial contrasts 

Cr yeast         

 Linear   0.028* 0.031* 0.020* 0.020* 0.003* 0.003* 

 Quadratic  0.565 0.607 0.268 0.268 0.117 0.203 

Nano Cr         

 Linear   0.000* 0.000* 0.001* 0.000* 0.000* 0.002* 

 Quadratic  0.562 0.617 0.272 0.306 0.110 0.274 

Cr Source   0.000* 0.000* 0.278 0.051* 0.034* 0.01* 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.32: Analysis of variance for egg production  

   

Between treatments Between Cr sources 

Source df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Phase I 

HHEP 

Between Treatments 7 142.42 6.23* 0.000 Between Cr Sources 1 397.83 18.17* 0.000 

Error  24 22.88 
  

Error  26 21.89   

Total 31 
   

Total 27    

HDEP 

Between Treatments 7 151.42 6.69* 0.000 Between Cr Sources 1 448.30 19.70* 0.000 

Error  24 22.64 
  

Error  26 22.76   

Total 31 
   

Total 27    

Phase II 

HHEP 

Between Treatments 7 43.56 3.05* 0.019 Between Cr Sources 1 15.64 1.23 0.278 

Error  24 14.26 
  

Error  26 12.72   

Total 31 
   

Total 27    

HDEP 

Between Treatments 7 53.22 3.43* 0.011 Between Cr Sources 1 55.58 4.21* 0.051 

Error  24 15.52 
  

Error  26 13.22   

Total 31 
   

Total 27    

Phase III 

HHEP 

Between Treatments 7 47.59 5.32* 0.001 Between Cr Sources 1 70.60 5.01* 0.034 

Error  24 8.94 
  

Error  26 14.09   

Total 31 
   

Total 27    

HDEP 

Between Treatments 7 58.59 4.19* 0.004 Between Cr Sources 1 120.34 6.54* 0.017 

Error  24 13.99 
  

Error  26 18.39   

Total 31 
   

Total 27    

*Significant (P≤0.05) 
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Fig. 4.9: Effect of supplementing chromium yeast and Nano chromium on egg 

production (%) of dual purpose birds during Phase I, II and III. 
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from 61.48 per cent (control) to T8 (71.16 %). Similar to HHEP, among various levels of 

Nano Cr fed groups, significant difference in HDEP was not noticed. Both HHEP and 

HDEP were statistically similar between the control, T2 and T3 and also between T4 to T8. 

The response with different levels of Cr within a source was linear in nature for both 

HHEP and HDEP in both Cr sources. The source effect for HHEP and HDEP was 

significant between Cr yeast and Nano Cr. Nano Cr was significantly better than Cr yeast 

in improving both HHEP and HDEP. 

4.13 Feed efficiency 

The effect of Cr yeast and Nano Cr on feed efficiency (Kgs of feed consumed 

/dozen eggs produced) in dual purpose chicken during three phases of peak production 

viz., phase I (28 to 32 weeks), phase II (33 to 36 week) and phase III (37 to 40 weeks) is 

presented in Table 4.33 and the mean sum of square from analysis of variance between 

treatments and between Cr sources is presented in Table 4.34. Feed efficiency in all the 

three phases was significantly different (P≤0.05) among the treatment groups and is 

graphically represented in Fig. 4.10.  

During phase I, feed efficiency was significantly better (P≤0.05) than the control 

group in all Cr supplemented groups and ranged from 3.173 in T8 (Nano Cr, 400 ppb) to 

4.657 in control group. Among the Cr supplemented groups, there was no significant 

difference in feed efficiency between T4 (Cr yeast, 600 ppb – 3.705), T5 (Nano Cr, 50 

ppb – 3.683), T6 (Nano Cr, 100 ppb – 3.204), T7 (Nano Cr, 200 ppb – 3.122) and T8.  

Similarly, no significant difference existed between T3 (Cr yeast, 400 ppb – 3.876), T4, 

T5 and T6. However, significant difference in feed efficiency was observed between T2 
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Table 4.33: Effect of supplementing chromium yeast and Nano chromium on feed 

efficiency (Feed in Kgs/dozen eggs) of dual purpose birds 

Treatment 
Cr 

Source 

Cr Level 

(ppb) 

Phase I 

(28 to 32 

weeks) 

Phase II 

(33 to 36 

weeks) 

Phase III 

(37 to 40 

weeks) 

T1 Control 0 4.657 ± 0.36
a
 2.620 ± 0.10

a
 2.733 ± 0.02

a
 

T2 Cr yeast 200 4.029 ± 0.24
b
 2.400 ± 0.07

b
 2.724 ± 0.07

a
 

T3 Cr yeast 400 3.876 ± 0.06
bc

 2.342 ± 0.06
b
 2.635 ± 0.10

ab
 

T4 Cr yeast 600 3.705 ± 0.20
bcd

 2.320 ± 0.07
b
 2.410 ± 0.04

c
 

T5 Nano Cr 50 3.683 ± 0.33
bcd

 2.334 ± 0.03
b
 2.417 ± 0.04

c
 

T6 Nano Cr 100 3.204 ± 0.09
cd

 2.332 ± 0.07
b
 2.494 ± 0.08

bc
 

T7 Nano Cr 200 3.122 ± 0.07
d
 2.211 ± 0.04

b
 2.464 ± 0.05

bc
 

T8 Nano Cr 400 3.173 ± 0.12
d
 2.264 ± 0.02

b
 2.421 ± 0.04

c
 

Probabilities 

Polynomial contrasts 

Cr yeast      

 Linear   0.016* 0.015* 0.004* 

 Quadratic  0.363 0.215 0.133 

Nano Cr      

 Linear   0.000* 0.000* 0.000* 

 Quadratic  0.352 0.317 0.107 

Cr Source   0.001* 0.108 0.021* 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 
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Table 4.34: Analysis of variance for feed efficiency  

 
Source 

Between treatments Between Cr sources 

df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Phase I 

Between Treatments 7 1.09 5.95* 0.000 Between Cr Sources 1 2.26 15.30* 0.001 

Error  24 0.18     Error  26 0.15     

Total 31       Total 27       

Phase II 

Between Treatments 7 0.06 3.86* 0.006 Between Cr Sources 1 0.03 2.77 0.108 

Error  24 0.02     Error  26 0.01     

Total 31       Total 27       

Phase III 

Between Treatments 7 0.08 4.97* 0.001 Between Cr Sources 1 0.14 5.99* 0.021 

Error  24 0.02     Error  26 0.02     

Total 31       Total 27       

*Significant (P≤0.05) 
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Fig. 4.10: Effect of supplementing chromium yeast and Nano chromium on feed efficiency (Kgs/dozen eggs) of dual purpose 

birds 
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and T3 and also between T2, T3, T7 and T8. Within each Cr source with different levels, 

the response for feed efficiency was linear in both Cr yeast and Nano Cr. The source 

effects (Cr yeast v/s Nano Cr) was statistically significant and Nano Cr was better than 

Cr yeast in reducing feed consumption per dozen eggs production. 

In phase II, all the Cr supplemented groups showed significantly better (P≤0.05) 

feed efficiency than the control group. The feed efficiency was poorest in control group 

(2.620) and best in T7 (2.211).   However, no significant difference in feed efficiency was 

observed among different Cr treated groups. The response with various levels of Cr 

within a source was linear in both Cr yeast and Nano Cr. The source effect for feed 

efficiency remained insignificant.  

During phase III, significantly better feed efficiency was recorded in all Nano Cr 

fed and also Cr yeast 600 ppb (T4) fed groups than that of the control group. Feed 

efficiency ranged from 2.410 in T4 to 2.733 in control group. There was no difference in 

feed efficiency between the control, T2 (2.724) and T3 (2.635). Similarly, there was no 

significant difference in feed efficiency between T4, T5, T6, T7 and T8. Within each Cr 

source with different levels of Cr, the response for reducing feed efficiency was linear in 

both Cr yeast and Nano Cr. Also, the effect of source on feed efficiency was statistically 

significant between the two sources and Nano Cr was showed lower feed efficiency than 

Cr yeast. 
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4.14 Egg quality characteristics 

4.14.1 Egg metric parameters 

The influence of Cr yeast and Nano Cr on egg metric parameters viz., egg 

weight, shape index, albumen index, yolk index, Haugh unit, albumen per cent, yolk per 

cent, shell per cent and shell thickness of eggs collected during 32
nd

, 36
th

 and 40
th

 
 

week age in dual purpose chicken are presented in the following sections. 

4.14.1.1 Egg weight 

The effect of Cr yeast and Nano Cr on egg weight during 32
nd

, 36
th

 and 40
th

 

week of age is presented in Table 4.35, graphically depicted in Fig. 4.11 and the mean 

sum of square from analysis of variance between treatments and between Cr sources is 

presented in Table 4.36. Egg weight significantly varied among different treatment 

groups during all the three ages. 

In the eggs collected on 32
nd

 week, egg weight ranged from 54.56 g in control to 

62.14 g in T8 (Nano Cr, 400 ppb). The lowest egg weight recorded in the control group 

was significantly comparable with T2 (Cr yeast, 200 ppb –55.59 g), T3 (Cr yeast, 400 

ppb – 57.4 g) and T5 (Nano Cr, 50 ppb – 56.51 g). The highest egg weight recorded in 

T8 was significantly higher than the control and other Cr supplemented groups. Egg 

weight was significantly higher (P≤0.05) than the control in T4 (Cr yeast, 600 ppb – 

59.05 g), T6 (Nano Cr, 100 ppb – 57.58 g), T7 (Nano Cr, 200 ppb – 57.5 g) and T8. The 

response for egg weight within each Cr source for different levels was linear in both Cr 

yeast and Nano Cr supplemented groups. The effect of source for egg weight remained 

insignificant.  
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Table 4.35: Effect of supplementing chromium yeast and Nano chromium on egg weight (g) and shape Index of dual purpose 

birds 

Treatment Cr Source 
Cr Level 

(ppb) 

Egg weight (g) Shape Index 

32
nd

 week 36
th

 week 40
th

 week 32
nd

 week 36
th

 week 40
th

 week 

T1 Control 0 54.56 ± 0.59
d
 53.85 ± 0.75

e
 55.56 ± 0.43

d
 76.90 ± 1.07

ab
 77.27 ± 0.95 76.39 ± 0.47 

T2 Cr yeast 200 55.59 ± 0.70
cd

 55.59 ± 0.52
de

 57.61 ± 0.52
cd

 76.12 ± 0.80
ab

 77.67 ± 1.14 67.03 ± 8.48 

T3 Cr yeast 400 57.40 ± 0.78
bcd

 58.58 ± 0.95
abc

 59.67 ± 0.83
abc

 76.55 ± 0.60
ab

 77.98 ± 0.79 77.06 ± 1.01 

T4 Cr yeast 600 59.05 ± 0.40
b
 59.76 ± 0.18

ab
 61.18 ± 1.09

ab
 77.47 ± 1.01

ab
 77.38 ± 0.79 75.85 ± 0.97 

T5 Nano Cr 50 56.51 ± 0.76
bcd

 55.28 ± 0.83
e
 56.52 ± 0.37

d
 75.41 ± 0.94

b
 76.95 ± 1.62 75.49 ± 1.08 

T6 Nano Cr 100 57.58 ± 1.74
bc

 57.24 ± 0.60
cd

 59.04 ± 0.73
bc

 75.99 ± 0.99
ab

 76.44 ± 0.88 75.22 ± 1.11 

T7 Nano Cr 200 57.50 ± 0.44
bc

 58.00 ± 0.64
bc

 59.67 ± 0.83
abc

 75.14 ± 1.60
b
 77.38 ± 0.58 75.25 ± 1.20 

T8 Nano Cr 400 62.14 ± 1.25
a
 60.49 ± 0.45

a
 61.42 ± 0.49

a
 79.12 ± 1.14

a
 75.59 ± 1.65 75.97 ± 0.97 

Probabilities 

Polynomial contrasts 

Cr yeast         

 Linear   0.000* 0.000* 0.000* 0.591 0.879 0.665 

 Quadratic  0.632 0.676 0.724 0.347 0.595 0.351 

Nano Cr         

 Linear   0.000* 0.000* 0.000* 0.636 0.491 0.551 

 Quadratic  0.040* 0.007* 0.008* 0.037* 0.683 0.480 

Cr Source   0.222 0.745 0.643 0.725 0.201 0.402 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.36: Analysis of variance for egg weight and shape Index  

 
 

Between treatments Between Cr sources 

Sources df 
Mean Sum 

of Square 
F Sig. Sources df 

Mean Sum 

of Square 
F Sig. 

Egg 

weight 

32
nd

 wk 

Between Treatments 7 42.51 6.10* 0.000 Between Cr Sources 1 16.16 1.53 0.222 

Error  56 6.97 
  

Error  54 10.58   

Total 63 
   

Total 55    

36
th

 wk 

Between Treatments 7 42.60 12.35* 0.000 Between Cr Sources 1 0.69 0.11 0.745 

Error  56 3.45 
  

Error  54 6.42   

Total 63 
   

Total 55    

40
th

 wk 

Between Treatments 7 35.63 9.06* 0.000 Between Cr Sources 1 1.45 0.22 0.643 

Error  56 3.93 
  

Error  54 6.67   

Total 63 
   

Total 55    

Shape 

Index 

32
nd

 wk 

Between Treatments 7 12.93 1.45 0.203 Between Cr Sources 1 1.21 0.12 0.725 

Error  56 8.90 
  

Error  54 9.68   

Total 63 
   

Total 55    

36
th

 wk 

Between Treatments 7 4.59 0.46 0.858 Between Cr Sources 1 16.15 1.67 0.201 

Error  56 9.92 
  

Error  54 9.65   

Total 63 
   

Total 55    

40
th

 wk 

Between Treatments 7 81.52 1.03 0.418 Between Cr Sources 1 64.52 0.71 0.402 

Error  56 78.82 
  

Error  54 90.44   

Total 63 
   

Total 55    

*Significant (P≤0.05) 
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Fig. 4.11: Effect of supplementing chromium yeast and Nano chromium on egg weight (g) of dual purpose birds 
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The weight of eggs collected during 36
th

 week was significantly different among 

different treatment groups and ranged from 53.85 g in control to 60.49 g in T8. Egg 

weight was significantly higher than control in T3 (58.58 g), T4 (59.76 g), T6 (57.24 g), 

T7 (58 g) and T8 (60.49 g). Among the Cr supplemented groups, egg weight was 

statistically similar between T3, T4 and T7, between T2 and T5 and also between T3, T6 

and T7. The increase in the weight of eggs with different levels of Cr within each source 

was linear in both Cr yeast and Nano Cr. However, the source effects (Cr yeast v/s 

Nano Cr) for egg weight was statistically insignificant. 

During 40
th

 week, the eggs collected had egg weights which were significantly 

different among the various groups. The lowest egg weight was recorded in control 

(55.56 g) and the highest was observed in T8 (61.42 g). Egg weight was significantly 

higher in T3 (59.67 g), T4 (61.18 g), T6 (59.04 g), T7 (59.67 g) and T8 (61.42 g) when 

compared to the control. Among the Cr supplemented groups, egg weight was 

statistically comparable between T2, T3, T6 and T7 and also between T3, T4, T7 and T8. 

Among different levels of Cr in both Cr yeast and Nano Cr, the response for increase in 

egg weight was linear in nature. Between the two sources, Cr yeast and Nano Cr, there 

was no significant difference.  

4.14.1.2 Shape Index 

The shape index of eggs collected on 32
nd

, 36
th

 and 40
th

 
 

week age of dual 

purpose chicen as influenced by the supplementation of Cr yeast and Nano Cr is shown 

in Table 4.35 and the mean sum of square from analysis of variance between treatments 

and between Cr sources is presented in Table 4.36. Shape index among different 
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treatments was statistically significant (P≤0.05)  in the eggs collected during 32
nd

 week, 

while in the eggs collected in 36
th

 and 40
th

 weeks, there was no significant difference. 

In 32
nd

 week, the eggs shape index in all Cr supplemented groups was not 

significantly different from that of the control group. Shape index ranged from 75.14 (T7) 

to 79.12 (T8). Shape index recorded in T5 and T7 was significantly lower than in T8. The 

highest shape index recorded in T8 was statistically different from T5 and T7. Within each 

Cr source with different Cr levels, the response was neither linear nor quadratic in Cr 

yeast, but was quadratic in nature in Nano Cr group. Further, the source effect was 

statistically not significant. 

Shape index during 36
th

 and 40
th

 week was statistically insignificant among 

different treatment groups. In 36
th

 week, the shape index ranged from 75.59 (T8) to 77.98 

(T3) and during 40th week, the highest shape index was recorded in T3 (77.06) and lowest 

in 67.03 (T2). In both 36
th

 and 40
th

 week, different levels of Cr in both Cr yeast and Nano 

Cr supplemented groups showed neither linear nor quadratic response for shape index 

and also, there was no significant difference between the two Cr sources. 

4.14.1.3 Albumen Index 

The influence of Cr yeast and Nano Cr on albumen index of eggs collected on 

32
nd

, 36
th

 and 40
th

 week age in dual purpose chicken is presented in Table 4.37 and the 

mean sum of square from analysis of variance between treatments and between Cr 

sources is presented in Table 4.38. The albumen index at all the three ages differed 

significantly (P≤0.05)   among different treatment groups.  
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During 32
nd

 week age, the albumen index was statistically indifferent in control 

and all Cr supplemented groups except T6 which had albumen index significantly lower 

than the control group and T2. The albumen index values ranged from 0.065 (T6) to 0.076 

(T1 and T2). The albumen index in all Cr supplemented groups except T6 was statistically 

similar. The response with different Cr levels within Cr yeast supplemented groups was 

neither linear nor quadratic, while in Nano Cr supplemented groups, the response was 

linear in nature. Also, there existed significant difference between the two Cr sources for 

albumen index and Cr yeast was found to be better than Nano cr. 

During 36
th

 week, albumen index ranged from 0.053 in control to 0.07 in T8. 

Albumen index was significantly different from the control group in T4 (0.068), T7 

(0.068) and T8 (0.07). Among the different Cr supplemented groups, albumen index was 

statistically similar between T2, T5 and T6 and also between T3, T4, T7 and T8. The 

response with different Cr levels within each Cr source was linear in both Cr yeast and 

Nano Cr for increase in albumen index. However, the source effects were statistically not 

significant between Cr yeast and Nano Cr. 

Eggs collected on 40
th

 week had albumen index ranging from 0.054 in control to 

0.073 in T4. Compared to the control group, albumen index significantly increased in T4 

(0.073), T7 and T8 (0.07). Among the Cr supplemented groups, albumen index was 

significantly indifferent between T2, T3, T4, T6, T7 and T8. The response with different Cr 

levels within each source i.e., Cr yeast and Nano Cr supplemented groups was linear in 

both the sources. There was no significant difference in source effects for albumen index.  
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Table 4.37: Effect of supplementing chromium yeast and Nano chromium on Albumen Index and Yolk Index of dual purpose 

birds 

Treatment 
Cr 

Source 

Cr Level 

(ppb) 

Albumen Index Yolk Index 

32
nd

 week 36
th

 week 40
th

 week 32
nd

 week 36
th

 week 40
th

 week 

T1 Control 0 0.076 ± 0.002
a
 0.053 ± 0.004

c
 0.054 ± 0.003

b
 0.415 ± 0.003

ab
 0.393 ± 0.007 0.346 ± 0.006 

T2 Cr yeast 200 0.076 ± 0.003
a
 0.058 ± 0.004

bc
 0.064 ± 0.003

ab
 0.419 ± 0.009

a
 0.400 ± 0.005 0.361 ± 0.010 

T3 Cr yeast 400 0.071 ± 0.004
ab

 0.060 ± 0.003
abc

 0.066 ± 0.004
ab

 0.409 ± 0.009
abc

 0.388 ± 0.004 0.363 ± 0.009 

T4 Cr yeast 600 0.074 ± 0.003
ab

 0.068 ± 0.004
ab

 0.073 ± 0.004
a
 0.391 ± 0.008

bcd
 0.389 ± 0.010 0.349 ± 0.008 

T5 Nano Cr 50 0.073 ± 0.003
ab

 0.058 ± 0.003
bc

 0.056 ± 0.004
b
 0.399 ± 0.008

abcd
 0.384 ± 0.003 0.366 ± 0.013 

T6 Nano Cr 100 0.065 ± 0.003
b
 0.059 ± 0.004

bc
 0.066 ± 0.006

ab
 0.383 ± 0.006

d
 0.380 ± 0.009 0.365 ± 0.008 

T7 Nano Cr 200 0.071 ± 0.004
ab

 0.068 ± 0.004
ab

 0.070 ± 0.005
a
 0.381 ± 0.011

d
 0.380 ± 0.011 0.335 ± 0.007 

T8 Nano Cr 400 0.069 ± 0.001
ab

 0.070 ± 0.003
a
 0.070 ± 0.004

a
 0.385 ± 0.008

cd
 0.383 ± 0.009 0.373 ± 0.008 

Probabilities 

Polynomial contrasts 

Cr yeast         

 Linear   0.312 0.006* 0.001* 0.025* 0.459 0.181 

 Quadratic  0.649 0.729 0.580 0.178 0.662 0.359 

Nano Cr         

 Linear   0.026* 0.001* 0.003* 0.002* 0.282 0.269 

 Quadratic  0.459 0.127 0.423 0.657 0.656 0.686 

Cr Source   0.051* 0.538 0.581 0.006* 0.080 0.254 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.38: Analysis of variance for Albumen Index and Yolk Index  

   

Between treatments Between Cr sources 

Source  df 
Mean Sum 

of Square 
F Sig.  Source  df 

Mean Sum 

of Square 
F Sig. 

Albumen 

Index 

32
nd

 week 

Between Treatments 7 0.000 1.90 0.087 Between Cr  Sources 1 0.000 3.99* 0.051 

Error  56 0.000 
  

Error  54 0.000   

Total 63 
   

Total 55    

36
th

 week 

Between Treatments 7 0.000 3.14* 0.007 Between Cr  Sources 1 0.000 0.38 0.538 

Error  56 0.000 
  

Error  54 0.000   

Total 63 
   

Total 55    

40
th

 week 

Between Treatments 7 0.000 2.68* 0.018 Between Cr  Sources 1 0.000 0.31 0.581 

Error  56 0.000 
  

Error  54 0.000   

Total 63 
   

Total 55    

Yolk 

Index 

32
nd

 week 

Between Treatments 7 0.002 3.31* 0.005 Between Cr  Sources 1 0.005 8.07* 0.006 

Error  56 0.001 
  

Error  54 0.001   

Total 63 
   

Total 55    

36
th

 week 

Between Treatments 7 0.000 0.75 0.628 Between Cr  Sources 1 0.002 3.18 0.080 

Error  56 0.001 
  

Error  54 0.000   

Total 63 
   

Total 55    

40
th

 week 

Between Treatments 7 0.120 0.98 0.454 Between Cr  Sources 1 0.184 1.33 0.254 

Error  56 0.122 
  

Error  54 0.138   

Total 63 
   

Total 55       

*Significant (P≤0.05)



191 

1
9
1
 

4.14.1.4 Yolk Index 

The yolk index of eggs collected on 32
nd

, 36
th

 and 40
th

 week age in dual purpose 

chicken as affected by supplementation of Cr yeast and Nano Cr is presented in Table 

4.37 and the mean sum of square from analysis of variance between treatments and 

between Cr sources is presented in Table 4.38. The yolk index in 32
nd

 week was 

significantly (P≤0.05)   different among treatment groups, while the same at 36
th

 and 

40
th

 week was not significantly different. 

During 32
nd

 week, yolk index ranged from 0.381 in T7 to 0.419 in T2. Yolk index 

in T6 (0.383), T7 (0.381) and T8 (0.385) was significantly lower than that in the control 

group. Whereas, yolk index in other Cr supplemented groups remained significantly 

indifferent from the control group. Among the different Cr supplemented groups, yolk 

index was statistically similar between T2, T3 and T5 and also between T4, T5, T6, T7 and 

T8. The response within each Cr source with different Cr levels was linear in both Cr 

yeast and Nano Cr. The effect of source for yolk index was statistically significant and Cr 

yeast supplemented group had significantly higher yolk index than Nano Cr. 

The yolk index in eggs collected on 36
th

 and 40
th

 week was statistically non 

significant among different treatment groups. During 36
th

 week, yolk index ranged from 

0.380 in T6 and T7 to 0.400 in T2. During 40
th

 week, yolk index was least in T7 (0.335) 

and was highest in T8 (0.373). The response within each Cr source with different Cr 

levels was neither linear nor quadratic in both the sources during 36
th

 and 40
th

 week. 

Further, the source effects remained insignificant during both the ages. 
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4.14.1.5 Haugh unit 

The effect of Cr yeast and Nano Cr on Haugh unit (HU) of eggs collected on 32
nd

, 

36
th

 and 40
th

 week age in dual purpose chicken is presented in Table 4.39 and the mean 

sum of square from analysis of variance between treatments and between Cr sources is 

presented in Table 4.40. The HU at all the three ages differed significantly (P≤0.05)   

among different treatment groups. 

During 32
nd

 week, the HU ranged from 73.78 in T8 to 78.01 in control group. 

Compared to the control group, the HU score was significantly lower (P≤0.05) in T8 and 

statistically similar to other Cr supplemented groups except in T2 (77.71) and T3 (77.22). 

With increasing levels of Cr in either source, HU was found to be reducing. Hence, a 

linear response was noticed with different levels of Cr within each source in both Cr 

yeast and Nano Cr. There existed no significant difference in HU between the two 

sources. 

Eggs collected on 36
th

 week showed significant increase (P≤0.05) in HU in all Cr 

supplemented groups than the control except in T5, which was comparable with the 

control. The highest HU was recorded in T8 (78.72) and the lowest was recorded in the 

control (74.39). Among various levels of Cr yeast, there was no significant difference in 

HU score except in T5. The response for HU score with difference levels within Cr yeast 

and Nano Cr was linear in nature. However, the source effects (Cr yeast v/s Nano cr) 

remained statistically insignificant. 

During 40
th

 week, the HU score ranged from 72.91 in T5 to 78.73 in T8. HU was 

significantly higher in T8 (78.73), T4 (78.59) and T7 (78.04) than the control group 
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Table 4.39: Effect of supplementing chromium yeast and Nano chromium on 

Haugh unit of dual purpose birds 

Treatment Cr Source 
Cr Level 

(ppb) 

Haugh unit 

32
nd

 week 36
th

 week 40
th

 week 

T1 Control 0 78.01 ± 0.51
a
 74.39 ± 0.84

c
 74.05 ± 0.67

bc
 

T2 Cr yeast 200 77.71 ± 0.66
a
 77.04 ± 0.34

ab
 74.36 ± 0.74

bc
 

T3 Cr yeast 400 77.22 ± 0.56
a
 77.25 ± 0.70

ab
 76.49 ± 0.62

ab
 

T4 Cr yeast 600 76.02 ± 0.88
ab

 78.04 ± 0.36
ab

 78.59 ± 0.44
a
 

T5 Nano Cr 50 76.98 ± 0.96
ab

 74.54 ± 0.74
c
 72.91 ± 1.99

c
 

T6 Nano Cr 100 76.10 ± 0.66
ab

 76.42 ± 0.52
b
 75.91 ± 1.35

abc
 

T7 Nano Cr 200 75.38 ± 2.20
ab

 77.37 ± 0.34
ab

 78.04 ± 0.55
a
 

T8 Nano Cr 400 73.78 ± 0.61
b
 78.72 ± 0.38

a
 78.73 ± 0.43

a
 

Probabilities 

Polynomial contrasts 

Cr yeast      

 Linear   0.040* 0.000* 0.000* 

 Quadratic  0.509 0.133 0.165 

Nano Cr      

 Linear   0.016* 0.000* 0.003* 

 Quadratic  0.298 0.005* 0.019* 

Cr Source   0.091 0.173 0.928 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 
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Table 4.40: Analysis of variance for Haugh unit   

   

Between treatments Between Cr sources 

Source  df 
Mean Sum 

of Square 
F Sig. Source  df 

Mean Sum 

of Square 
F Sig. 

Haugh 

unit 

32
nd

 week 

Between Treatments 7 15.382 1.84 0.098 Between Cr  Sources 1 27.922 2.96 0.091 

Error  56 8.362 
  

Error  54 9.437   

Total 63 
   

Total 55    

36
th

 week 

Between Treatments 7 19.247 7.65* 0.000 Between Cr  Sources 1 6.365 1.91 0.173 

Error  56 2.516 
  

Error  54 3.336   

Total 63 
   

Total 55    

40
th

 week 

Between Treatments 7 39.360 5.01* 0.000 Between Cr  Sources 1 0.098 0.01 0.928 

Error  56 7.854 
  

Error  54 12.053   

Total 63 
   

Total 55    

*Significant (P≤0.05)
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(74.05). Among the Cr supplemented groups, HU was significantly comparable between 

T2, T3 and T6, between T2, T5 and T6 and also between T3, T4, T6, T7 and T8. With 

increasing levels of Cr in both Cr yeast and Nano Cr, the HU score increased and the 

response was linear. But, there existed no significant difference for HU score between the 

two sources. 

4.14.1.6 Albumen per cent 

The influence of Cr yeast and Nano Cr on albumen per cent in eggs collected on 

32
nd

, 36
th

 and 40
th

 week age in dual purpose chicken is presented in Table 4.41 and the 

mean sum of square from analysis of variance between treatments and between Cr 

sources is presented in Table 4.42. Albumen per cent was significantly indifferent 

among the dietary treatment groups during 32
nd

 week, while it was statistically 

significant (P≤0.05) in eggs collected on 36
th

 and 40
th

 weeks age. 

During 32
nd

 week, albumen per cent ranged from 58.13 in T6 to 60.78 in T4. 

There was no significant difference among various treatments for albumen per cent. The 

response was neither linear nor quadratic with different Cr levels in Cr yeast, while in 

Nano Cr supplemented groups, the response was quadratic in nature. Also, there did not 

exist significant difference between the two Cr sources for albumen per cent. 

Eggs collected on 36
th

 week showed significantly higher (P≤0.05) albumen per 

cent in all Cr supplemented groups when compared to the control group, except in T5 

(55.17). Albumen per cent was least in control group (53.31) and was highest in T4 

(60.17), which was significantly higher in all other Cr supplemented groups except in T3, 

T7 and T8. The albumen per cent was statistically similar between T2, T3 and T6, between 
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T2, T5 and T6 and also between T3, T4, T7 and T8. With increasing levels of Cr in both Cr 

yeast and Nano Cr, the albumen per cent also increased. Hence, the response with 

different levels of Cr in both the sources was linear. Between the two sources the 

albumen per cent remained insignificant. 

During 40
th

 week, albumen per cent was significantly different (P≤0.05) among 

various dietary treatment groups. Albumen per cent was highest in T4 (60.86) which was 

comparable with T6 (58.95), T7 (58.89) and T8 (59.80).  Compared to the control group 

(55.32), albumen per cent significantly increased in T4, T6, T7 and T8. While other Cr 

supplemented groups (T2, T3 and T5) were comparable with the control group. The 

response with different Cr levels in both Cr yeast and Nano Cr for increase in albumen 

per cent was linear. The source effects between Cr yeast and Nano Cr for albumen per 

cent remained non significant. 

4.14.1.7 Yolk per cent 

The yolk per cent in eggs collected on 32
nd

, 36
th

 and 40
th

 week age in dual 

purpose chicken as influenced by Cr yeast and Nano Cr is presented in Table 4.41 and 

the mean sum of square from analysis of variance between treatments and between Cr 

sources is presented in Table 4.42. Yolk per cent was not significantly different among 

the dietary treatment groups during 32
nd

 week, while it was statistically significant 

(P≤0.05) in eggs collected on 36
th

 and 40
th

 weeks age. 

Yolk per cent in eggs collected on 32
nd

 week was comparable among different 

treatment groups and ranged from 29.17 in T4 to 31.64 in T6. Within each Cr source, the 

response for yolk per cent with different Cr levels was neither linear nor quadratic in Cr



 
1
9
7

 

Table 4.41: Effect of supplementing chromium yeast and Nano chromium on albumen per cent and yolk per cent of dual 

purpose birds 

Treatment Cr Source 
Cr Level  

(ppb) 

Albumen % Yolk % 

32
nd

 week 36
th

 week 40
th

 week 32
nd

 week 36
th

 week 40
th

 week 

T1 Control 0 60.44 ± 0.58 53.31 ± 0.75
e
 55.32 ± 1.08

c
 29.39 ± 0.53 35.50 ± 0.77

a
 33.44 ± 0.78

a
 

T2 Cr yeast 200 59.09 ± 1.13 56.38 ± 0.85
cd

 56.55 ± 1.24
bc

 30.51 ± 1.02 32.92 ± 0.85
bcd

 33.21 ± 1.12
a
 

T3 Cr yeast 400 60.63 ± 1.09 58.34 ± 0.61
abc

 56.68 ± 0.82
bc

 29.66 ± 0.96 31.71 ± 0.65
cd

 32.98 ± 0.70
a
 

T4 Cr yeast 600 60.78 ± 0.97 60.17 ± 1.05
a
 60.86 ± 1.27

a
 29.17 ± 0.69 30.36 ± 0.99

d
 30.05 ± 1.08

b
 

T5 Nano Cr 50 58.58 ± 0.90 55.17 ± 0.88
de

 56.79 ± 0.50
bc

 31.16 ± 0.75 34.60 ± 0.76
ab

 33.04 ± 0.43
a
 

T6 Nano Cr 100 58.13 ± 1.17 56.98 ± 0.96
bcd

 58.95 ± 0.77
ab

 31.64 ± 1.18 33.54 ± 0.82
abc

 31.53 ± 0.67
ab

 

T7 Nano Cr 200 59.63 ± 0.87 59.73 ± 1.12
a
 58.89 ± 0.99

ab
 30.59 ± 0.72 31.14 ± 1.01

cd
 31.01 ± 0.87

ab
 

T8 Nano Cr 400 60.48 ± 0.74 59.48 ± 0.80
ab

 59.80 ± 0.64
a
 29.48 ± 0.75 30.32 ± 0.71

d
 30.27 ± 0.62

b
 

Probabilities 

Polynomial contrasts 

Cr yeast         

 Linear   0.557 0.000* 0.002* 0.685 0.000* 0.020* 

 Quadratic  0.447 0.459 0.195 0.340 0.458 0.161 

Nano Cr         

 Linear   0.705 0.000* 0.000* 0.533 0.000* 0.001* 

 Quadratic  0.028* 0.000* 0.562 0.029* 0.027* 0.165 

Cr Source   0.211 0.577 0.473 0.169 0.319 0.369 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.42: Analysis of variance for Albumen per cent and yolk per cent  

   

Between treatments Between Cr sources 

Sources df 
Mean Sum 

of Square 
F Sig. Sources df 

Mean Sum 

of Square 
F Sig. 

Albumen 

% 

32
nd

 

week 

Between Treatments 7 8.31 1.15 0.347 Between Cr  Sources 1 12.66 1.60 0.211 

Error  56 7.23 
  

Error 54 7.90   

Total 63 
   

Total 55    

36
th

 

week 

Between Treatments 7 47.12 7.43* 0.000 Between Cr  Sources 1 2.88 0.32 0.577 

Error  56 6.35 
  

Error 54 9.16   

Total 63 
   

Total 55    

40
th

 

week 

Between Treatments 7 29.30 4.07* 0.001 Between Cr  Sources 1 4.60 0.52 0.473 

Error  56 7.21 
  

Error 54 8.79   

Total 63 
   

Total 55    

Yolk % 

32
nd

 

week 

Between Treatments 7 6.59 1.15 0.348 Between Cr  Sources 1 12.06 1.94 0.169 

Error  56 5.76 
  

Error 54 6.20   

Total 63 
   

Total 55    

36
th

 

week 

Between Treatments 7 30.20 5.49* 0.000 Between Cr  Sources 1 7.44 1.01 0.319 

Error  56 5.51 
  

Error 54 7.37   

Total 63 
   

Total 55    

40
th

 

week 

Between Treatments 7 15.48 2.92* 0.011 Between Cr  Sources 1 5.24 0.82 0.369 

Error  56 5.30 
  

Error 54 6.39   

Total 63 
   

Total 55    

*Significant (P≤0.05) 
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yeast and was quadratic in Nano Cr. Also, there was no statistical significance between 

the two Cr sources for yolk per cent. 

During 36
th

 week, yolk per cent varied significantly (P≤0.05) among different 

treatment groups and ranged from 30.32 (T8) to 35.50 (control). Yolk per cent was 

highest in the control group which was significantly higher than all Cr supplemented 

groups except T5 (34.60) and T6 (33.54). Among different Cr supplemented groups, there 

was no significant difference in yolk per cent between T2, T3, T4, T7 and T8 and also 

between T5 and T6. The response for reduction in yolk per cent among different Cr levels 

within Cr yeast or Nano Cr supplemented groups was linear. However, there was no 

significance for yolk per cent between the two Cr sources. 

Eggs collected on 40
th

 week had yolk per cent significantly lower in T4 (30.05) 

and T8 (30.27) than that in the control group (33.44), while the yolk per cent in other Cr 

supplemented groups was not significantly different from that of control.  The yolk per 

cent was comparable between T4, T6, T7 and T8. With different Cr levels within each Cr 

source, the response for reduction in yolk per cent was linear in both Cr yeast and Nano 

Cr supplemented groups. Similar to 36
th

 week, the source effect in 40
th

 week was not 

statistically different between the two sources. 

4.14.1.8 Shell per cent 

The influence of Cr yeast and Nano Cr on shell per cent in eggs collected on 32
nd

, 

36
th

 and 40
th

 week age in dual purpose chicken is presented in Table 4.43 and the mean 

sum of square from analysis of variance between treatments and between Cr sources is 

presented in Table 4.44. Shell per cent was statistically significant (P≤0.05) among the 
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dietary treatment groups in eggs collected on 36
th

 and 40
th

 weeks age, while, it was non 

significant during 32
nd

 week.  

Shell per cent in eggs collected on 32
nd

 week ranged from 9.71 per cent in T3 to 

10.40 per cent in T2. Among different treatment groups, there was no significant 

difference in shell per cent. The response with different Cr levels within Cr yeast or Nano 

Cr source was insignificant and also, the source effects for shell per cent remained 

insignificant.  

During 36
th

 week, shell per cent significantly reduced in all Cr supplemented 

groups than the control group except in T2 (10.70 %). The highest shell per cent was 

observed in control (11.19 %) and the lowest was noticed in T7 (9.13 %). The highest 

shell per cent among the Cr supplemented groups was recorded in T2, which was 

comparable with T3, T5 and T8. Shell per cent in T2 (10.70 %) and T3 (9.95 %) was 

significantly comparable among Cr yeast supplemented group. Similarly, in Nano Cr 

group, T5 (10.23 %), T6 (9.48 %) and T8 (10.20 %) were insignificant for shell per cent. 

Linear response was noticed with different Cr levels within Cr yeast and Nano Cr groups 

for reduction in shell per cent. Further, there existed no significant difference between the 

two sources for shell per cent. 

Eggs collected on 40
th

 week had shell per cent ranging from 9.09 per cent in T4 to 

11.25 per cent in the control group. Shell per cent in all Cr supplemented groups reduced 

significantly than the control group. Among different Cr supplemented groups, shell per 

cent was statistically similar in all groups except in T4 and T6. The response with 
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Table 4.43: Effect of supplementing chromium yeast and Nano chromium on egg shell per cent and shell thickness (mm) of 

dual purpose birds 

Treatment 
Cr 

Source 

Cr Level 

(ppb) 

Egg Shell % Shell thickness (mm) 

32
nd

 week 36
th

 week 40
th

 week 32
nd

 week
 
 36

th
 week 40

th
 week 

T1 Control 0 10.17 ± 0.22 11.19 ± 0.28
a
 11.25 ± 0.34

a
 0.363 ± 0.006 0.394 ± 0.005

a
 0.384 ± 0.022 

T2 Cr yeast 200 10.40 ± 0.22 10.70 ± 0.24
ab

 10.24 ± 0.21
b
 0.383 ± 0.007 0.368 ± 0.004

abc
 0.388 ± 0.005 

T3 Cr yeast 400 9.71 ± 0.19 9.95 ± 0.29
bcd

 10.35 ± 0.28
b
 0.389 ± 0.007 0.381 ± 0.022

ab
 0.393 ± 0.022 

T4 Cr yeast 600 10.05 ± 0.38 9.46 ± 0.32
cd

 9.09 ± 0.44
c
 0.368 ± 0.011 0.360 ± 0.007

bc
 0.376 ± 0.004 

T5 Nano Cr 50 10.26 ± 0.36 10.23 ± 0.24
bc

 10.17 ± 0.19
b
 0.378 ± 0.010 0.368 ± 0.005

abc
 0.404 ± 0.020 

T6 Nano Cr 100 10.23 ± 0.31 9.48 ± 0.37
cd

 9.52 ± 0.35b
c
 0.374 ± 0.011 0.354 ± 0.006

bc
 0.371 ± 0.006 

T7 Nano Cr 200 9.78 ± 0.32 9.13 ± 0.19
d
 10.10 ± 0.40

b
 0.368 ± 0.009 0.346 ± 0.005

c
 0.390 ± 0.008 

T8 Nano Cr 400 10.05 ± 0.31 10.20 ± 0.19
bc

 9.94 ± 0.16
bc

 0.371 ± 0.010 0.356 ± 0.009
bc

 0.388 ± 0.021 

Probabilities 

Polynomial contrasts 

Cr yeast         

 Linear   0.367 0.000* 0.000* 0.555 0.114 0.805 

 Quadratic  0.840 0.991 0.707 0.015* 0.836 0.530 

Nano Cr         

 Linear   0.565 0.000* 0.001* 0.539 0.000* 0.963 

 Quadratic  0.610 0.031* 0.107 0.403 0.222 0.777 

Cr Source   0.906 0.251 0.868 0.323 0.081 0.804 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.44: Analysis of variance for  egg shell per cent and shell thickness  

   

Between treatments Between Cr sources 

Source df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Egg shell 

% 

32
nd

 

week 

Between Treatments 7 0.46 0.65 0.709 Between Cr  Sources 1 0.010 0.014 0.906 

Error  56 0.70 
  

Error  54 0.733   

Total 63 
   

Total 55    

36
th

 

week 

Between Treatments 7 3.77 6.35* 0.000 Between Cr  Sources 1 1.047 1.345 0.251 

Error  56 0.59 
  

Error  54 0.778   

Total 63 
   

Total 55    

40
th

 

week 

Between Treatments 7 3.18 4.14* 0.001 Between Cr  Sources 1 0.024 0.028 0.868 

Error  56 0.77 
  

Error  54 0.864   

Total 63 
   

Total 55    

Shell 

thickness 

32
nd

 

week 

Between Treatments 7 0.00 0.91 0.504 Between Cr  Sources 1 0.001 0.996 0.323 

Error  56 0.00 
  

Error  54 0.001   

Total 63 
   

Total 55    

36
th

 

week 

Between Treatments 7 0.00 2.60* 0.022 Between Cr  Sources 1 0.003 3.172 0.081 

Error  56 0.00 
  

Error  54 0.001   

Total 63 
   

Total 55    

40
th

 

week 

Between Treatments 7 0.00 0.41 0.894 Between Cr  Sources 1 0.000 0.062 0.804 

Error  56 0.00 
  

Error  54 0.002   

Total 63 
   

Total 55    

*Significant (P≤0.05)
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different Cr levels within Cr yeast or Nano Cr source was linear for reducing shell per 

cent. However, the source effects for shell per cent remained insignificant. 

4.14.1.9 Shell thickness  

The shell thickness in eggs collected on 32
nd

, 36
th

 and 40
th

 week age in dual 

purpose chicken as influenced by Cr yeast and Nano Cr is presented in Table 4.43 and 

the mean sum of square from analysis of variance between treatments and between Cr 

sources is presented in Table 4.44. Shell thickness (mm) was not significantly different 

among the dietary treatment groups during 32
nd

 and 40
th

 week, while it was statistically 

significant (P≤0.05) in eggs collected on 36
th

 week age.  

Shell thickness in eggs collected in 32
nd

 week ranged from 0.363 mm in the 

control group to 0.389 mm in T3. However, the shell thickness among various groups was 

not significantly different. The response with different Cr levels in both the sources was 

neither linear nor quadratic. Also, the source effects was statistically non significant for 

shell thickness. 

During 36
th

 week, shell thickness was significantly different among different 

treatment groups ranging from 0.346 mm in T7 to 0.394 mm in the control group. 

Compared to the control group, shell thickness reduced significantly in T4 (0.360 mm), T6 

(0.354 mm), T7 (0.346 mm) and T8 (0.356 mm). Among different levels in both Cr yeast 

and Nano Cr, the shell thickness remained insignificant. The response with different 

levels in Cr yeast group was neither linear nor quadratic, while it was linear in Nano Cr 

group. However, there was no significant difference between the two sources for shell 

thickness. 
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Eggs collected in 40
th

 week had shell thickness ranging from 0.371 mm in T6 to 

0.404 mm in T5. No significant difference was noticed among different dietary treatment 

groups. The response with different Cr levels in both the sources was neither linear nor 

quadratic. Also, the source effects was statistically non significant for shell thickness. 

4.14.2 Total fat content of egg yolk 

The effect of Cr yeast and Nano Cr on total fat content in egg yolk in dual 

purpose chicken is presented in Table 4.45 and the mean sum of square from analysis of 

variance between treatments and between Cr sources is presented in Table 4.46. Fat per 

cent was statistically significant (P≤0.05) among different dietary treatment groups. The 

fat content of egg is graphically represented in Fig. 4.12 

Eggs from all Cr supplemented groups had fat per cent significantly lower than 

that in the control group. The fat per cent of egg ranged from 25.28 per cent in T8 (Nano 

Cr, 400 ppb) to 28.22 per cent in control. Among different Cr supplemented groups, the 

fat per cent was significantly comparable between T2 and T5, between T3 and T6, 

between T4 and T7 and also between T4 and T8. The response with different levels of Cr 

within a source was linear in both Cr yeast and Nano Cr for reduction in fat content of 

egg. However, there existed no significant difference between the sources for egg fat 

content. 

4.14.3 Total cholesterol content of egg  

The cholesterol content in eggs yolk (mg/g yolk) collected on 40
th

 week in dual 

purpose chicken as influenced by Cr yeast and Nano Cr is presented in Table 4.45 and 



205 

2
0
5
 

Table 4.45: Effect of supplementing chromium yeast and Nano chromium on egg 

fat and cholesterol content of dual purpose birds 

Treatment Cr Source 
Cr Level 

(ppb) 
Fat (%) 

Cholesterol 

(mg/g yolk) 

T1 Control 0 28.22 ± 0.22
a
 17.03 ± 0.41

a
 

T2 Cr yeast 200 27.12 ± 0.15
b
 15.29 ± 0.19

b
 

T3 Cr yeast 400 26.27 ± 0.13
cd

 14.84 ± 0.37
b
 

T4 Cr yeast 600 25.52 ± 0.17
ef

 13.42 ± 0.23
cd

 

T5 Nano Cr 50 27.29 ± 0.14
b
 15.21 ± 0.47

b
 

T6 Nano Cr 100 26.64 ± 0.20
c
 14.34 ± 0.28

bc
 

T7 Nano Cr 200 25.85 ± 0.10d
e
 13.59 ± 0.05

cd
 

T8 Nano Cr 400 25.28 ± 0.14
f
 13.15 ± 0.22

d
 

Probabilities 

Polynomial contrasts 

Cr yeast     

 Linear   0.000* 0.000* 

 Quadratic  0.318 0.618 

Nano Cr     

 Linear   0.000* 0.000* 

 Quadratic  0.001 0.413 

Cr Source   0.902 0.236 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 
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Table 4.46: Analysis of variance for egg cholesterol and fat content  

  

Between treatments Between Cr sources 

Source df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Fat (%) 

Between Treatments 7 3.95 38.27* 0.000 Between Cr Sources 1 0.010 0.015 0.902 

Error  24 0.10 
  

Error  26 0.629   

Total 31 
   

Total 27    

Cholesterol 

(mg/g yolk) 

Between Treatments 7 6.53 17.68* 0.000 Between Cr Sources 1 1.374 1.468 0.236 

Error  24 0.37 
  

Error  26 0.936   

Total 31 
   

Total 27    

*Significant (P≤0.05)
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Fig. 4.12: Effect of supplementing chromium yeast and Nano chromium on egg cholesterol and fat content of dual purpose 

birds 
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the mean sum of square from analysis of variance between treatments and between Cr 

sources is presented in Table 4.46. The cholesterol content of egg is graphically 

represented in Fig. 4.12. 

Cholesterol content was significantly different (P≤0.05) among the dietary 

treatment groups. Similar to the fat content, cholesterol content of egg reduced 

significantly in all Cr treated groups when compared to the control group. Cholesterol 

content was highest in control (17.03 mg/g) and was lowest in T8 (13.15 mg/g). Among 

different Cr supplemented groups, cholesterol content was statistically similar between T2 

(15.29 mg/g), T3 (14.84 mg/g), T5 (15.21 mg/g) and T6 (14.34 mg/g), no significant 

difference in cholesterol content was noticed. Similarly between T4 (13.42 mg/g), T7 

(13.59 mg/g) and T8 (13.15 mg/g), cholesterol content was comparable. The response for 

reduction in cholesterol content in eggs with different Cr levels within each source was 

linear in both Cr yeast and Nano Cr. The source effects (Cr yeast v/s Nano Cr) remained 

insignificant. 

4.15 Chromium levels in egg 

The influence of Cr yeast and Nano Cr on Cr levels in eggs collected on 32
nd

, 36
th

 

and 40
th

 week of age in dual purpose chicken is presented in Table 4.47, graphically 

represented in Fig. 4.13 and the mean sum of square from analysis of variance between 

treatments and between Cr sources is presented in Table 4.48. The percentage of Cr 

enrichment in eggs during 40
th

 week of age calculated based on the Cr content in eggs in 

different Cr supplemented groups (T2 to T8) in comparison with the control is graphically 

presented in Fig. 4.14. 
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Egg Cr content was statistically significant (P≤0.05) among the dietary treatment 

groups in eggs collected in 32
nd

, 36
th

 and 40
th

 weeks of age. During 32
nd

 week, Cr 

content in eggs of all Cr supplemented groups was significantly more than that in the 

control except in T2 (155.90 ppb). Cr content was highest in T4 (358.28 ppb), which was 

comparable with the Cr content in T3 (342.18 ppb) and T8 (353.53 ppb). Also, the Cr 

content was significantly comparable between T3 and T7. With different Cr levels in both 

Cr yeast and Nano Cr, the response for increase in Cr content in egg was linear. 

However, no significant difference was recorded between the two sources. 

Eggs collected on 36
th

 week had Cr content significantly higher (P≤0.05) in all Cr 

supplemented groups than that in the control. Cr content ranged from 143.98 ppb in 

control to 380.65 ppb in T8. Cr level in T4 (370.68 ppb) was statistically similar to that in 

T8. Similarly, Cr content in T3 (350.75 ppb) and T7 (352.48 ppb) were comparable with 

each other. Linear response was noticed with different levels of Cr in both Cr yeast and 

Nano Cr for increase in Cr content of egg. No significant difference between the two 

sources was noticed for egg Cr content. 

Cr content in eggs collected on 40th week was significantly high (P≤0.05) in all 

Cr supplemented groups than the control group (154.58 ppb). Highest Cr content in eggs 

was recorded in T8 (443.60 ppb). Among the Cr supplemented groups, Cr content in eggs 

was statistically similar between T3 (394.98 ppb) and T7 (395.23 ppb). The Cr content in 

other Cr supplemented groups was significantly different. The response for increasing the 

egg Cr content with different Cr levels within each Cr source was linear in both the Cr 

sources. No significant difference between the two sources for egg Cr content was 

noticed. 
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Table 4.47: Effect of supplementing chromium yeast and Nano chromium on 

chromium content in egg yolk (ppb) of dual purpose birds 

Treatment Cr Source 
Cr Level 

(ppb) 

Egg Cr content (ppb) 

32
nd

 week 36
th

 week 40
th

 week 

T1 Control 0 140.08 ± 6.81
e
 143.98 ± 7.68

g
 154.58 ± 9.35

g
 

T2 Cr yeast 200 155.90 ± 10.03
e
 168.25 ± 7.03

f
 191.25 ± 5.63

f
 

T3 Cr yeast 400 342.18 ± 8.06
ab

 350.75 ± 3.91
c
 394.98 ± 4.45

c
 

T4 Cr yeast 600 358.28 ± 3.48
a
 370.68 ± 2.88

ab
 420.85 ± 6.58

b
 

T5 Nano Cr 50 225.53 ± 3.70
d
 246.55 ± 7.77

e
 240.85 ± 4.98

e
 

T6 Nano Cr 100 309.73 ± 5.07
c
 309.13 ± 8.61

d
 324.80 ± 3.28

d
 

T7 Nano Cr 200 332.65 ± 3.19
b
 352.48 ± 7.18b

c
 395.23 ± 5.09

c
 

T8 Nano Cr 400 353.53 ± 3.28
a
 380.65 ± 4.24

a
 443.60 ± 6.17

a
 

Probabilities 

Polynomial contrasts 

Cr yeast      

 Linear   0.000* 0.000* 0.000* 

 Quadratic  0.986 0.712 0.439 

Nano Cr      

 Linear   0.000* 0.000* 0.000* 

 Quadratic  0.004* 0.011* 0.000* 

Cr Source   0.487 0.375 0.666 

Means within a column bearing different superscripts differ significantly (P≤0.05); 

*Significant (P≤0.05) 
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Table 4.48: Analysis of variance for Chromium content in egg  

  

Between treatments Between Cr sources 

Source df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

32
nd

 week 

Between Treatments 7 32537.28 228.86* 0.000 Between Cr Sources 1 2717.20 0.50 0.487 

Error  24 142.17 
  

Error  26 5457.80   

Total 31 
   

Total 27    

36
th

 week 

Between Treatments 7 34696.48 206.54* 0.000 Between Cr Sources 1 4508.54 0.82 0.375 

Error  24 167.99 
  

Error  26 5530.89   

Total 31 
   

Total 27    

40
th

 week 

Between Treatments 7 49687.31 352.71* 0.000 Between Cr Sources 1 1631.97 0.19 0.666 

Error  24 140.87 
  

Error  26 8548.13   

Total 31 
   

Total 27    

*Significant (P≤0.05) 
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Fig. 4.13: Effect of supplementing chromium yeast and Nano chromium on chromium content in egg yolk (ppb) of dual 

purpose birds 
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Fig. 4.14: Effect of supplementing chromium yeast and Nano chromium on chromium enrichment* (%) of eggs of dual 

purpose birds (40
th

 week age) 

 

*The per cent enrichment of Cr was calculated based on the Cr content in the eggs of different treatment groups compared to the control group (T1)  
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4.16 Blood biochemical parameters 

The influence of Cr yeast and Nano Cr on serum biochemical parameters viz., 

glucose, cholesterol, triglycerides, total protein, albumin and globulin contents on 40
th

 

week age in dual purpose chicken is presented in Table 4.49 and the mean sum of square 

from analysis of variance between treatments and between Cr sources is presented in 

Table 4.50. Statistically significant (P≤0.05) difference among different dietary 

treatment groups was recorded for glucose, cholesterol, total protein and globulin 

contents in the serum.  

Serum glucose content significantly reduced (P≤0.05) in all Cr supplemented 

groups than that in the control (223.65 mg/dl) except in T2 (213.18 mg/dl) and T5 

(215.74 mg/dl). Lowest glucose level was recorded in T8 (174.17 mg/dl), which was in 

comparison with T7 (177.18 mg/dl). Similarly, no significant difference was noticed 

between T2 and T5 and also between T4 (191.15 mg/dl) and T6 (199.18 mg/dl). Linear 

response was recorded with various Cr levels within both Cr yeast and Nano Cr for 

reducing serum glucose concentration. Irrespective of the Cr levels, Nano Cr produced 

less serum glucose levels than Cr yeast. However, difference between the two sources for 

glucose level in serum was not statistically significant.  

Cholesterol content in the serum varied significantly (P≤0.05) among different 

treatment groups. Compared to the control group (205.43 mg/dl), cholesterol content 

significantly reduced in T3 (179.93 mg/dl), T4 (169.31 mg/dl), T7 (184.02 mg/dl) and T8 

(178.40 mg/dl). The other Cr supplemented groups were statistically similar to the control 

group for serum cholesterol levels. Within each Cr source, the response with different Cr
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Table 4.49: Effect of supplementing chromium yeast and Nano chromium on serum biochemical parameters in dual purpose 

birds  

Treatment 
Cr 

Source 

Cr Level 

(ppb) 

Glucose 

(mg/dl) 

Cholesterol 

(mg/dl) 

Triglycerides 

(mg/dl) 

Total protein 

(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 

T1 Control 0 223.65 ± 4.73
a
 205.43 ± 1.30

a
 134.33 ± 3.68 7.71 ± 0.29

b
 2.82 ± 0.16 4.89 ± 0.41

b
 

T2 Cr yeast 200 213.18 ± 2.55
ab

 200.62 ± 2.08
a
 136.98 ± 1.97 7.64 ± 0.74

b
 3.60 ± 0.30 4.03 ± 0.54

b
 

T3 Cr yeast 400 204.61 ± 5.93
bc

 179.93 ± 5.88
bc

 134.33 ± 3.68 7.73 ± 1.12
b
 2.94 ± 0.34 4.79 ± 0.84

b
 

T4 Cr yeast 600 191.15 ± 3.08
d
 169.31 ± 3.95

c
 133.24 ± 4.90 8.33 ± 0.52

b
 4.01 ± 0.52 4.32 ± 0.93

b
 

T5 Nano Cr 50 215.74 ± 2.11
ab

 200.19 ± 2.54
a
 136.70 ± 2.22 7.23 ± 0.11

b
 3.49 ± 0.21 3.75 ± 0.18

b
 

T6 Nano Cr 100 199.18 ± 4.34
cd

 197.17 ± 4.74
a
 136.70 ± 2.22 6.78 ± 0.21

b
 3.18 ± 0.39 3.60 ± 0.39

b
 

T7 Nano Cr 200 177.18 ± 5.39
e
 184.02 ± 2.94

b
 138.37 ± 1.11 10.05 ± 0.28

a
 3.09 ± 0.34 6.96 ± 0.61

a
 

T8 Nano Cr 400 174.17 ± 2.77
e
 178.40 ± 2.48

bc
 139.50 ± 2.69 11.29 ± 0.46

a
 3.23 ± 0.57 8.06 ± 0.85

a
 

Probabilities 

Polynomial contrasts 

Cr yeast         

 Linear   0.000* 0.000* 0.727 0.567 0.090 0.767 

 Quadratic  0.734 0.454 0.623 0.652 0.685 0.790 

Nano Cr         

 Linear   0.000* 0.000* 0.155 0.000* 0.479 0.002* 

 Quadratic  0.001* 0.004* 0.741 0.000* 0.441 0.000* 

Cr Source   0.079 0.197 0.164 0.191 0.373 0.118 

Means within a column bearing different superscripts differ significantly (P≤0.05); *Significant (P≤0.05) 
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Table 4.50: Analysis of variance for serum biochemical parameters 

  

Between treatments Between Cr sources 

Source  df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Glucose 

Between Treatments 7 1296.70 19.43* 0.000 Between Cr  Sources 1 892.95 3.35 0.079 

Error  24 66.74 
  

Error  26 266.49   

Total 31 
   

Total 27    

Cholesterol 

Between Treatments 7 687.15 13.77* 0.000 Between Cr  Sources 1 304.10 1.75 0.197 

Error  24 49.91 
  

Error  26 173.34   

Total 31 
   

Total 27    

Triglycerides 

Between Treatments 7 18.56 0.51 0.820 Between Cr  Sources 1 60.56 2.05 0.164 

Error  24 36.59 
  

Error  26 29.55   

Total 31 
   

Total 27    

Total protein 

Between Treatments 7 9.45 7.54* 0.000 Between Cr  Sources 1 6.06 1.81 0.191 

Error  24 1.25 
  

Error  26 3.36   

Total 31 
   

Total 27    

Albumin 

Between Treatments 7 0.60 1.07 0.414 Between Cr  Sources 1 0.51 0.82 0.373 

Error  24 0.57 
  

Error  26 0.62   

Total 31 
   

Total 27    

Globulin 

Between Treatments 7 10.40 6.28* 0.000 Between Cr  Sources 1 10.07 2.61 0.118 

Error  24 1.66 
  

Error  26 3.86   

Total 31 
   

Total 27    

*Significant (P≤0.05) 
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levels for reducing cholesterol content in serum was linear in both Cr yeast and Nano Cr. 

Similar to the serum glucose levels, there existed no significant difference between the 

two Cr sources for cholesterol content. 

Triglyceride levels in serum did not differ significantly (P≤0.05) among different 

treatment groups. The serum triglyceride level ranged from 133.24 mg/dl in T4 to 139.50 

mg/dl in T8. The response with different levels of Cr was neither linear nor quadratic in 

both Cr yeast and Nano Cr. Also, the source effects were found to be non significant for 

triglyceride concentration.  

The total protein content in the serum significantly increased (P≤0.05) only in T7 

and T8 when compared to that of control group. Lowest total protein content was 

recorded in T6 (6.78 g/dl) and the highest level was recorded in T8 (11.29 g/dl). T7 (10.05 

g/dl) and T8 remained statistically similar for total protein levels. With different Cr levels 

within Cr yeast, the response for increasing serum total protein content was neither linear 

nor quadratic, while for Nano Cr, the repose was quadratic in nature. The source effects 

(Cr yeast v/s Nano Cr) remained non significant.  

The serum albumin level was non significant among different treatment groups 

and it ranged from 2.82 g/dl in control to 4.01 g/dl in T4. The response with different Cr 

levels in Cr yeast and Nano Cr supplemented groups was neither linear nor quadratic for 

increase in albumin content in serum. Further, between the two sources, no significant 

difference was noticed.  
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Globulin content in serum significantly differed (P≤0.05) among various 

treatment groups. Serum globulin levels significantly increased in T7 (6.96 g/dl) and T8 

(8.06 g/dl) when compared to the control (4.89 g/dl). Other Cr supplemented groups were 

not significantly different from the control. Globulin level was lowest in T6 (3.60 g/dl) 

and the highest content was recorded in T8 (8.06 g/dl). The serum globulin levels were 

significantly similar between T7 and T8. In Cr yeast supplemented group, the response 

with various levels for increase in globulin content was neither linear nor quadratic, 

while, in Nano Cr supplemented group, the response was linear. However, the source 

effect (Cr yeast v/s Nano Cr) was statistically insignificant for serum globulin levels. 

4.16 Survivability  

The data on survivability of dual purpose chicken during the laying stage from 

28
th

  to 40
th

  weeks of age as affected by the supplementation of Cr yeast and Nano Cr is 

presented in Table 4.51 and the mean sum of square from analysis of variance between 

treatments and between Cr sources is presented in Table 4.52. Survivability per cent 

was not statistically significant among different dietary treatment groups and it ranged 

from 97.2 per cent in T6 and T8 to 100 per cent in T2, T4, T5 and T7.  

4.17 Feed cost economics 

The results pertaining to the cost of feed per egg produced and also the cost of 

feed to deposit one ppb of Cr in the eggs is presented in Table 4.53 and the mean sum of 

square from analysis of variance between treatments and between Cr sources is presented 

in Table 4.54. Both the feed cost (Rs) per egg and feed cost per unit (ppb) of Cr 

deposition in eggs differed significantly (P≤0.05) among the treatment groups. 
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The feed cost per egg produced ranged from Rs. 4.64 in T7 to Rs. 5.66 in the 

control and compared to the control, the feed cost per egg was significantly lower in all 

Cr supplemented groups. Among the Cr treated groups, the feed cost per egg was 

statistically comparable between T2 (5.28) and T3 (5.13) and also between T4 to T8. The 

response with different Cr levels was linear in both Cr yeast and Nano Cr and Nano Cr 

group had significantly lower feed cost per egg than the Cr yeast group.  

Similarly, the feed cost per unit (ppb) of Cr deposition in eggs was highest in the 

control group (32.84) and the feed cost in all Cr supplemented groups was significantly 

lower than the control. The lowest feed cost per unit of Cr deposition in egg was recorded 

in T8 (11.25). The response was linear in both the Cr sources. The feed cost per ppb Cr in 

egg was statistically similar in T3 (12.74), T4 (11.97), T7 (12.72) and T8 (11.25). The 

source effect remained non significant. 
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Table 4.51: Effect of supplementing chromium yeast and Nano chromium on 

survivability of dual purpose birds  

Treatment Cr Source Cr Level (ppb) Survivability (%) 

T1 Control 0 98.60 ± 1.40 

T2 Cr yeast 200 100.00 ± 0.00 

T3 Cr yeast 400 98.60 ± 1.40 

T4 Cr yeast 600 100.00 ± 0.00 

T5 Nano Cr 50 100.00 ± 0.00 

T6 Nano Cr 100 97.20 ± 1.62 

T7 Nano Cr 200 100.00 ± 0.00 

T8 Nano Cr 400 97.20 ± 1.62 

 

             

 

Table 4.52: Analysis of variance for survivability  

 Source  df 
Mean Sum of 

Square 
F Sig. 

Between treatments 7 6.16 1.35 0.272 

Error 24 4.57     

Total 31       
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Table 4.53: Effect of supplementing chromium yeast and Nano chromium on feed 

cost (Rs) per egg and per ppb of chromium deposition in eggs in dual 

purpose birds  

Treatment Cr Source 
Cr Level 

(ppb) 

Feed cost (Rs) 

Per egg 
Per ppb Cr in 

egg 

T1 Control 0 5.66 ± 0.19
a
 32.84 ± 1.98

a
 

T2 Cr yeast 200 5.28 ± 0.11
b
 26.34 ± 0.77

b
 

T3 Cr yeast 400 5.14 ± 0.12
bc

 12.74 ± 0.15
e
 

T4 Cr yeast 600 4.90 ± 0.12
cd

 11.97 ± 0.19
e
 

T5 Nano Cr 50 4.89 ± 0.12
cd

 20.88 ± 0.43
c
 

T6 Nano Cr 100 4.78 ± 0.11
cd

 15.28 ± 0.23
d
 

T7 Nano Cr 200 4.64 ± 0.04
d
 12.72 ± 0.16

e
 

T8 Nano Cr 400 4.68 ± 0.07
d
 11.25 ± 0.20

e
 

Probabilities 

Polynomial contrasts 

Cr yeast 
    

Linear   0.002* 0.000* 

 Quadratic  0.612 0.020* 

Nano Cr 
    

Linear   0.000* 0.000* 

 Quadratic  0.125 0.546 

Cr Source   0.000* 0.343 

Means within a column bearing different superscripts differ significantly (P≤0.05);  

*Significant (P≤0.05) 
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Table 4.54: Analysis of variance for feed cost (Rs) per egg and per ppb of chromium deposition in eggs 

  

Between treatments Between Cr sources 

Source  df 
Mean Sum 

of Square 
F Sig. Source df 

Mean Sum 

of Square 
F Sig. 

Feed cost per 

egg 

Between Treatments 7 0.48 8.47* 0.000 Between Cr  Sources 1 0.88 17.12* 0.000 

Error  24 0.06 
  

Error  26 0.05   

Total 31 
   

Total 27    

Feed cost per 

ppb Cr in egg 

Between Treatments 7 253.04 103.91* 0.000 Between Cr  Sources 1 26.93 0.93 0.343 

Error  24 2.44 
  

Error  26 28.83   

Total 31 
   

Total 27    

*Significant (P≤0.05) 



 

 
DISCUSSION 



V. DISCUSSION 

Experiment I: To study the effect of supplementation of Chromium yeast and 

Nano chromium on the growth performance and meat quality in 

dual purpose birds till 8 weeks of age 

The results of the experiment conducted to evaluate the effect of Chromium yeast 

and Nano chromium on growth performance, meat quality, hemato-biochemical 

parameters, mineral concentration in the serum and tissues and survivability have 

been discussed in this section under the following headings. 

5.1 Growth performance 

5.1.1 Body weight  

In the present study, supplementation of Cr yeast and Nano Cr resulted in varied 

response in body weight of dual purpose chicken which were significantly different 

among different treatment groups in all I, II, III and VIII weeks. During I week, 

compared to the control group, the body weight in Cr treated groups was not significantly 

different. Body weight in II week was significantly higher than the control group in Nano 

Cr supplemented groups, while, in Cr yeast supplemented groups, the body weight was 

comparable with the control suggesting better bioavailability of Nano Cr than Cr yeast 

which is further supported by the statistical significance in the source effects. During III 

week, body weight was significantly more than the control only in T7 (Nano Cr, 200ppb). 

During VIII week, except for T4, all other Cr supplemented groups had cumulative body 

weight comparable with that of the control. 
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The improvement in the body weight in the Cr yeast supplemented group than the 

control as recorded in the II week is supported by Kroliczewska et al. (2005), wherein, 

supplementation of broilers with 300 and 500 ppb Cr yeast produced significant 

improvement in body weight gain at 21 and 42 days by 500 ppb Cr yeast 

supplementation. Similarly, Kroliczewska (2004) recorded significant increase in body 

weight in broilers receiving 500 ppb Cr yeast. The positive effect of Cr yeast on body 

weight is further supported by Mohammed et al. (2014), who compared inorganic Cr and 

organic Cr (Cr yeast) in broilers and noticed significant improvement in body weight at 

0.5 ppm Cr yeast level. The increase in the weight gain due to Cr supplementation might 

be because of increased amino acid uptake by tissues and muscle cells tending to 

increased protein retention followed by increased body weight (Kroliczewska, 2004) 

During IV, V, VI and VII weeks, the body weight in various Cr supplemented 

groups was not significantly different from that in the control group. Lack of 

improvement in the body weight in Cr yeast supplemented groups compared to the 

control as observed in this study is in agreement with the results observed by Hossain et 

al. (1998), wherein,  the body weights of broilers supplemented with 300 and 600 ppb Cr 

yeast were not influenced by Cr yeast. Similarly, Debski et al. (2004) found that 

supplementation of 0.2 ppm Cr yeast to broilers did not improve body weight after 56 

days, which is in accordance with the results of the present study showing no significant 

difference in the cumulative body weight at the end of 56 days. The current study results 

are also in agreement with the findings of Suksombat and  Kanchanatawee (2005), who 

observed that supplementation of broilers with chromium yeast at 200, 400 and 800 ppb 

levels showed no significant difference in average daily gain among treatment groups. 
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Supplementation of Nano Cr in the present study did not significantly improve 

body weight when compared to the control during all the weeks of the trial except in II 

and III week. These findings are in confirmation with the results recorded by Sirirat et al. 

(2012), who investigated the effects of different levels of nanoparticles of chromium 

picolinate (NanoCrPic) at 500 and 3000 ppb  Cr levels on the performance of broilers and 

observed  that there were no significant differences in average body weight gain between 

groups. Further, the results of the present study are in agreement with that of Lin et al. 

(2015), who compared chromium chloride, chromium picolinate and nanoparticle 

chromium picolinate (NanoCrPic) on growth performance of broilers at 1200 ppb Cr 

levels and noted that body weight gain from 0 to 5 weeks was not influenced by any of 

the Cr sources.  

5.1.2 Feed consumption 

 The feed consumption in dual purpose chicken as influenced by supplementation 

of Cr yeast and Nano Cr in the present experiment was significantly different among the 

treatment groups in I and III weeks. During II, IV, V, VI, VII and VIII weeks, the 

cumulative feed consumption by the birds in different treatment groups remained similar. 

 During I week, feed consumption was significantly less only in T2 (Cr yeast, 200 

ppb) when compared to the control group. Feed intake in the III week was significantly 

lower in T4 (Cr yeast, 600 ppb) and T5 (Nano Cr, 50 ppb) when compared to the control. 

These results are in conformity with those reported by Sirirat et al. (2012), who 

investigated the effects of nanoparticles of chromium picolinate (NanoCrPic) at 500 and 

3000 ppb Cr levels and found that feeed intake significantly reduced in both NanoCrPic 
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supplemented groups. Conversely, Nagheih et al. (2010) recorded significant increase in 

feed intake in broilers supplemented with different forms of Cr viz., CrCl3, Cr yeast, Cr 

nicotinate and Cr methionine at 600 and 1200 ppb levels. 

Lack of significant effect of Cr yeast and Nano Cr in reducing feed intake as 

observed in the present study in II, IV, V, VI, VIII weeks is in agreement with the 

findings of Hossain et al. (1998), who supplemented broilers with 300 and 600 ppb Cr 

yeast and found that the feed intake was not influenced by Cr yeast. Similarly, Debski et 

al. (2004) found that supplementation of Cr yeast to broilers in an industrial farming 

system at 0.2 ppm level did not affect feed intake. In accordance with the effect of Cr 

yeast and Nano Cr on feed intake during II, IV, V, VI, VII and VIII weeks as observed in 

the present study, Zha et al. (2009) reported that supplementation of different forms of Cr 

(500 μg/kg) in broilers, namely Cr nanocomposite (CrNano), Cr picolinate and Cr 

chloride revealed that the feed intake was not affected by any of the Cr sources. 

Similarly, Lin et al. (2015) conducted a study to investigate the effect of supplementation 

of 1200 ppb Cr as chromium chloride (CrCl3), chromium picolinate (CrPic) and 

nanoparticle chromium picolinate (NanoCrPic) and noted that feed intake was not 

influenced by NanoCrPic, while feed intake at 4-5 weeks increased in the CrCl3 group 

than that in the CrPic group. the findings of the present study showing lack of effect of Cr 

on feed intake is in agreement with the results of many researchers who reported that Cr 

supplementation did not affect feed intake in broilers (Suksombat and Kanchanatawee, 

2005; Al-Mashhadani et al., 2010; Noori et al., 2012; Akbari and Torki 2014; 

Mohammed et al., 2014; Rajalekshmi et al., 2014, etc) 
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5.1.3 Feed conversion ratio 

The cumulative feed conversion ratio (FCR) in the dual purpose chicken fed Cr 

yeast and Nano Cr as observed in the present study showed statistical significance among 

different treatment groups in I, II and III weeks. During I week, FCR was significantly 

lower in T2 (Cr yeast, 200 ppb) and T8 (Nano Cr, 400 ppb) than that in the control group. 

During II week, when compared to the control, FCR was significantly lower in T4 (Cr 

yeast, 600 ppb), T5 (Nano Cr, 50 ppb), T7 (Nano Cr, 200 ppb) and T8 (Nano Cr, 400 ppb). 

During III week, FCR in T4 and T5 was significantly better when compared to the control.  

The results observed during II and III weeks in this study are in agreement with 

those recorded by Kroliczewska et al. (2004) and Kroliczewska et al. (2005), where, feed 

efficiency was significantly improved in broilers supplemented with 500 ppb Cr yeast. 

Similar result was observed by Al-Mashhadani et al. (2010) who studied the effects of 

supplementing 0.5, 1.0, 1.5 and 2.0 ppm Cr yeast on broiler performance and found that 

feed efficiency was significantly improved by supplementing Cr yeast at levels more than 

1.0 ppm. The better FCR in Nano Cr supplemented groups during II and III week is in 

conformity with the results noticed by Zha et al. (2009), where the effects of different 

forms of Cr (500 μg/kg), namely Cr nanocomposite (CrNano), Cr picolinate and Cr 

chloride was evaluated and found that CrNano and CrPic significantly improved feed : 

gain ratio than CrCl3 and the control. The results of the present study are further validated 

by the findings of Sirirat et al. (2012), who investigated the effects of nanoparticles of 

chromium picolinate (NanoCrPic) at 500 and 3000 ppb  Cr levels on the performance of 

broilers and observed that feed conversion ratio in 3000 ppb group was better than the 

control group during 1 to 21 days.  
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The cumulative FCR during IV, V, VI, VII and VIII weeks was not affected by Cr 

yeast or Nano Cr in the present study. These results are in concurrence with the findings 

of Hossain et al. (1998), who found that supplementation of broilers with 300 and 600 

ppb Cr yeast did not influence feed conversion ratio. Likewise, the non significant effect 

of Cr on FCR as observed in this study is in conformity with the results of Debski et al. 

(2004), who found that supplementation of Cr yeast to broilers in an industrial farming 

system at 0.2 ppm level did not improve feed conversion ratio. The results of the present 

study are in agreement with Suksombat and  Kanchanatawee (2005) who supplemented 

broilers with chromium yeast, chromium picolinate and chromium chloride at the rate of 

200, 400 and 800 ppb and concluded that no significant difference was observed among 

treatment groups in feed conversion ratio. Similarly, Nagheih et al. (2010) evaluated the 

effects of  CrCl3, Cr yeast, Cr nicotinate and Cr methionine at 600 and 1200 ppb levels in 

broilers and recorded significant increase in feed intake and body weight in 600 ppb Cr 

nicotinate group, whereas feed efficiency was not influenced by any of the Cr sources. 

Further, the results are in accordance with those observed by Mohammed et al. (2014) 

who compared inorganic Cr and organic Cr (Cr yeast) at 0.5 ppm level in broilers and 

noticed significant improvement in body weight in the birds fed both inorganic and 

organic sources of Cr, while feed intake and FCR were not affected.  

The lack of influence of Nano Cr on FCR during IV, V, VI, VII and VIII weeks as 

noticed in the present trial is in compliance with the results reported by Lin et al. (2015), 

wherein  a study was conducted to investigate the effect of dietary supplementation of 

1200 ppb Cr as chromium chloride (CrCl3), chromium picolinate (CrPic) and 

nanoparticle chromium picolinate (NanoCrPic) on growth performance of broilers and it 
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was noticed that body weight and feed efficiency were not influenced by any of the Cr 

sources.  

The influence of Cr yeast or Nano Cr on the performance parameters of dual 

purpose chicken evaluated in this study viz., body weight gain, feed consumption and 

FCR among various treatment groups is not consistent during different weeks. However, 

the cumulative feed consumption and FCR measured at the end of VIII weeks was not 

affected by the dietary treatments.  

5.2 Serum biochemical parameters 

 The results pertaining to the serum biochemical parameters in dual purpose 

chicken as affected by the supplementation of Cr yeast and Nano Cr has been discussed 

in this section. 

The total protein, albumin and globulin levels in the serum significantly and 

linearly increased in all Cr supplemented groups. Between sources no significant 

difference was noticed. However, the concentrations of total protein and globulin at 

highest supplemental level of Cr in Cr yeast group (600 ppb) were reached by lower Cr 

level in Nano Cr group (400 ppb). This suggests the possibility of further increase in the 

levels of total protein, albumin and globulin by supplementing Nano Cr at more than 400 

ppb levels. Increase in total protein and globulin levels in the serum as noticed in the 

present study is in accordance with those reported by Al-Bandr et al. (2010), who 

evaluated the effects of supplementing CrCl3, Cr yeast or Cr picolinate (1 mg/Kg) in 

broilers and recorded significantly higher plasma total protein and globulin in the groups 

that were supplemented with Cr yeast and Cr Picolinate. Similar results have been 
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reported by Ibrahim et al. (2010), who fed different levels of Cr yeast (0.5, 1.0, 1.5 and 

2.0 mg/Kg) to broilers and found that Cr significantly increased plasma total protein and 

globulin levels, while albumin level was not affected. Similarly, increase in total protein 

and albumin noted in this study conforms with the results of Noori et al. (2012), who 

found that 200 and 800 ppb Cr methionine supplementation increased the serum 

albumin and total protein levels.  Increase in total protein levels with Cr 

supplementation was also established by Ebrahimnazhad and Ghanbari (2014), who 

reported  higher total protein and insulin concentrations in birds receiving 400, 800, 1200, 

1600 and 2000 ppb chromium from chromium picolinate. Increased albumin levels with 

supplementation of Cr picolinate has also been confirmed by other previous studies 

(Sahin et al., 2002a and Sahin et al., 2003).  Also, increase in albumin levels recorded in 

the present study is in agreement with the findings of Rajalekshmi et al. (2014), who 

evaluated the effects of varying levels of Cr picolinate (100, 200, 400, 800, 1600 and 

3200 ppb Cr) in broilers under normal rearing conditions and noticed that Cr 

supplementation significantly increased total protein concentration, while, the albumin 

levels were not affected by Cr in the diet.   

Increase in total serum protein can be justified by the role of Cr on insulin 

function as a factor in the absorption and incorporation of amino acids in animal tissues 

(Roginiski and Mertz, 1969; Ebrahimnazhad and Ghanbari, 2014) 

Contrary to the results of the present study, Kroliczewska (2004) recorded that the 

levels of total protein in the serum were not influenced by supplementation of 300 and 

500 ppb Cr yeast in broilers. Similarly, Toghyani et al. (2012) evaluated the effects of 
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500, 1,000, and 1,500 μg/kg Cr in the form of Cr nicotinate and Cr chloride in heat 

stressed broilers and found that serum total protein levels were not influenced by Cr 

supplementation. Lack of effect of 1 ppm Cr picolinate in female broilers on serum 

albumin levels was also reported by Akbari and Torki (2014). Increase in total protein, 

albumin and globulin levels in serum as observed in the current study is in disagreement 

with the findings of Mohammed et al. (2014), who compared inorganic Cr and organic Cr 

(Cr yeast) at 0.5 ppm level in broilers and noticed that the concentrations of serum total 

protein, albumin and globulin were not influenced by either of the sources of Cr. 

Triglycerides (TG) and cholesterol levels in the serum significantly reduced in all 

Cr supplemented groups than the control group. Within each source, the response with 

different levels was linear in nature. Between Cr yeast and Nano Cr for 200 ppb and 400 

ppb Cr levels, the levels of both TG and cholesterol were significantly low in Nano Cr 

group, suggesting that Nano Cr yielded better results even at lower levels when compared 

to Cr yeast. Reduced TG and cholesterol levels as affected by Cr in the diet may be 

attributable to the stimulating effect of chromium on Langerhans Island in the pancreas to 

insulin secretion. It is known that dietary Cr supplement can stimulate the activity of 

insulin. As a stimulator of anabolism and inhibitor of catabolism of lipids (Cupo and 

Donaldson, 1987), insulin depresses lipolysis in adipocytes and decrease serum 

concentration of TG and cholesterol (Akbari and Torki, 2014).  

Reduction in TG and cholesterol as noticed in the present study is in conformation 

with those reported by Suksombat and Kanchanatawee (2005), who supplemented 

broilers with two organic chromium products, chromium yeast and chromium picolinate 
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and one inorganic product, chromium chloride at the rate of 200, 400 and 800 ppb and 

found that total cholesterol and triglycerides were reduced by organic Cr supplementation 

(200 and 400 ppb of both Cr-Yeast and Cr-Pic). The reduction in triglyceride level as 

recorded in the present study is contradictory to the results of Ibrahim et al. (2010), who 

fed different levels of Cr yeast (0.5, 1.0, 1.5 and 2.0 mg/Kg) to broilers and found that 

triglycerides levels were not influenced by Cr yeast supplementation, while reduction in 

cholesterol concentration was noticed which is in accordance with the present study 

results. The reduction in cholesterol as observed in the current study is in conformation 

with the results reported by Mohammed et al. (2014), who compared inorganic Cr and 

organic Cr (Cr yeast) at 0.5 ppm level in broilers and noticed that the serum 

concentrations of total cholesterol was significantly reduced by supplementing Cr yeast.  

The results of this study with respect to Nano Cr supplementation on reduction in TG and 

Cholesterol are in agreement with those reported by Lin et al. (2015), who conducted a 

study to investigate the effect of 1200 ppb Cr as chromium chloride (CrCl3), chromium 

picolinate (CrPic) and nanoparticle chromium picolinate (NanoCrPic) on serum traits of 

broilers and the results indicated that the LDL-cholesterol in the NanoCrPic group was 

lower than that in the CrPic group. The triglyceride level in the CrCl3 and NanoCrPic 

group was lower than that in the CrPic group. The results of several studies conducted to 

study the effect of Cr picolinate and Cr methionine on biochemical parameters in broilers 

resulting in reduction in TG and cholesterol levels in serum further confirm the results 

recorded in the present study (Sahin et al., 2002a; Sahin et al., 2003; Patil et al., 2008; 

Samanta et al., 2008; Navidshad et al., 2010; Moeini et al., 2011; Noori et al., 2012; Raut 

et al,. 2012; Akbari and  Torki,  2014; Ebrahimnazhad and Ghanbari, 2014)  
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In contrast to the results of the present study, Sands and Smith (2002) reported 

that  supplementation of broilers with 400 ppb chromium picolinate did not affect serum 

TG, high density lipoprotein (HDL) cholesterol, total cholesterol and nonesterified fatty 

acid (NEFA) concentrations.   

Serum glucose levels significantly reduced in all Cr supplemented groups than the 

control. Within each Cr source, the response was linear for reduction in glucose levels. 

Between two sources, for the common Cr levels i.e., 200 ppb and 400 ppb, Nano Cr 

produced significantly lower glucose levels than Cr yeast. A possible explanation for the 

reduced glucose level has been attributed to the effect of Cr on insulin. chromium as an 

integral component of the GTF potentiates the action of insulin. Cr increases glucose 

transport by increasing insulin activity (Moeini et al. 2011), which regulates the 

metabolism of carbohydrate, fat, and protein. Cr can modulate the activity of insulin by 

increasing the number of insulin-sensitive cell receptors or their binding activity 

(Anderson, 1987). This has resulted in increased glucose utilization and uptake by cells, 

thereby reducing serum glucose levels (Akbari and Torki, 2014). 

Decreased serum glucose levels noticed in the present study is in conformation 

with Kroliczewska (2004), who recorded significant reduction in serum glucose in 

broilers receiving 300 and 500 ppb Cr yeast both at 21 days and 42 days of age. Reduced 

serum glucose noticed in this study is also in agreement with the results of Al-Bandr et 

al. (2010), who evaluated the effects of supplementing CrCl3 or Cr yeast or Cr picolinate 

(1 mg/Kg) in broilers and recorded significantly lower plasma glucose levels in Cr yeast 

supplemented group. Further, the results of the present trial are in accordance with 
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Ibrahim et al. (2010), who fed different levels of Cr yeast (0.5, 1.0, 1.5 and 2.0 mg/Kg) to 

broilers and found that Cr significantly reduced glucose levels in plasma. Similar results 

of reduced glucose levels were also reported by Mohammed et al. (2014) by comparing 

inorganic Cr and organic Cr (Cr yeast) at 0.5 ppm level in broilers and noticed that the 

serum concentrations of glucose significantly reduced by supplementing Cr yeast. 

Reduction in serum glucose levels by other organic Cr forms viz., Cr picolinate and Cr 

methionine have been reported by many researchers (Lien et al., 1999; Sahin et al., 

2002a; Sahin et al., 2003; Patil et al., 2008; Moeini et al., 2011; Noori et al., 2011; 

Noori et al., 2012; Raut et al., 2012; Akbari and Torki, 2014; Rajalekshmi et al., 2014). 

Contradictory to the results of the present study showing reduced glucose levels 

by Nano Cr, Lin et al. (2015) conducted a study to investigate the effect of dietary 

supplementation of 1200 ppb Cr as chromium chloride (CrCl3), chromium picolinate 

(CrPic) and nanoparticle chromium picolinate (NanoCrPic) on serum traits of broilers 

and the results indicated serum glucose levels did not vary among different groups. 

Likewise with Cr picolinate supplementation, Ebrahimnazhad and Ghanbari (2014) found 

that dietary supplementation of 400, 800, 1200, 1600 and 2000 ppb chromium from 

chromium picolinate did not affect glucose concentrations. Lack of effect of organic Cr 

on serum glucose levels has also been reported by Samanta et al. (2008) and Habibian et 

al. (2013). 

The levels of liver enzymes in the serum viz., Aspartate aminotransferase 

(AST/SGOT) and Alanine aminotransferase (ALT/SGPT) measured in the present study 

were not significantly different among different dietary treatment groups.  Elevated liver 
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enzymes indicate inflammation or damage to cells in the liver. Inflamed or injured liver 

cells leak higher than normal amounts of liver enzymes into the bloodstream, which 

results in elevated liver enzymes in the blood. Absence of increase in AST or ALT levels 

in the Cr treated groups in the present investigation  confirms that supplementing Cr in 

the diet of dual purpose chicken either in the form of Cr yeast or Nano Cr did not cause 

any damage to the liver. These findings are in conformation with that of Ibrahim et al. 

(2010), who fed different levels of Cr yeast (0.5, 1.0, 1.5 and 2.0 mg/Kg) to broilers and 

found that ALT, AST, creatinine, uric acid, and thyroxine levels were not influenced by 

Cr yeast supplementation. Similarly, Mohammed et al. (2014) compared inorganic Cr 

and organic Cr (Cr yeast) at 0.5 ppm level in broilers and noticed that the serum 

concentrations AST and ALT activities were not influenced by either of the sources of 

Cr. However, the results with regard to the SGPT and SGOT levels recorded in the 

present study are in disagreement with some studies with inorganic form of Cr (CrCl3) in 

broilers have reported increased levels of liver enzymes. Eren and Baspinar (2004) fed 

broilers with 20 ppm CrCl3 and recorded significant increase in serum aspartate amino 

transferase (AST), creatine kinase (CK) levels. Similarly, Bakhiet and Elbadwi (2007) 

reported slight but not significant increase in AST and ALP activities in broilers 

supplemented with 0.2, 0.3 and 0.4 ppb Cr in the form of CrCl3. Likewise, Raut et al. 

(2012) supplemented broilers with chromium picolinate (40, 80, 120 mg/kg) and 

inorganic chromium chloride (80, 120, 200 mg/kg feed) and reported increased levels of 

serum creatinine and AST levels in all the groups receiving organic and inorganic 

chromium. 
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5.3 Haematological parameters 

The results pertaining to the haematological parameters in dual purpose chicken 

as affected by the supplementation of Cr yeast and Nano Cr has been discussed in this 

section. Among the different haematological parameters studied, supplementation of Cr 

yeast or Nano Cr did not significantly influence Packed cell volume (PCV %), 

Erythrocyte sedimentation rate (ESR, mm/hr), Total erythrocyte count (TEC, m/mm
3
), 

Mean corpuscular volume (MCV, fl), Platelets (10
3
/mm

3
), monocyte, basophil and 

eosinophil per cent.  

Haemoglobin (Hb %) significantly increased in T4 (Cr yeast, 600 ppb), T7 (Nano 

Cr, 200 ppb) and T8 (Nano Cr, 400 ppb) when compared to the control, while the Hb 

per cent in other Cr supplemented groups was comparable with the control. The 

response with different levels in both the sources was linear indicating that Hb per cent 

increased with increase in Cr inclusion level in the diet. The values of MCH and MCHC 

did not differ significantly in Cr treated groups when compared to the control. The total 

count (TC 1000/mm3) increased significantly than control in T4 (Cr yeast, 600 ppb) and 

T8 (Nano Cr, 400 ppb) and the response with different Cr levels was linear in both the 

sources. 

The results of the present study showing increased Hb per cent are in accordance 

with those reported by Toghyani et al. (2006), who evaluated the effect of supplementing 

organic Cr source (Cr picolinate) in broilers and noticed that hemoglobin, MCH, MCHC 

were increased by 1000 ppb chromium picolinate supplementation at 42 days age, where 

as WBC, RBC, PCV, MCV and thrombocyte counts did not differ significantly from that 
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of control.  Wilson (1971) reported that hematology may be used to diagnose both 

quantitative and morphologic physiological alterations that might be associated to heat 

stress, such as changes in hematocrit and hemoglobin. The authors attribute the increased 

haemoglobin and hematocrit to the antistress action of Cr. Similar results have been 

reported by Raut et al. (2012), who supplemented broilers with chromium picolinate (40, 

80, 120mg/kg) and inorganic chromium chloride (80, 120, 200mg/kg feed) and reported 

that Cr-Pic fed groups showed increased TEC, Hb and PCV values. Contrary to the 

results of the current study, Sirirat et al. (2012) found that supplementation of 

nanoparticles of chromium picolinate (NanoCrPic) at 500 and 3000 ppb Cr levels did not 

affect WBC, basophils, eosinophils and monocytes. Likewise, Toghyani et al. (2012) 

evaluated the effects of 500, 1,000, and 1,500 μg/kg Cr in the form of Cr nicotinate and 

Cr chloride in heat stressed broilers and found that WBC, RBC, haematocrit, 

haemoglobin, MCV and MCH values were unaffected by Cr incorporation in the diet.  

However, numerical improvement in WBC, Hb and MCH was noticed, more so in Cr 

nicotinate fed group. 

There is very limited number of studies conducted so far to clearly conclude the 

effect of Cr on haematological parameters in broilers and hence further research to be 

conducted to validate the results. 

Among the differential leukocyte counts, heterophils reduced significantly than 

control and also in T3, T4 (Cr yeast, 400 and 600 ppb), T6, T7 and T8 (Nano Cr, 100, 200 

and 400 ppb). The lymphocyte counts significantly increased in T3, T4, T7 and T8. 

Correspondingly the heterophil to lymphocyte ratio (H/L) reduced significantly in T3, T4 
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(Cr yeast, 400 and 600 ppb), T6, T7 and T8 (Nano Cr, 100, 200 and 400 ppb). These 

findings are in agreement with Sirirat et al. (2012), who investigated the effects of 

different levels of nanoparticles of chromium picolinate (NanoCrPic) at 500 and 3000 

ppb  Cr levels on the effect on hematological parameters and reported that the addition of 

NanoCrPic significantly increased lymphocytes and decreased both heterophils and H/L 

ratio in groups receiving  500 and 3000 ppb  Cr levels. The present study results are also 

in agreement with that of Uyanik et al. (2002a), who also found that supplementation of 

broiler chicks with 20, 40, or 80 mg/kg Cr as CrCl3 Chromium increased lymphocyte 

counts and reduced Heterophil and heterophil/lymphocyte ratio. Further Toghyani et al. 

(2007) confirmed these results wherein they supplemented heat stressed broilers with 

500, 1000 and 1500 ppb Cr picolinate and found that heterophil to lymphocyte ratios 

decreased by Cr supplementation. Similar results were observed with supplementation of 

Cr methionine in broilers wherein the heterophil to lymphocyte ratios decreased 

significantly (Bahrami et al., 2012; Ebrahimzadeh et al., 2012 and Ghazi et al., 2012). 

The findings are also in accordance with Rajalekshmi et al. (2014), wherein, 

supplementation of Cr picolinate (100, 200, 400, 800, 1600 and 3200 ppb Cr) in broilers 

under normal rearing conditions significantly reduced heterophil:lymphocyte (H:L) ratio. 

Contradictory to all these findings and that of the present study, Kheiri and Toghyani 

(2009) reported that supplementing 400, 800, 1200 and 1600 ppb Cr as CrCl3 to broilers 

did not influence heterophil to lymphocyte ratio.  

The exact mechanism by which Cr enhances the immune system is not known. 

However, one of the consistent results of the studies was that Cr reduced plasma cortisol 

levels. Cortisol, the most important glucocorticoid, has been found to be 
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immunosuppressive, inhibiting the production and actions of antibodies, lymphocyte 

function, and leucocyte population (Munck et al., 1984). The number of heterophils 

increased in the blood of corticosterone (stress) fed chicks and hence the H:L ratio is 

reported to be a reliable index of stress response in broiler birds (Gross & Siegel, 1983). 

Reduction in H:L observed during the current study could be indicative of reduced 

corticosteroid levels  

Cr has also been proved to be having a role in improving cell mediated immune 

response by lymphocyte blastogenesis and improve proliferation of peripheral blood 

lymphocytes  in dairy cows (Burton et al., 1993; Chang et al., 1994; Chang et al. ,1996; 

Burton et al., 1996) and poultry (Rao et al., 2012; Rajalekshmi et al., 2014). Hence, the 

results of this study indicated that Cr in the form of Cr yeast and Nano Cr exhibits an 

anti-stress and immune modulation function. 

5.4 Blood mineral content 

The results of some mineral contents of blood viz., Cr, Zn, Mn, Fe and Cu in dual 

purpose chicken as affected by supplementation of Cr yeast and Nano Cr has been 

discussed in this section. 

 Cr content in blood was significantly more than the control in T3, T4 (Cr yeast, 

400 and 600 ppb), T7 and T8 (Nano Cr, 200 and 400 ppb). Zn levels in blood was non 

significantly more than the control group in all Nano Cr supplemented groups. Blood Zn 

concentration in T5 (Nano Cr, 50 ppb) was significantly more than that in control and also 

other Cr supplemented groups.. The concentrations of Mn, Fe and Cu was significantly 
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higher than the control in T6, T8 and T5, respectively. Between the two sources, Nano Cr 

was found to be better than Cr yeast for all the minerals studied.  

The results of the present study with respect to increase in blood Cr levels is in 

conformation with the findings of Hossain et al. (1998), who supplemented broilers with 

300 and 600 ppb Cr yeast and found that the Chromium concentration in serum was 

significantly increased in Cr yeast treated groups when compared to the control. This is 

further confirmed by the results of Ibrahim et al. (2010), wherein,  supplementation of 

different levels of Cr yeast (0.5, 12.0, 1.5 and 2.0 ppm) to broilers significantly increased 

plasma chromium levels.   

In the present study, Cr levels in blood in Nano Cr supplemented groups was 

higher than that in Cr yeast supplemented groups (T2 v/s T7 and T3 v/s T8). This has been 

in agreement with the results recorded by Zha et al. (2009), who comparatively assessed 

the effects of different forms of Cr (500 μg/kg), namely Cr nanocomposite (CrNano), Cr 

picolinate and Cr chloride on tissue chromium content in heat stressed broiler chicks and 

found that dietary addition of CrNano, Cr picolinate and CrCl3 resulted in significant 

increase in Cr content in serum and also reported that supplemental CrNano produced 

significant increments of Cr deposit in serum compared to Cr picolinate and Cr chloride.  

Further, similar study was conducted by Lin et al (2015), where, Cr in the form of 

chromium chloride (CrCl3), chromium picolinate (CrPic) and nanoparticle chromium 

picolinate (NanoCrPic) was fed to broilers at a 1200 μg/kg and found that NanoCrpic and 

CrPic groups showed significantly increased serum chromium concentration when 

compared with the control and CrCl3 groups, more so in NanoCrpic group.  The possible 
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reason for increased Cr levels in blood in Nano Cr supplemented group as against Cr 

yeast group might be that the Cr absorption when given in Nano Cr form is better 

bioavailable than Cr yeast (Lin et al. 2015).  

Increase in the levels of Zn and Cu in T5 as noticed in the present study is in 

agreement with Uyanik et al. (2002a), who found that supplementation of broiler chicks 

with 20, 40, or 80 mg/kg Cr as CrCl3 increased serum Cr, Ca, and Mg levels, slight but 

not significant increases in serum Zn and Cu levels. Sahin et al. (1999) reported that 

CrCl3 had no effect on Ca concentration, but increased serum and organ Zn, and 

decreased Cu concentrations in rabbits. Chang et al.(1992) found no effects of Cr on the 

tissue levels of Zn and increased Cu levels in the liver of steers. Anderson et al. (1997) 

found no effect of Cr supplementation in the tissue levels of Cu and Zn in pigs. These 

studies in comparision with the results of the present study suggest that the effect of 

supplementing Cr in feed on the serum levels of Zn and Mn are not clear and 

inconclusive. 

5.5 Immuno competence 

5.5.1 Antibody titers against NDV and IBDV 

The log2 HI titer against NDV was significantly higher (P≤0.05) in all Cr fortified 

diets fed groups when compared to the control group during both III and VIII weeks, 

except in T2 (Cr yeast, 200 ppb) during III week. Similarly, the antibody titer values 

against IBDV in all Cr supplemented groups was significantly higher (P≤0.05) than the 

control group both in III and VIII weeks, except in T5 (Nano Cr, 50ppb) fed group 

during VIII week. In all the above cases, Nano Cr was found to be significantly better 
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than Cr yeast except for IBDV titers at III weeks of age. The improvement in antibody 

titer against NDV by supplementing Nano Cr observed in the present study is in 

concurrence with the findings of Sirirat et al. (2012), who investigated the effects 

nanoparticles of chromium picolinate (NanoCrPic) at 500 and 3000 ppb  Cr levels on 

immunity parameters and reported that the antibody titer against Newcastle disease virus 

increased in 3000 ppb  NanoCrPic supplemented group. The positive response with Cr 

yeast recorded in this study has been supported by Lee et al. (2003), who reported 

significant increase in antibody titer against Newcastle disease virus and Infectious 

Bronchitis (IB) virus at 400 ppb Cr picolinate supplementation. Several other studies with 

organic forms of Cr viz., Cr picolinate, Cr methionine and Cr nicotinate  on immune 

response in broilers showing increased antibody titer against Newcastle disease virus are 

in supportive of the present study findings (Lee et al., 2003; Toghyani et al., 2007; 

Bhagat et al., 2008; Patil et al., 2008b; Singh et al., 2009; Nagheih et al., 2010; Bahrami 

et al., 2012; Ebrahimzadeh et al., 2012; Ghazi et al., 2012; Eze et al., 2014 and 

Rajalekshmi et al., 2014). However, there are no reported studies on effect of Cr on 

antibody response against IBDV. Bhagat et al. (2008) observed chromium picolinate to 

influence interferon-γmRNA expression in response to NDV in broiler birds and also 

observed that the dosage of chromium modulates the immune response. Uyanik et al. 

(2002a) found that supplementation of broiler chicks with 20, 40, or 80 mg/kg Cr as 

CrCl3 increased lymphocyte counts, total antibody, IgG, and IgM titers and increased the 

cell-mediated response to phytohemagglutinin. Increase in antibody production might be 

due to reduced cirtisol levels due to Cr action, which otherwise suppresses antibody 
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production and action in poultry (Munck et al., 1984; Ebrahimzadeh et al., 2012). 

Hence, it is clear that Cr has a definite role in humoral immune response. 

5.5.2 Lymphoid organs weight  

 The weight of spleen and bursa of Fabricius as per cent of body weight in dual 

purpose chicken was significantly more than the control in all Cr supplemented groups. 

The weight of thymus was significantly more in T3 (Cr yeast, 400 ppb), T4 (Cr yeast, 

600 ppb), T6 (Nano Cr, 100 ppb), T7 (Nano Cr, 200 ppb) and T8 when compared to the 

control group. These results are in conformation with the findings of Uyanik et al. 

(2002a), who found that supplementation of broiler chicks with 20, 40, or 80 mg/kg Cr as 

CrCl3 Chromium increased the ratio of bursa of Fabricius and liver to body weight. 

Similarly, the findings of the present study are in accordance with the results of Singh et 

al. (2009), who reported that supplementation of organic chromium (500 ppb/litre of 

water)  significantly increased antibody titre against ND virus, B cell proliferation and 

bursal weights. The influence of Cr yeast in increasing lymphoid organs weights is in 

agreement with Nagheih et al. (2010), who evaluated the effects of different forms of Cr 

viz., CrCl3, Cr yeast, Cr nicotinate and Cr methionine at 600 and 1200 ppb levels in 

broilers and recorded significant increase in spleen weight in 600 ppb CrCl3 group and 

bursa of Fabricius weight in 600 and 1200 ppb Cr yeast supplemented groups. In a 

similar study comparing Cr methinine and CrCl3 Ghazi et al. (2012) noted that, at 600 

and 1,200 ppb levels of Cr in heat stressed broilers  lymphocyte counts, CBH (cutaneous 

basophil hypersensitivity) response as well as relative weights of thymus and spleen were 

improved. Increase in the weights of lymphoid organs, viz., bursa of Fabricius, thymus 
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and spleen as observed in the present experiment could be further evidence that 

chromium exert a positive effect on the immune system. 

On contrary to the results of these studies and the present study, a few researchers 

reported that, in spite of improvement in the immune response (antibody titer against 

NDV and increased lymphocyte counts) due to dietary supplementation of Cr, there was 

no increase in the relative weights of lymphoid organs (Toghyani et al., 2007; Kheiri and 

Toghyani, 2009; Ibrahim et al., 2010; Bahrami et al., 2012; Ebrahimzadeh et al., 2012; 

Rajalekshmi et al., 2014). However, the disparity amongst various reports could be due to 

the differences in the form of Cr, dosage, route and the kind of bird or species. 

5.6 Carcass characteristics 

The effect of supplementing Cr yeast and Nano Cr on different carcass 

characteristics in dual purpose chicken was studied and the results of the same have been 

discussed in this section. 

5.6.1 Carcass yields and organ weights 

Different carcass yields and the internal organ weights as affected by the Cr 

supplementation were studied. The carcass yields viz., the defeathered weight, 

dressed weight and ready to cook yield as per cent of body weight  and giblets 

weights did not differ significantly in any of the Cr supplemented groups when 

compared to the control and also there existed no significance among the different Cr 

fortified groups. This shows that dietary Cr either in the form of Cr yeast or Nano Cr 

has no influence on the carcass yields and giblets weight. The results of the present 



245 

2
4
5
 

study is in accordance with Hossain et al. (1998), who supplemented broilers with 400 

pbb Cr yeast and found that the the carcass yield was not influenced by Cr yeast. The 

present study results are also in agreement with Debski et al. (2004), who found that 

supplementation of Cr yeast to broilers in an industrial farming system at 0.2 ppm level 

did not increase the carcass yield. Similarly, Anandhi et al. (2006) fed 250, 500 and 750 

ppb organic Cr to broilers and recorded no significant difference in eviscerated weight, 

ready-to-cook percentage and giblets weights between treatment. The findings of the 

current study are also in concurrence with the results of Al-Mashhadani et al. (2010), 

who studied the effects of supplementing 0.5, 1.0, 1.5 and 2.0 ppm Cr yeast in broilers 

and found that the yields of  carcass was not influenced by Cr in the diet. Similar to the 

findings of this study, Ibrahim et al. (2010) also found that Cr yeast (0.5, 1.0, 1.5 and 2.0 

mg/Kg) did not influence the per cent weights of liver, gizzard and heart in broilers. 

Mohammed et al. (2014) compared inorganic Cr and organic Cr (Cr yeast) at 0.5 ppm 

level in broilers and noticed that the dressing percentage and the yields of liver, heart, 

stomach and intestine were not influenced by either of the  sources of Cr, as noticed in 

the present study. Similar to the effect of Nano Cr as noticed in the present study, Sirirat 

et al. (2012) noted that nanoparticles of chromium picolinate (NanoCrPic) at 500 and 

3000 ppb  Cr levels did not influence carcass weight, dressing percentage, weights of 

liver, spleen and thigh. Research conducted on other organic forms of Cr  viz., Cr 

picolinate and Cr methionine also confirm the results recorded in this study (Toghyani et 

al., 2006; Jackson et al., 2008; Moeini et al., 2011; Ghanbari et al., 2012; Noori et al., 

2012; Rajalekshmi et al., 2014). Contrary to the findings of the present study, 

Kroliczewska et al. (2005) found that supplementation of broilers with 500 ppb Cr yeast 
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caused significant improvement in dressing percentage.  Similarly, Suksombat and  

Kanchanatawee (2005) supplemented broilers with two organic chromium products, 

chromium yeast and chromium picolinate and one inorganic product, chromium chloride 

at the rate of 200, 400 and 800 ppb and found that the carcass percentage of broilers 

receiving 200 and 400 ppb organic chromium (Cr-Yeast or Cr-Pic) was significantly 

increased. Likewise, Sahin et al. (2003) reported significant increase in live weight,  hot 

carcass weight,  chilled carcass weight,  hot dressed yield, chilled dressed yield, heart 

weight, liver weight, spleen weight and gizzard weight in  male broiler chicks upon 

supplementation with 400 ppb Cr as Cr picolinate. The present trial results are also in 

disagreement with the findings of Samanta et al. (2008), who supplemented heat stressed 

broilers with 0.5 or 1.0 ppm Cr as Cr picolinate and observed improved yield of carcass, 

breast, legs, wings, frame and giblets. Significant increase in carcass yield was also 

recorded by supplementing Cr methionine (Nagheih et al., 2010; Ebrahimzadeh et al., 

2013) and Cr nicotinate (Toghyani et al., 2012) in broilers. The lack of effect of Nano Cr 

on carcass yields as noticed in the present study is in disagreement with those reported by 

Zha et al. (2009), who assessed the effects of different forms of Cr (500 μg/kg), namely 

Cr nanocomposite (CrNano), Cr picolinate and Cr chloride on carcass characteristics in 

heat stressed broiler chicks and found that CrNano significantly increased eviscerated 

yield.  

Breast meat yield and thigh meat yield in dual purpose chicken increased 

significantly in all Cr supplemented group and the highest yield was recorded in T8 (Nano 

Cr, 400ppb). The response with different Cr levels was linear in both the sources and 

Nano Cr was found to be significantly better than Cr yeast. Abdominal fat significantly 
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and linearly reduced in all Cr treated groups when compared to the control group. The 

results of this study pertaining to supplementation of Cr yeast are in accordance with 

those reported by Debski et al. (2004), who found that supplementation of Cr yeast to 

broilers in an industrial farming system at 0.2 ppm level significantly increased pectoral 

muscle weight. Increased breast and thigh muscle yields and reduced abdominal fat 

content due to supplementation of Nano Cr as observed in the present study is in 

agreement with the results of Zha et al. (2009), who evaluated the effects of different 

forms of Cr (500 μg kg−1), namely Cr nanocomposite (CrNano), Cr picolinate and Cr 

chloride on carcass characteristics  in heat stressed broiler chicks and found that CrNano 

and  Cr picolinate significantly increased eviscerated yield, breast muscle and leg muscle 

yields and reduced abdominal fat content. Similar results were reported using other 

organic forms of Cr too. The reduction in the abdominal fat content as recorded in this 

study is in accordance with the findings of Sahin et al. (2003), who reported significant 

reduction in abdominal fat weight with 400 ppb Cr as Cr picolinate supplementation. The 

results of the present trial with respect to breast meat and thigh meat yield are in 

agreement with those reported by Samanta et al. (2008), who supplemented heat stressed 

broilers with 0.5 or 1.0 ppm Cr as Cr picolinate and observed improved yield of breast, 

legs, wings, frame and giblets  owing to Cr supplementation. The reduction in abdominal 

fat content and increase in breast and thigh meat yields as noticed in this trial is in 

concurrence with the reports of Noori et al. (2012), who recorded significant reduction in 

abdominal fat, increase in breast and leg weights of the broilers   supplemented with 200  

and 800 ppb Cr methionine. The increase in breast meat yield observed in the current 

study is in accordance with the results of Rao et al. (2012), who supplemented graded 
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concentrations (0, 100, 200, 300, or 400 μg/kg diet) of organic chromium (Cr-amino acid 

chelate) and found that relative breast mass increased linearly (P<0.01) with 

concentration of Cr in the diet, while, abdominal fat content was not affected by 

supplementing organic Cr.  Ebrahimzadeh et al. (2013) also recorded increased breast 

yield and thigh yield and reduced abdominal fat content in 400 and 800 ppb Cr 

methionine supplemented groups.  Increased breast meat yield noticed in the present 

study is also in conformation with the results of Rajalekshmi et al. (2014), who evaluated 

the effects of varying levels of Cr picolinate (100, 200, 400, 800, 1600 and 3200 ppb Cr) 

in broilers under normal rearing conditions and noticed that, with increased chromium 

dosage, the breast meat yield improved linearly. Whereas, abdominal fat was not 

influenced by Cr supplementation. 

Improved yields of breast meat and thigh meat in Cr supplemented groups could 

be attributed to the stimulating effect of protein synthesis by supplementation of Cr due 

to increased insulin action (Zha et al., 2009). The differing abilities of Nano Cr and Cr 

yeast to increase the breast and thigh meat yields may be due to their different 

bioavailabilities. At low insulin levels, glucose is converted into fat and stored in fat cells 

(Mertz, 1993). Cr is essential for lipid metabolism and stimulates insulin action, thus 

leading to a reduced abdominal fat pad (Ebrahimzadeh et al. 2013). However, 

contradictory to the results of the present study, few studies have reported that Cr 

supplementation do not influence breast and thigh meat yields and abdominal fat content. 

Kroliczewska et al. (2005) evaluated the performance of broilers supplemented with 300 

and 500 ppb Cr yeast and recorded significant improvement in dressing percentage in 500 

ppb Cr yeast group. However, breast muscle and leg muscle yield was unaffected by Cr 
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supplementation. Al-Mashhadani et al. (2010) studied the effects of supplementing 0.5, 

1.0, 1.5 and 2.0 ppm Cr yeast in broilers and found that the yields of carcass, thigh, breast 

and drumstick were not influenced by Cr in the diet. Ghanbari et al. (2012) found that 

supplementation of Cr picolinate at 400, 800, 1200, 1600 and 2000 ppb levels in broilers 

did not influence the yields of carcass, breast meat, thigh meat and abdominal fat. 

5.6.2 Organoleptic / Sensory evaluation 

 The effect of Cr yeast and Nano Cr on organoleptic parameters in dual purpose 

chicken viz., appearance, texture, aroma, tenderness, flavour and juiciness did not differ 

significantly among different treatment groups. The source effect was also insignificant. 

The findings of the present study are in conformity with those reported by Kroliczewska 

et al. (2005), who fed broilers with 300 and 500 ppb Cr yeast and recorded significant 

improvement in dressing percentage, while, the organoleptic evaluation of  breast and leg 

muscles viz., the colour, flavour, taste, tenderness and juiciness did not show any 

difference between different groups. There are no other published studies on the effect of 

supplementing Cr on organoleptic parameters. With the results of the present study and a 

similar findings of Kroliczewska et al. (2005), it may be concluded that dietary Cr has no 

role on sensory / organoleptic parameters of meat. 

5.7 Meat quality 

The protein content of breast meat and thigh meat significantly and linearly 

increased in all Cr supplemented groups with highest content in T8 (Nano Cr, 400ppb). 

The fat per cent and cholesterol content of breast and thigh meat significantly and linearly 

decreased than control in all Cr treated groups. In both protein and fat content in both 
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breast and thigh portions, Nano Cr was found to be better than Cr yeast. The results of the 

present study with respect to Cr yeast supplementation is in accordance with the findings 

of Debski et al. (2004),who found that supplementation of Cr yeast to broilers in an 

industrial farming system at 0.2 ppm level significantly decreased fat content of muscles 

and cholesterol content in pectoral muscles  and liver. Similarly, Al-Mashhadani et al. 

(2010) studied the effects of supplementing 0.5, 1.0, 1.5 and 2.0 ppm Cr yeast on broiler 

meat quality and found that the protein percentage of breast and thigh meat significantly 

increased and the fat percentage of breast and thigh meat significantly reduced at all 

levels of Cr. The present study results are also in concurrence with the results reported by 

Ibrahim et al. (2010),who fed different levels of Cr yeast (0.5, 1.0, 1.5 and 2.0 mg/Kg) to 

broilers and recorded significant increase in  protein percentage of breast and thigh meat 

and significant reduction in fat percentage of breast and thigh meat.   

Supplementing other organic forms of Cr also produced similar effects noticed in 

the present trial as reported by several researchers. Anandhi et al. (2006) supplemented 

250, 500 and 750 ppb organic Cr to broilers and found that the thigh meat and breast 

meat protein increased and  cholesterol content of thigh meat and breast meat reduced 

significantly in the Cr treated groups. Whereas, the fat content of thigh meat and breast 

meat was not influenced by Cr. Samanta et al. (2008) supplemented heat stressed broilers 

with 0.5 or 1.0 ppm Cr as Cr picolinate and observed significant improvement in protein 

accretion and reduction in fat content of meat.   

Increased protein content and reduced fat and cholesterol content in breast and 

thigh meat due to supplementation of Nano Cr as recorded in the present study is in 
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agreement with the results of Zha et al. (2009), who assessed the effects different forms 

of Cr (500 μg/kg), namely Cr nanocomposite (CrNano), Cr picolinate and Cr chloride on 

breast meat quality  in heat stressed broiler chicks and found that supplementation of 

CrNano significantly increased the protein contents in breast and thigh muscles, lowered 

the cholesterol contents in breast and thigh muscles and decreased  the fat content in 

thigh muscles. 

The present investigation revealed that dietary supplementation of Cr yeast or 

Nano Cr increased meat protein content with a simultaneous reduction in the fat and 

cholesterol content.  Significant increase in muscle protein content may be attributed to 

the stimulating effect of protein synthesis by dietary Cr (Lien et al., 1999), which acts as 

a cofactor of insulin, promoting insulin activity and enhancing the amino acid uptake into 

muscular cells for protein synthesis (Chen et al., 2001). Reduction in fat and cholesterol 

content in muscles due to Cr supplementation suggests the role of Cr in both lipid and 

cholesterol metabolism (Debski et al., 2004). Decreased cholesterol might be due to an 

increase in the hepatic accumulation: release ratio of cholesterol and /or a decreased 

transfer of these compounds to the muscles. The lower level of circulating cholesterol in 

the serum as noticed in this study corresponds to this statement. 

On contrary to the observations of the present study, very few researchers noticed 

lack of effect of Cr on protein content of meat and / or fat content of meat. Kroliczewska 

et al. (2005) supplemented broilers with 300 and 500 ppb Cr yeast and found that the 

crude protein, crude fiber, ash and pH of breast and leg muscles were unaffected by Cr 

supplementation. Whereas, the cholesterol content of breast and leg muscles was 
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significantly reduced. Toghyani et al. (2010) found that supplementation of broilers with 

200, 400, 800 and 1200 ppb Cr in the form of Cr yeast did not affect the moisture, protein 

and fat content of thigh meat.  

5.8 Chromium levels in tissues 

The Cr content in the tissues viz., breast meat, thigh meat and liver increased with 

supplementation of Cr yeast and Nano Cr. The results of the present study are in 

conformation with the findings of Hossain et al. (1998), who  supplemented broilers with 

300 and 600 ppb Cr yeast and found that the Chromium concentration in breast meat, 

liver and serum were significantly increased in Cr yeast treated groups when compared to 

the control. Similarly Debski et al. (2004) found that supplementation of Cr yeast to 

broilers in an industrial farming system at 0.2 ppm level significantly increased Cr 

content in pectoral muscles. The findings of the current study are also in agreement with 

the results reported by Ibrahim et al. (2010), who fed different levels of Cr yeast (0.5, 

12.0, 1.5 and 2.0 ppm) to broilers and found that the chromium levels in  liver, muscle 

and  plasma was significantly increased with Cr supplementation.  Similar to the results 

observed in the present study pertaining to Nano Cr supplementation, Zha et al. (2009) 

comparatively assessed the effects of different forms of Cr (500 μg/kg), namely Cr 

nanocomposite (CrNano), Cr picolinate and Cr chloride on tissue chromium content in 

heat stressed broiler chicks and found that CrNano, Cr picolinate and CrCl3 resulted in 

significant increase in Cr content in serum, liver, kidney, breast and thigh muscles. 

Supplemental CrNano produced significant increments of Cr deposit in serum and all 

tissues when compared to Cr picolinate and Cr chloride. Sirirat et al. (2012) investigated 

the effects of different levels of nanoparticles of chromium picolinate (NanoCrPic) at 500 
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and 3000 ppb Cr levels on the effect on liver mineral content of Cr, Cu, Zn, Fe, Mn, Ca 

and P and recorded significantly increased content of   Cr, Ca and P in the livers of the 

groups receiving  500 and 3000 ppb  Cr levels.  

In the present study, dietary addition of Nano Cr resulted in significant increments 

of Cr in breast meat, thigh meat and liver compared with the Cr yeast. This is similar to 

the previous investigation of Nano Cr in broilers (Zha et al., 2009), rats (Zha et al., 2007) 

and swine (Wang and Xu, 2004), wherein Nano Cr was found to produce higher tissue Cr 

levels than Cr picolinate or CrCl3 which implicates that Nano form of Cr may be a more 

bioavailable source of Cr than other organic or inorganic source.  

5.9 Chromium retention (Bioavailability of chromium) 

Retention per cent of Cr in dual purpose chicken fed with Cr yeast and Nano Cr 

was significantly more than the control group and the response with different levels was 

linear in both the sources. The source effect was significant with Nano Cr showing 

significantly higher retention percentage than Cr yeast. Very few works have been 

published on bioavailability of Cr. The results of the present study are in accordance with 

Sirirat et al. (2012), who investigated the effects of different levels of nanoparticles of 

chromium picolinate (NanoCrPic) at 500 and 3000 ppb Cr levels on the effect on mineral 

retention ratios of Cr, Cu, Zn, Fe, Mn, Ca and P and recorded significantly increased 

retention ratios of Cr, Zn, Fe, Mn, Ca and P in groups receiving 500 and 3000 ppb Cr 

levels. The retention ratio of Cr was 19.86 per cent at 500 ppb and 24.03 per cent at 3000 

ppb Cr levels. The findings of the present study are in similarity with those of Lin et al. 

(2015), who conducted a study to investigate the effect of dietary supplementation of 
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1200 ppb Cr as chromium chloride (CrCl3), chromium picolinate (CrPic) and 

nanoparticle chromium picolinate (NanoCrPic) on chromium utilization in broilers and 

the results indicated that the Cr utilization was highest in NanoCrPic group (34.14 %), 

followed by CrPic (17.16 %) and CrCl3 groups (5.03 %). Similarly, Lien et al. (2009) 

reported that rats receiving nanoparticle CrPic (300 μg/kg) showed increased Cr 

digestibility and significantly increased serum Cr level, as compared with those receiving 

Cr Picolinate. This is further confirmed by the in vitro work of Zha et al. (2008), wherein, 

Caco-2 cell monolayer model was used to screen particles’ permeability and 

identification of intestinal transporters and found that nanoparticle chromium 

significantly increased absorption. The digestion process is to degrade large particles into 

small ones, so that the particles can pass through the intestinal mucosa for absorption. 

The particle size of nano minerals is less than 100 nm and in addition, the surface area of 

nanosize minerals increase approximately 1250 times, as compared with macrosize 

minerals (Rajendran, 2013). Thus, reducing the paricle size of minerals to nanoscale may 

increase the absorption and utilization of the same. Hence, with these findings, it may be 

concluded that chromium after nanoparticle formulation could enhance the absorption 

and retention when compared to other organic forms of Cr (Cr yeast). 

5.10 Survivability 

The per cent survivability in dual purpose chicken as influenced by the 

supplementation of Cr yeast and Nano Cr was statistically non significant among 

different treatment groups and the source effect was also not significant. Survivability 

ranged from 96 per cent to 98 per cent. However, contradictory to the result of the present 

study, Debski et al. (2004) found that supplementation of Cr yeast to broilers in an 

http://onlinelibrary.wiley.com/doi/10.1111/jpn.12215/full#jpn12215-bib-0013
http://onlinelibrary.wiley.com/doi/10.1111/jpn.12215/full#jpn12215-bib-0031
http://onlinelibrary.wiley.com/doi/10.1111/jpn.12215/full#jpn12215-bib-0020
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industrial farming system at 0.2 ppm level significantly reduced mortality percentage in 

Cr supplemented group when compared to the control. 

5.11 Feed cost economics 

The cost of feed per kg BWG in dual purpose chicken supplemented with Cr 

yeast and Nano Cr did not differ significantly among different treatment groups. The 

feed cost per kg BWG takes into account the feed intake and cumulative BWG at the 

end of eight weeks (feed efficiency) and also the cost of the feed including the cost of 

chromium. The feed efficiency was not significant among different treatment groups. 

The feed cost of different treatment diets also did not differ much, the reason being that 

the amount of Cr added to the diets was in minute quantity (ppb levels) to make much 

difference in the cost. Among the two sources, viz., Cr yeast and Nano Cr, the cost of 

Nano Cr was four times that of Cr yeast (Nano Cr product – Rs. 1000 per Kg; Cr yeast 

product – Rs. 250 per Kg). However, the feed cost was not much different between the 

diets using these two sources because, the conentration of Cr in these products was 

different and Cr concentration in Nano Cr product was 3.3 times more than that in the 

Cr yeast product (Nano Cr product: 10,000 ppm Cr; Cr yeast product: 3000 ppm Cr). 

Hence, the quantity of the Nano Cr product to be added to the treatment diets to meet 

the Cr levels was lower than Cr yeast.  

The feed cost per unit (ppb) of Cr deposition in thigh meat, breast meat and liver 

was significantly lower than the control in all Cr supplemented groups. The feed cost 

per ppb Cr in thigh meat among the Cr supplemented diets was significantly lower in 

Nano Cr supplemented groups than Cr yeast supplemented groups. The cost of feed to 
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deposit one ppb Cr in breast meat among Cr treated groups was significantly lower in 

T3, T4, T6, T7 and T8 than T2 and T5. Similarly, in liver, the feed cost to deposit one ppb 

Cr was significantly lower in T4, T7 and T8 than in other Cr supplemented groups. The 

assessment of feed cost per unit deposition of Cr in tissues (thigh meat, breast meat and 

liver) takes into consideration the feed cost and the amount of Cr deposited in these 

tissues. Since the feed cost of different Cr fortified diets was not much different, the 

feed cost per unit Cr deposition solely depends on the concentration of Cr in theses 

tissues. More the deposition of Cr in the tissue, less will be the feed cost to enrich them 

with Cr. Hence, in this study, the results indicate clearly that the cost of feed to deposit 

unit ppb of Cr was lower in the diets fortified with higher concentration of Cr. In thigh 

meat, the lower feed cost to deposit one ppb Cr in Nano Cr supplemented groups than 

Cr yeast groups suggest that the Cr levels in  thigh meat was higher in Nano Cr group 

than Cr yeast group, further implying that Nano Cr is more bioavailabe than Cr yeast.   
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Experiment II: To study the effect of supplementation of Chromium yeast and 

Nano chromium on the egg production and egg quality in dual 

purpose birds during peak production. 

The results of the trial conducted to evaluate the effect of Chromium yeast and 

Nano chromium on egg production, feed efficiency, egg quality, serum biochemical 

parameters, chromium concentration in eggs and survivability in dual purpose birds 

during peak production have been discussed in this section under the following 

headings. 

5.12 Egg production 

 The hen housed egg production (HHEP %) and hen day egg production (HDEP 

%) as influenced by supplementing Cr yeast and Nano Cr during three phases of peak 

production viz., phase I (28 to 32 weeks), phase II (33 to 36 week) and phase III (37 to 

40 weeks) was statistically significant among different treatment groups.  

During phase I and phase III, HHEP and HDEP were significantly higher in T4 

(Cr yeast, 600 ppb), T5, T6, T7 and T8 (Nano Cr, 50, 100, 200 and 400 ppb) when 

compared to the control. In II phase, HHEP and HDEP were significantly more in all Cr 

treated groups than control. In all the three phases for both HHEP and HDEP, the 

response with different Cr levels was linear. Also, the source effect in all these cases 

was statistically significant except for HHEP during II phase and Nano Cr produced 

significantly higher egg production than Cr yeast. The results of the present study are in 

agreement with the findings of Hanafy (2011), who  conducted a study  to assess the 

effects of organic chromium supplementation (Cr yeast) at  0, 250, 500, 1000 and 1500 
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ppb chromium levels on productive traits  of Bandarah laying hens of 32 weeks age and 

the results indicated that Cr significantly improved egg production. Rajendran et al. 

(2012) conducted an experiment for a period of 4 weeks to study the stress relieving 

effect of chromium supplementation on egg production performance in Newcastle disease 

(ND) affected laying hens of 33 weeks age. The birds were supplemented with chromium 

chloride, organochromium enriched yeast (OCEY), chromium yeast or chromium 

picolinate at 200 ppb level. Weekly average egg production was maximum in laying hens 

supplemented with yeast followed by chromium picolinate and OCEY groups.  In a 

similar experiment, Rajendran et al. (2014)  supplemented New Castles disease affected 

layers (33 weeks old) with 300 ppb Cr in the form of chromium chloride, chromium yeast 

or chromium picolinate for six weeks and noticed that average egg production was 

significantly high in the control group (unaffected by ND) followed by Cr yeast 

supplemented group (affected by ND). Several studies have been conducted to show that 

Cr picolinate supplementation to layers improved egg production (Sahin et al., 2001; 

Sahin and  Sahin 2001; Sahin et al., 2002b; Sahin et al., 2002c; Abdallah et al., 2013). 

The possible reason for improved egg production with Cr supplementation may be the 

stress in birds during peak production, which possibly would have been reduced by Cr 

leading to increased production. 

Contrary to the results of the present study, Piva et al. (2003) found that 

supplementing different forms of Cr viz., chromium chloride (CrCl3), chromium yeast 

and chromium aminoniacinate in layers at a final concentration of 0.14, 21.11, and 

131.51 g/kg, respectively for a short period (5 weeks) did not improve egg production. 

Similarly, Du et al. (2005) evaluated the effects of feeding yeast chromium (0, 400 and 
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600 μg/kg) to laying hens for seven weeks and observed that daily per cent lay, mean egg 

weight and egg mass/day were not affected by Cr in the diet. The results of the present 

study are also in disagreement with the findings of Eseceli et al. (2010), who observed 

that supplementation of Cr yeast to 40 weeks age layers at 150ppb Cr concentration did 

not affect live weight and egg production. The findings of the current study are in 

disparity with the results of Sirirat et al. (2013), who studied the effects of various levels 

of nanoparticles chromium picolinate (0, 500, 3000 ppb  Cr ) on performance of seventy-

week old post-molt laying hens and found that  there was no significant effects on body 

weight and egg production of layers. The results of this trial are also in disagreement with 

the results of Lien et al. (2004), who evaluated the effect of Cr picolinate (0, 800 and 

1600 mg/kg) on egg production  in forty five weeks old White Leghorn layers and 

recorded lack of effect of Cr on egg production.  

5.13 Feed efficiency 

The feed efficiency (Kgs of feed consumed /dozen eggs) in dual purpose chicken 

during three phases of peak egg production viz., phase I (28 to 32 weeks), phase II (33 

to 36 week) and phase III (37 to 40 weeks) as affected by supplemetation of Cr yeast 

and Nano Cr was significantly different (P≤0.05) among the treatment groups in all the 

three phases. During phase I and II, feed efficiency significantly and linearly improved 

in all Cr treated groups than the control. In phase III, feed efficiency improved 

significantly and linearly than the control in T4 (Cr yeast, 600 ppb), T5, T6, T7 and T8 

(Nano Cr, 50, 100, 200 and 400 ppb). The effect of source was significant in phase I 

and II wherein Nano Cr was found to be better than Cr yeast. 
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The findings of the present study are in conformation with that of Eseceli et al. 

(2010), who observed that supplementation of Cr yeast to 40 weeks age layers till 47 

weeks at 150 ppb Cr concentration decreased feed consumption by 1.9 per cent and 

improved feed efficiency by 3.5 per cent. The present study findings are also in 

consensus with the results of Rajendran et al. (2012), who conducted an experiment for a 

period of 4 weeks to study the stress relieving effect of chromium supplementation on 

production performance in Newcastle disease affected laying hens of 33 weeks age. The 

birds were supplemented with chromium chloride, organochromium enriched yeast 

(OCEY), chromium yeast or chromium picolinate at 200 ppb level. No significant 

difference was observed in feed intake, while feed efficiency was improved in all Cr fed 

groups compared to the control. Some studies with Cr picolinate have also been shown to 

produce similar results. The results recorded are also in accordance with the findings of 

Sahin and  Sahin (2001), who supplemented three levels of chromium picolinate (200, 

400, or 800 μg/kg of diet) to 32 week-old laying hens at low ambient temperature (6.2°C) 

and recorded significant improvement in feed efficiency, while feed intake was 

unaffected by Cr supplementation. Similarly, Sahin et al. (2002b) supplemented 400 ppb 

chromium picolinate to layers of 32 weeks age at low ambient temperature and found that 

supplemental chromium improved feed efficiency. Feed intake was not statistically 

different from that of the control group. Similar to the findings of the current trial, 

Mathivanan and Selvaraj (2003) found that supplementation of layers with 250. 500 and 

750 mg of chromium piconalate per kilogram of feed with basal diet for 12 weeks 

significantly reduced the feed consumption and improved the feed efficiency with 500 

mg chromium supplementation. Similar results as that observed in this study were 
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recorded by Abdallah et al. (2013), who supplemented  40 weeks age  laying hens with 0 

(control), 200, 400, 600 and 800 µg of Cr/kg of diet as Chromium Picolinate and 

recorded  improved feed conversion, while  feed consumption was not affected.   

The findings of few studies are in disagreement with those observed in this study. 

Du et al. (2005) evaluated the effects of adding yeast chromium (0, 400 and 600 μg/kg) 

in laying hens for 7 weeks and observed that feed consumption and feed per egg were not 

affected by supplementing Cr in the diet. The findings of the present trial are also in 

disparity with the results of Sirirat et al. (2013), who studied the effects of various levels 

of nanoparticles chromium picolinate (0, 500, 3000 ppb Cr) on performance of seventy-

week old post-molt laying hens and observed that there was no significant effects on 

body weight, feed intake, feed efficiency and egg production of layers.  

The difference in the response to Cr supplementation in various trials may be 

possibly because of difference in the bird strain, Cr source, Cr dosage, age of the bird, 

production level and the amount of stress involved.   

5.14 Egg quality characteristics 

5.14.1 Egg metric parameters 

The results of supplementing Cr yeast and Nano Cr on egg metric parameters 

viz., egg weight, shape index, albumen index, yolk index, Haugh unit, albumen per cent, 

yolk per cent, shell per cent and shell thickness of eggs collected during 32
nd

, 36
th

 and 

40
th

 
 
week age in dual purpose chicken have been discussed in the following sections. 
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5.14.1.1 Egg weight 

Egg weight during 32
nd

 week increased significantly in T4 (Cr yeast, 600 ppb), 

T6, T7 and T8 (Nano Cr 100, 200 and 400 ppb) when compared to the control. During 

36
th

 and 40
th

 weeks, significant increase in egg weight than the control was recorded in 

T3 (200 ppb Cr yeast), T4, T6, T7 and T8. This clearly shows that egg weight increased 

by supplementing Cr yeast at levels more than 200 ppb and Nano Cr at levels above 100 

ppb. 

The results of the present study are in accordance with Hanafy (2011), who  

conducted a study  to assess the effects of organic chromium supplementation (Cr yeast) 

at  0 (Control), 250, 500, 1000 and 1500 ppb chromium levels on egg quality traits  of 

Bandarah laying hens of 32 weeks age and recorded  significantly improved egg weight 

with Cr supplementation. Improved egg weight with supplementation of Cr picolinate 

was recorded in few studies. Similar results were recorded by Sahin and  Sahin (2001), 

who supplemented three levels of chromium picolinate (200, 400, or 800 μg/kg of diet) to 

32 week-old laying hens at low ambient temperature (6.2°C) and recorded significant 

improvement in egg weight. The results of the present study are also in concurrence with 

the findings of Sahin et al. (2002b), who supplemented 400 ppb chromium picolinate to 

layers of 32 weeks age at low ambient temperature and found that supplemental 

chromium increased egg weight.  

The findings of the present study are in disagreement with those of Piva et al. 

(2003), who evaluated the effects of supplementing different forms of Cr viz., CrCl3, 

chromium yeast and chromium aminoniacinate in layers at a final concentration of 0.14, 
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21.11, and 131.51 g/kg, respectively for a short period of 5 weeks and found that egg 

weight was not improved by supplementing Cr. Similarly, Eseceli et al. (2010) observed 

that supplementation of Cr yeast to 40 weeks age layers at 150 ppb Cr concentration did 

not affect egg weight. The results of this study pertaining to Nano Cr are in contradictory 

to those reported by Sirirat et al. (2013), who studied the effects of various levels of 

nanoparticles chromium picolinate (0, 500, 3000 ppb  Cr ) on performance of seventy-

week old post-molt laying hens and found that  no effect on egg weight was noticed 

among the Cr treated groups. Lack of effect of Cr picolinate on egg weight was reported 

by Mathivanan and Selvaraj (2003); Lien et al. (2004); Ma et al. (2014) and Torki et al. 

(2014).     

5.14.1.2 Shape Index 

During 32
nd

 week, the shape index did not differ significantly from the control in 

any of the Cr supplemented groups. However, the shape index in T5 and T7 were 

significantly lower than T8. Shape index during 36
th

 and 40
th

 weeks did not differ 

significantly among different treatment groups. With these results, it may be concluded 

that dietary Cr supplementation either in the form of Cr yeast or Nano Cr do not influence 

the shape index. These findings are in concurrence with those of Eseceli et al. (2010), 

who observed that supplementation of Cr yeast to 40 weeks age layers at 150 ppb Cr 

concentration did not affect shape index. Similar results were observed by 

Mathivanan and Selvaraj (2003), who found that supplementation of layers with 250. 500 

and 750 ppb chromium picolinate for 12 weeks did not affect egg quality parameters 

including shape index. The current study findings are also in agreement with the results 

of Usha and  Palod (2009), who found that supplementation of chromium picolinate (240 

http://www.cabdirect.org/search.html?q=au%3A%22Usha%22
http://www.cabdirect.org/search.html?q=au%3A%22Jyoti+Palod%22
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and 480 ppb Cr) to 40 weeks age layers did not affect Shape index. Similar results were 

also recorded by Abdallah et al. (2013), wherein, supplementation of 40 weeks age  

laying hens with 0 (control), 200, 400, 600 and 800 µg of Cr/kg of diet as Chromium 

Picolinate produced no significant differences in egg shape index. 

5.14.1.3 Albumen Index 

During 32
nd

 week, albumen index was statistically similar to the control in all Cr 

treated groups, except that it was significantly lower than control in T6 (Nano Cr, 100 

ppb).  During 36
th

 and 40
th

 weeks, albumen index was significantly and linearly increased 

more than the control in T4 (Cr yeast, 600 ppb), T7 and T8 (Nano Cr, 200 and 400 ppb). 

This clearly indicates that albumen index significantly increased in the highest level of Cr 

yeast and 200 and 400 ppb levels of Nano Cr only after eight weeks of the feeding trial.  

5.14.1.4 Yolk Index 

The yolk index during 32
nd

 week significantly and linearly reduced than control in 

T6, T7 and T8. However, during 36
th

 and 40
th

 weeks, the yolk index was not significant 

among different treatment groups. In 32
nd

 and 36
th

 weeks, the source effect was 

significant with Nano Cr producing lower yolk index values.  

 The results pertaining to albumen and yolk index recorded in this study are in 

concurrence with those of Eseceli et al. (2010), who observed that supplementation of Cr 

yeast to 40 weeks age layers at 150 ppb Cr concentration significantly increased albumen 

index and yolk index. Similarly, Hanafy (2011)  conducted a study  to assess the effects 

of organic chromium supplementation (Cr yeast) at 0, 250, 500, 1000 and 1500 ppb 
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chromium levels on egg quality traits  of Bandarah laying hens of 32 weeks age and 

found that  Cr significantly improved yolk index and albumen index. Similar results were 

observed by Sirirat et al. (2013), who studied the effects of various levels of 

nanoparticles chromium picolinate (0, 500, 3000 ppb  Cr ) on performance of seventy-

week old post-molt laying hens and noticed  significant increase in albumen index and 

yolk index in Cr supplemented groups after 60 days of feeding trial. However, in the 

present study yolk index was not affected.  

Improved albumen index observed in the current study are in concurrence with 

Jensen et al. (1978), who reported that Cr
+3

 had a favorable effect on albumen quality and 

suggested that this element may be necessary to maintain the physical state of albumen.  

 Contradictory to increased albumen index as noticed in the present study, few 

trials showed lack of effect of Cr (as Cr picolinate) on albumen and yolk index. 

Mathivanan and Selvaraj (2003) found that supplementation of layers with 250. 500 and 

750 ppb of chromium picolinate 12 weeks did not affect albumen index and yolk index. 

Similarly, Usha and Palod (2009) also recorded lack of effect of chromium picolinate 

(240 and 480 ppb Cr) on albumen index and yolk index in 40 weeks age layers. The 

present study findings are also in disagreement with the results of Ma et al. (2014), 

wherein, supplementation of chromium propionate (0, 200, 400, and 600 μg/kg 

chromium) in late-phase laying hens did not affect albumen index and yolk index values.   

5.14.1.5 Haugh unit 

Haugh unit (HU) during 32
nd

 week was statistically similar to the control in all Cr 

supplemented groups, except in T8, which was significantly lower than control. In 36
th

 

http://www.cabdirect.org/search.html?q=au%3A%22Usha%22
http://www.cabdirect.org/search.html?q=au%3A%22Jyoti+Palod%22
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week, HU was significantly higher in all Cr treated groups except in T5 (Nano Cr, 50 

ppb). HU during 40
th

 week was significantly higher in T4 (Cr yeast, 600 ppb), T7 and T8 

(Nano Cr, 200 and 400 ppb) than the control group. This shows that HU was increased 

due to Cr supplementation and the effect was noticed at the end of eighth week of the 

trial.  

 The findings of the present study are in concurrence with that of Hanafy (2011), 

who  supplemented (Cr yeast) at  0 (Control), 250, 500, 1000 and 1500 ppb chromium 

levels to Bandarah laying hens of 32 weeks age and found that Haugh unit was 

significantly improved.  Similarly Sirirat et al. (2013) studied the effects of various levels 

of nanoparticles chromium picolinate (0, 500, 3000 ppb Cr) on performance of seventy-

week old post-molt laying hens and recorded   significant increase in the Haugh unit. 

Trials using Cr picolinate also have shown increased HU score. Increase in HU was also 

reported by Sahin et al. (2002b) with supplementation of layers of 32 weeks age at low 

ambient temperature with 400 ppb chromium picolinate. The present trial findings are 

also in concurrence with the results of Mathivanan and Selvaraj (2003), who found that 

supplementation of layers with 250. 500 and 750 ppb chromium picolinate for 12 weeks 

improved the Haugh unit significantly. Improved Haugh unit was also reported by Usha 

and Palod (2009) with supplementation of chromium picolinate (240 and 480 ppb Cr) to 

40 weeks age layers.   

Haugh unit is the index of the height of the thick albumen to the egg weight 

(Haugh, 1937) and HU has been widely accepted in research and industry as the objective 

measurement of albumen quality (Oliver and Boyd, 1968). Jensen et al. (1978) reported 

that Cr
+3

 had a favorable effect on albumen quality and suggested that this element may 

http://www.cabdirect.org/search.html?q=au%3A%22Usha%22
http://www.cabdirect.org/search.html?q=au%3A%22Jyoti+Palod%22
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be necessary to maintain the physical state of albumen.  Hossain (1998) suggested that 

the possible mechanisms by which Cr could work to maintain egg albumen quality are: 

(1) as a structural component of egg albumen or in the cross linking of proteins, (2) Cr is 

necessary for the synthesis of ovomucin which is responsible for gel structure of 

albumen, and (3) facilitate transfer of cations (possibly magnesium) into the albumen of 

eggs during the plumping process in the uterus. 

Contrary to the above findings, results of few studies show lack of effect of Cr on 

HU. Piva et al. (2003) evaluated the effects of supplementing CrCl3, chromium yeast and 

chromium aminoniacinate in layers at 0.14, 21.11, and 131.51 g kg−1 levels, respectively 

for 5 weeks and noticed that Haugh unit score was unaffected by Cr. Likewise, Eseceli et 

al. (2010) observed that supplementation of Cr yeast to 40 weeks age layers at 150ppb Cr 

concentration did not affect Haugh unit score.  Few other researchers reported the lack of 

effect of Cr using Cr picolinate on HU (Ma et al., 2014; Torki et al., 2014). 

5.14.1.6 Albumen per cent 

Albumen per cent during 36
th

 week was significantly higher than control in all Cr 

treated groups except in T5 (Nano Cr, 50 ppb). In the 40
th

 week, the percentage of 

albumen significantly increased in T4 (Cr yeast, 600 ppb), T6, T7 and T8 (Nano Cr, 100, 

200 and 400 ppb). These results further confirm that Cr has a definite role in improving 

the albumen quality. 

The present study results are in agreement with the findings of Hanafy (2011), 

who supplemented organic chromium (Cr yeast) at 250, 500, 1000 and 1500 ppb 

chromium levels to Bandarah laying hens of 32 weeks age and recorded  significant 
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improvement in percentage of albumen.  On contrary to these results, Piva et al. (2003) 

found that supplementation of different forms of Cr viz., CrCl3, chromium yeast and 

chromium aminoniacinate in layers at 0.14, 21.11, and 131.51 g/kg, respectively for five 

weeks did not affect albumen weight. The results observed in the present trial are in 

disagreement with the findings of Sirirat et al. (2013), who studied the effects of various 

levels of nanoparticles chromium picolinate (0, 500, 3000 ppb Cr) on performance of 

seventy-week old post-molt laying hens and recorded lack of effect of Cr on albumen 

weight at 30 days and 60 days of the trial.  

5.14.1.7 Yolk per cent 

Yolk per cent during 36
th

 week significantly reduced than the control in all Cr 

treated groups except in T5 and T6. In 40
th

 week, yolk per cent reduced significantly in T4 

and T8 when compared to the control. The response for reducing yolk per cent in both the 

sources was linear in both 36
th

 and 40
th

 weeks.  

The decrease in egg yolk percentage may due to the decrease in egg yolk 

cholesterol content (Hanafy, 2011). Nichols et al. (1963) reported direct relationship 

between yolk weight and yolk content.  

The results of the present study is in accordance with the findings of Hanafy 

(2011), wherein, supplementation of Cr yeast at  250, 500, 1000 and 1500 ppb chromium 

levels to  Bandarah laying hens of 32 weeks age significantly reduced yolk per cent while 

albumen per cent was increased. Similarly, Sirirat et al. (2013) recorded significant 

reduction in yolk weight at 60 days of the trail in seventy-week old post-molt laying hens 

fed with 0, 500, 3000 ppb Cr levels from nanoparticles chromium picolinate, while 



269 

2
6
9
 

albumen weight remained unaffected. However, conflicting with these results, Abdallah 

et al. (2013) noticed that supplementation of 40 weeks age  laying hens with 200, 400, 

600 and 800 µg of Cr/kg of diet as  Chromium Picolinate significantly increased egg yolk 

per cent, and yolk index as dietary chromium picolinate levels increased, while, albumen 

per cent was similar to the control.  

5.14.1.8 Shell per cent 

Shell per cent during 36
th

 week significantly reduced when compared to the 

control in all Cr treated groups except in T2 and in all Cr supplemented groups during 

40
th

 week. The reponse was linear in both the sources with different levels during 36
th

 

and 40
th

 weeks.  

The results of the present study are in concurrence with the findings of Sirirat et 

al. (2013), who studied the effects of various levels of nanoparticles chromium picolinate 

(0, 500, 3000 ppb Cr) on performance of seventy-week old post-molt laying hens and 

recorded significant reduction in egg shell ratio at 60 days of the trial. However, the 

present study results are contrary to the findings of Piva et al. (2003), wherein 

supplementation of different forms of Cr viz., CrCl3, chromium yeast and chromium 

aminoniacinate in layers at 0.14, 21.11 and 131.51 g/kg, respectively did not significantly 

affect egg shell weight.  Similarly, Abdallah et al. (2013) observed lack of effect of 

Chromium Picolinate on shell weight in 40 weeks age laying hens.  

On contrary, few researchers observed significant increase in egg shell per cent 

due to supplementation of Cr yeast (Hanafy, 2011) or Cr picolinate (Sahin and  Sahin, 

2001; Sahin et al., 2002b; Sahin et al., 2002c)  
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5.14.1.9 Shell thickness  

Shell thickness during 32
nd

 and 40
th

 week was not statistically significant among 

different treatment groups. In 36
th

 week, compared to the control, shell thickness was 

significantly lower in T4 (Cr yeast, 600 ppb), T6, T7 and T8 (Nano Cr, 100, 200 and 400 

ppb). Since the shell thickness in 32
nd

 and 40
th

 weeks was similar in all groups, the 

reduction of shell thickness as observed in 36
th

 week may be considered as a transitory 

effect.  The results recorded in this study are in conformity with those recorded by 

Eseceli et al. (2010), wherein,  supplementation of Cr yeast to 40 weeks age layers at 150 

ppb Cr concentration did not affect shell thickness.  Likewise, Rajendran et al. (2012) 

recorded lack of effect of feeding chromium chloride, organochromium enriched yeast 

(OCEY), chromium yeast or chromium picolinate at 200 ppb level for a period of 4 

weeks on egg shell thickness in Newcastle disease (ND) affected laying hens of 33 weeks 

age. Lack of improvement in shell thickness was also reported by Sirirat et al. (2013) 

with supplementation of various levels of nanoparticles chromium picolinate (0, 500, 

3000 ppb Cr) to seventy-week old post-molt laying hens for 60 days.  However, the 

results of some reported studies are in disagreement with the findings of the present 

study. Hanafy (2011) supplemented Cr yeast at 250, 500, 1000 and 1500 ppb chromium 

levels to Bandarah laying hens of 32 weeks age and found that shell thickness was 

significantly improved in Cr yeast supplemented groups. Few studies are also in 

disagreement with the results of the present studies who recorded improvement in shell 

thickness using Cr picolinate (Sahin and  Sahin, 2001; Sahin et al., 2002b; Sahin et al., 

2002c;  Ma et al., 2014; Torki et al., 2014). 
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5.14.2 Total fat content of egg yolk 

The total fat content in egg yolk of dual purpose chicken supplemented with Cr 

yeast and Nano Cr significantly reduced in all Cr supplemented groups when compared 

to the control. The reduction in fat content in egg yolk may be due to the role of Cr in fat 

metabolisim. McNamara and Valdez (2005) suggested that the effect of chromium on 

lipid metabolism may be due to the mechanism in which chromium increases the 

synthesis of fat in the adipose tissue and decreases the release of it. This might be acting 

through increased glucose flux into the adiposities.  

Till date, there are very limited studies published pertaining to effect of Cr on egg 

yolk content. These results are in accordance with the reports of Usha and  Palod 

(2009),who found that supplementation of chromium picolinate (240 and 480 ppb Cr) to 

40 weeks age layers decreased fat content of egg and increased protein content of egg due 

to chromium picolinate supplementation. However, Kim et al. (1997) noticed that 

supplementation of chromium picolinate (0, 200, 400, 800 ppb chromium) to brown 

layers did not significantly affect Ether extract content of eggs, while protein content of 

yolk increased significantly with 800 ppb chromium picolinate supplementation.  

5.14.3 Total cholesterol content of egg  

Supplementation of Cr yeast and Nano Cr to dual purpose birds during peak 

production resulted in significant reduction in egg yolk cholesterol content in all Cr 

treated groups when compared to the control. Also, the response was linear in both the Cr 

sources for reduction in egg yolk cholesterol content.  

Liver is the key organ of yolk and cholesterol synthesis in laying hens. The 

possible mechanism of reduction of yolk cholesterol by Cr may be that chromium 

http://www.cabdirect.org/search.html?q=au%3A%22Usha%22
http://www.cabdirect.org/search.html?q=au%3A%22Jyoti+Palod%22


272 

2
7
2
 

improves the conversion of acetyl CoA, decreasing the formation of cholesterol and 

chromium increases the activity of Lecithin Cholesterol Acyltransferase (LCAT), 

accelerating cholesterol esterification and excretion (Lien et al., 1998; Lien et al., 2003) 

 Most of the studies conducted to evaluate the effect of Cr on egg yolk cholesterol 

authenticate the results of the present study.  Du et al. (2005) evaluated the effects of 

adding yeast chromium (0, 400 and 600 μg/kg) on lipid metabolism of laying hens for 

seven weeks and observed that Cr resulted in significant decrease of yolk total 

cholesterol. The current study results are in conformity with the findings of Eseceli et al. 

(2010), who observed that supplementation of Cr yeast to 40 weeks age layers at 150 ppb 

Cr concentration significantly reduced egg yolk cholesterol levels. Similarly, Rajendran 

et al. (2012) found that supplementing layers of 33 weeks age with chromium chloride, 

organochromium enriched yeast (OCEY), chromium yeast or chromium picolinate at 200 

ppb level resulted in significant reduction in egg cholesterol levels by supplementation of 

OCEY and chromium yeast followed by chromium picolinate. Reduced egg yolk 

cholesterol content was also recorded by supplementation of layers with Cr picolinate 

(Lien et al., 2003; Lien et al., 2004; Jing et al., 2009). In disparity with these results, 

Torki et al. (2014) observed that supplementation of 200 and 400 ppb of chromium as 

chromium picolinate in heat-stressed laying hens from 66 to 74 weeks of age had no 

significant effect on the egg yolk cholesterol content.  

5.15 Chromium levels in egg 

The Cr levels in the yolks of eggs collected on 32
nd

, 36
th

 and 40
th

 week age in dual 

purpose chicken as influenced by supplementation of Cr yeast and Nano Cr was 

significantly higher than the control group at all the three stages in all Cr supplemented 
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groups except during 32
nd

 week, wherein, egg Cr level in T2 was comparable with the 

control. The response in all three stages in both the Cr sources was linear for increasing 

Cr level. 

The results of the present study are in agreement with the findings of Sahin et. al. 

(2004), who fed quails with Cr picolinate (600 ppb) and biotin and recorded significant 

and linear increase in egg Cr content. Concurrent to the results of the present study, 

Sirirat et al. (2013) supplemented nanoparticles chromium picolinate (0, 500, 3000 ppb  

Cr ) to seventy-week old post-molt laying hens and recorded non significant increase in 

Cr content of egg yolk in  nano-chromium supplemented groups.  Conversely, Piva et al. 

(2003) evaluated the effects of chromium chloride (CrCl3), chromium yeast and 

chromium aminoniacinate in layers at 0.14, 21.11, and 131.51 g/kg, respectively for a 

short period (5 weeks) and found that chromium content in the yolk did not increase 

regardless of the chromium source. Likewise, lack of increase in egg yolk Cr levels was 

reported by Eseceli et al. (2010) with supplementation of Cr yeast to 40 weeks age layers 

at 150 ppb Cr concentration. The disparity in the results pertaining to the egg yolk Cr 

levels in various studies may be due to difference in the age of the birds, Cr source, Cr 

levels in the basal diet and duration of the feeding trial.   

5.16 Blood biochemical parameters 

The results of supplementing Cr yeast and Nano Cr on serum biochemical 

parameters viz., glucose, cholesterol, triglycerides, total protein, albumin and globulin 

contents on 40
th

 week age in dual purpose chicken have been discussed in this section. 

The concentration of triglycerides and albumen in serum did not differ significantly 
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among different treatment groups. Serum glucose level significantly reduced in T3, T4 (Cr 

yeast, 400 and 600 ppb), T6, T7 and T8 (Nano Cr, 100, 200 and 400 ppb) than the control. 

Cholesterol level in serum reduced significantly in T3, T4, T7 and T8. Serum total protein 

and globulin levels significantly increased than control in T7 and T8.  

These effects are attributed to the Cr which potentiates the action of insulin. 

Insulin regulates the metabolism of carbohydrate, fat, and protein stimulating glucose 

utilization (Sahin et al. 2002b). This explains the reduction in blood glucose levels in Cr 

supplemented groups. The positive effects of chromium on plasma protein and its 

fractions may be attributed to the anabolic action of insulin mediated through increasing 

the amino acid synthesis by the liver and enhancing the incorporation of several amino 

acids into protein (Uyanik et al.  2002b). The effect of chromium on lipid metabolism 

may be due to the mechanism in which chromium increases the synthesis of fat in the 

adipose tissue and decreases the release of it. This might be acting through increased 

glucose flux into the adiposities McNamara and Valdez (2005). 

The present study results are in accordance with the findings of Hanafy (2011), 

who supplemented Cr yeast at 0, 250, 500, 1000 and 1500 ppb chromium levels on serum 

biochemical parameters of Bandarah laying hens of 32 weeks age and the results 

indicated that Cr significantly increased serum levels of total protein, globulin and 

decreased serum levels of glucose, corticosterone and cholesterol.  Serum albumin values 

were not significantly affected in all Cr supplementation groups compared with control. 

The results of the current study are in partial conformation with Du et al. (2005), who 

evaluated the effects of adding yeast chromium (0, 400 and 600 μg/kg) on lipid 
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metabolism of laying hens for seven weeks and observed that Cr resulted in significant 

decrease in the serum levels of triaclyglycerol, total cholesterol, free fatty acids, LDL 

cholesterol, while, HDL cholesterol reduced significantly and serum glucose was 

unaffected by Cr in the diet. Supplementation of layers with Cr picolinate also produced 

significantly lower serum concentrations of glucose and total cholesterol and significantly 

higher serum concentrations of albumin and total protein (Abdallah et al. 2013; Torki et 

al. 2014). 

5.17 Survivability  

The survivability of dual purpose birds during the laying stage from 28
th

  to 40
th

  

weeks age as affected by supplementation of Cr yeast and Nano Cr was statistically non 

significant among different treatment groups. However, the present study results are in 

disparity with the findings of Rajendran et al. (2014), who  supplemented New Castles 

disease affected layers with 300 ppb Cr in the form of chromium chloride, chromium 

yeast or chromium picolinate for six weeks and noticed organic chromium 

supplementation (chromium yeast and chromium picolinate) reduced the mortality 

significantly in laying birds. 

5.18 Feed cost economics 

The feed cost to produce one egg and to deposit one ppb Cr in egg differed 

significantly among different treatment groups and it was significantly lower than the 

control in all Cr treated groups. The cost of the feed per egg takes into account the 

amount of feed consumed, cost of the feed and also the total number of eggs produced 

during the trial period. The cost of the feed was not much different among different 
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treatment diets. However, the egg production significantly increased and feed efficiency 

was significantly better in Cr supplemented groups when compared to the control. The 

same trend has reflected in the feed cost per egg. Among the Cr treated groups, the feed 

cost per egg produced was statistically similar between T4, T5, T6, T7 and T8 and also it 

was noticed that Nano Cr group had significantly lower feed cost per egg than Cr yeast 

group. The results of the present study are in acoordance with the findings of Rajendran 

et al. (2014), who supplemented New Castles disease affected layers with 300 ppb Cr in 

the form of chromium chloride, chromium yeast or chromium picolinate for six weeks 

and noticed that the net income and return on investment was high in chromium yeast 

than the chromium picolinate supplemented groups. 

The feed cost per unit (ppb) of Cr deposition in the egg was significantly lower 

than the control in all Cr supplemented groups. Among the Cr supplemented groups, the 

feed cost per unit Cr in feed was significantly higher in T3, T4, T7 and T8 i.e., in all 

higher levels of Cr supplemented groups. The assessment of feed cost per unit 

deposition of Cr in egg takes into consideration the feed cost and the amount of Cr 

deposited in the eggs. Since the feed cost of different Cr fortified diets was not much 

different, the feed cost per unit Cr deposition is directly proportional to the 

concentration of Cr in the eggs. Hence, the results of the present study indicate clearly 

that the cost of feed to deposit unit ppb of Cr in egg was lower in the diets fortified with 

higher concentration of Cr, which correspondingly increased the levels of Cr in eggs.  



 

 
SUMMARY 



VI. SUMMARY 

Two biological trials were conducted at the Department of Poultry Science, 

Veterinary College, Hebbal, Bangalore, to study the effect of supplementation of 

Chromium yeast and Nano chromium on the growth performance and meat quality in 

Trial I in dual purpose chicken and egg production and egg quality in dual purpose 

birds during peak production in Trail II. In Trial I, 800 day old straight run dual 

purpose chicks (Giriraja) were randomly assigned to eight treatment groups with five 

replicates in each group having 100 chicks in each treatment and the chicks were reared 

till eight weeks of age. In Trial II, 576  dual purpose layer birds (Giriraja) of 28 weeks 

age were randomly assigned to eight groups with four replicates in each group, having 18 

birds in each replicate (72 birds per treatment) and the trial ended at 40 weeks of age. 

Basal diet (Control diet, T1) was formulated according to NRC (1994) 

specifications. To the basal diet, Chromium Yeast was added to contain 200 ppb, 400 

ppb and 600 ppb levels of chromium to form T2, T3 and T4, respectively and Nano 

Chromium was added to contain 50 ppb, 100 ppb, 200 ppb and 400 ppb levels of 

chromium to form T5, T6, T7 and T8 respectively. All the procedures with regard to the 

management and care of birds and the procedures followed during both the trials were 

approved by the Animal Ethical Committee of the university (KVAFSU, Bidar, 

Karnataka). 

In the Trial I, growth performance, carcass characteristics, meat quality, 

hemato-biochemical parameters, mineral concentration in the serum and tissues, Cr 

bioavailability and survivability were studied. 
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The cumulative body weight differed significantly (P≤0.05) among the 

treatment groups during I, II, III and VIII weeks with significantly highest body 

weights were recorded in T2 in I week, T7 in II and III weeks. Cumulative body 

weight in VIII week was not significantly different in any of the Cr supplemented 

groups compared to the control. The source effect was significant in II and III week. 

Feed consumption was significantly lower in T2 in I week and T4 and T5 in the III 

week than the control. The feed consumption in other weeks was not statistically 

significant among different treatment groups. Feed conversion ratio (FCR) was 

significantly different in I, II and III weeks. During I week, superior FCR was 

recorded in T2. In II and III week, FCR significantly and linearly reduced in Cr 

supplemented groups with superior FCR in T7 in II week and T4 and T5 in III week.  

 The serum levels of total protein, albumin and globulin significantly and 

linearly reduced in all Cr supplemented groups when compared to the control, 

suggesting the role of Cr on protein metabolism. Significantly higher levels of total 

protein and globulin were recorded in T4 and T8, while, the highest albumin 

concentration in the serum was recorded in T8. The serum levels of triglycerides and 

cholesterol significantly and linearly reduced in all Cr supplemented groups with the 

lowest levels in T8. Reduction in triglycerides and cholesterol in the Cr treated groups 

suggests positive role of Cr on lipid metabolism. Similarly serum glucose levels 

significantly and linearly reduced in all Cr supplemented groups confirming the role 

of Cr in potentiating the action of insulin, since Cr is an integral component of the 

glucose tolerance factor (GTF). The lowest serum glucose level was recorded in T8.  The 

concentration of liver enzymes viz, SGOT and SGPT in the serum was not significantly 
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different in different treatment groups indicating that supplementation of dual purpose 

chicken with Cr either in the form of Cr yeast or Nano Cr did not adversely affect the 

liver function.  The effect of source was not significant in any of the serum biochemical 

parameters studied. 

 The concentration of Hb (%) in the blood of dual purpose chicken supplemented 

with Cr yeast and Nano Cr was significantly higher in T4, T7 and T8 compared to the 

control. The response for increase in Hb per cent was linear in both the sources. The 

levels of PCV, ESR, TEC, MCV, MCH and MCHC did not differ significantly in the Cr 

supplemented groups from that of the control. The serum TC increased significantly and 

linearly in T4, T6, T7 and T8, with highest level recorded in T4, which was statistically 

similar to T8. The platelets, monocyte, basophils and eosinophil counts did not differ 

significantly among different treatment groups. The heterophil counts and heterolphil to 

lymphocyte ratio significantly reduced in T3, T4, T6, T7 and T8 compared to the control 

group, with the lowest level recorded in T8. The lymphocyte counts in the blood 

significantly increased in T3, T4, T7 and T8, revalidating the fact that Cr has a role in 

improving cell mediated immune response by lymphocyte blastogenesis and improve 

proliferation of peripheral blood lymphocytes.  The response for increase in lymphocyte 

counts and reduction in heteophils and H/L ratio was linear in both the Cr sources, though 

the source effect remained statistically insignificant. 

 The Cr content in blood was significantly (P≤0.05) and linearly higher than the 

control group in T3, T4, T7 and T8 and was highest in T4. Zn level in blood in T5 was 

significantly higher (P≤0.05) than the control, T2, T3 and T4. The Mn content in blood 
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was highest in T6, which was significantly higher than control, T2, T3 and T4. The 

highest blood Fe content was recorded in T8 which was the only Cr supplemented 

group to be significantly different from the control. The blood Cu level was highest in 

T5 and was significantly higher than control and T2. The source effect was not 

significant for Cr and Fe levels in blood, while for Zn, Mn and Cu levels, Nano Cr was 

significantly better than the Cr yeast.  

The log2 HI titer against NDV was significantly and linearly (P≤0.05) 

increased in all Cr supplemented groups when compared to the control group during 

both III and VIII week, except in T2 during III week. Similarly, the antibody titer 

values against IBDV in all Cr supplemented groups was significantly linearly increased 

(P≤0.05) than that in the control group both in III and VIII weeks, except in T5 during 

VIII week. This suggests a definite role of Cr in immunity. The highest titer against 

both NDV and IBDV was recorded in T8 in both the weeks. Nano Cr produced 

significantly higher titers than Cr yeast against NDV in III week and against IBDV in 

both the weeks.  

 The weights of lymphoid organs viz., Spleen and bursa of Fabricius significantly 

and linearly increased in all Cr supplemented groups than the control, while the weight of 

thymus increased significantly and linearly in T3, T4, T6, T7 and T8 than the control, 

further validating the positive role of Cr in immune function.  

The carcass yields viz., Defeathered weight (%), dressed weight (%), ready to 

cook yield (%), liver, heart and gizzard weights as percentage of live weight remained 

non significant (P≤0.05) among different treatment groups. The percentages of breast 
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meat and thigh meat significantly and linearly (P≤0.05) increased in all Cr supplemented 

groups than the control group, attributing to the stimulating effect of protein synthesis by 

supplementation of Cr due to increased insulin action. In both breast meat and thigh meat 

yield, Nano Cr was found to be significantly better than Cr yeast. Abdominal fat per cent 

reduced significantly and linearly (P≤0.05) in all Cr supplemented groups when 

compared with the control group. Lowest abdominal fat content was recorded in T8.  

The sensory evaluation scores showed that supplementation of Cr yeast and 

Nano Cr to dual purpose chicken did not have significant influence on appearance, 

texture, aroma, tenderness, flavour and juiciness.  

The protein content in thigh meat and breast meat significantly and linearly 

increased in all Cr supplemented groups than in the control group. Highest protein 

percentage in both thigh meat and breast meat was recorded in T8. The fat content in 

thigh meat and breast meat significantly and linearly reduced (P≤0.05) in all Cr 

supplemented groups when compared with the control and was least in T8 among all 

treatment groups. The source effect for meat protein and fat per cent was significant 

and Nano Cr was significantly better than Cr yeast in increasing protein per cent and 

reducing fat per cent in both breast meat and thigh meat. Similarly, the cholesterol 

content in thigh meat and breast meat significantly and linearly reduced (P≤0.05) in all 

Cr supplemented groups when compared with the control and was least in T8.  

Supplementation of Cr in the form of Cr yeast and Nano Cr  in dual purpose 

chicken significantly and linearly increased (P≤0.05) Cr content in thigh meat, breast 

meat and liver when compared to the control group and the Cr concentration highest 
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in T8 in all the three tissues. The source effect was significant only for thigh meat Cr 

content and Nano Cr was found to produce significantly higher Cr levels than Cr 

yeast.  

Retention of Cr (%) ranged from 8.87 per cent in control to 36.83 per cent in 

T8. Cr retention per cent significantly and linearly (P≤0.05) increased in different 

dietary treatment groups supplemented with Cr compared to the control, except in T2. 

Nano Cr produced significantly higher Cr retention per cent than Cr yeast suggesting 

that Nano form of Cr is more bio available than Cr yeast.  

The influence of dietary supplementation of Cr yeast and Nano Cr on 

survivability of dual purpose chicken was not statistically significant among treatment 

groups. 

The feed cost per Kg BWG was not significantly different among different 

treatment groups, however, the feed cost per unit Cr deposition in tissues was 

significantly lower in all Cr supplemeted groups and more so in groups which had more 

deposition of Cr in tissues. 

In the Trial II, egg production, feed efficiency, egg quality, serum biochemical 

parameters, chromium concentration in eggs and survivability in dual purpose birds 

during peak production were studied.  

During phase I (28 to 32 weeks), phase II (33 to 36 week) and phase III (37 to 40 

weeks), both HHEP and HDEP percentages significantly and linearly (P≤0.05) 

increased in all Cr supplemented groups when compared to the control except in phase I 
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and phase II, wherein, both HHEP and HDEP in T2 and T3 were statistically similar to 

the control group, suggesting a positive role of Cr on peak egg production. The highest 

HHEP and HDEP were recorded in T8 in phase I and II and in T7 in phase II. The effect 

of source was significant in all the three phases for HHEP and HDEP except for HHEP 

in phase II and Nano Cr was found to be significantly better than Cr yeast in improving 

egg production. 

The feed efficiency (Kgs of feed consumed /dozen eggs produced) in dual 

purpose chicken during phase I, phase II and phase III improved significantly and 

linearly (P≤0.05)  in all Cr supplemented groups when compared to the control group, 

except in phase III, wherein, T2 and T3 had feed efficiency comparable with the control. 

Nano Cr was found to be significantly better in improving feed efficiency than Cr yeast 

in phase I and III.  

The egg weight significantly (P≤0.05) increased when compared to the control 

in T4, T6, T7 and T8 in 32
nd

 week and in T3, T4, T6, T7 and T8 in 36
th

 and 40
th

 week of 

age. Shape index was not significantly different in Cr treated groups than the control. 

Albumen index reduced in T6 significantly than the control in 32
nd

 week. During 36
th

 

and 40
th

 week, albumen index significantly and linearly increased in T4, T7 and T8 when 

compared to the control. Yolk index significantly reduced in T6, T7 and T8 in 

32ndweek, whereas, the yolk index was not significant among different treatment 

groups in 36
th

 and 40
th

 week. 

Haugh unit improved significantly (P≤0.05) than the control in all Cr 

supplemented groups in 36
th

 week except in T5 and in T4, T7 and T8 in 40
th

 week. 
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Albumen per cent and yolk per cent was not significant among different groups in 32
nd

 

week. Albumen per cent increased significantly than control in all Cr supplemented 

groups except T5 in 36
th

 week and in T4, T6, T7 and T8 in 40
th

 week, suggesting a role of 

Cr in maintaining albumen quality. Yolk per cent in 36
th

 week reduced significantly than 

the control in all Cr treated groups except in T5 and T6 and in 40
th

 week, yolk per cent 

reduced significantly in T4 and T8 when compared to the control group. 

Shell per cent in 36
th

 and 40
th

 week reduced significantly and linearly (P≤0.05) in 

all Cr supplemented groups except in T2 in 36
th

 week. The lowest shell per cent was 

recorded in T7 and T4 in 36
th

 and 40
th

 week, respectively. Shell thickness did not differ 

significantly among different groups in 32
nd

 and 40
th

 week. However, in 36
th

 week, shell 

thickness significantly reduced in T4, T6, T7 and T8 than the control and the lowest was 

recorded in T7. 

The cholesterol and fat content of egg yolk significantly and linearly (P≤0.05) 

reduced in all Cr supplemented groups and the lowest levels were noticed in T8. The Cr 

content in the eggs collected in 32
nd

 and 36
th

 and 40
th

 week significantly and linearly 

increased in all Cr supplemented groups than the control, except in T2 in 32
nd

 week. The 

highest level of Cr was recorded in T4 in 32
nd

 week and in T8 in 36
th

 and 40
th

 weeks. 

Similar to the findings of the trial I, the serum glucose levels significantly and 

linearly reduced in all Cr supplemented groups, except in T2 and T5. The lowest serum 

glucose concentration was recorded in T8. Similarly, the serum cholesterol concentration 

significantly and linearly reduced in all Cr treated groups, except in T2, T5 and T6 and the 

lowest level was noticed in T4. Serum levels of triglycerides and albumin was not 
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significant among different treatment groups. The total protein and globulin levels in 

serum significantly increased in T7 and T8 than the control group.  

The survivability of dual purpose birds during peak production fed with Cr yeast 

or Nano Cr did not significantly influence the survivability. The feed cost per egg 

produced and also the feed cost per ppb of Cr deposition in egg was significantly lower in 

all Cr supplemented groups and was proportional to the egg production and Cr deposition 

in the eggs.  

CONCLUSION 

1. Supplementation of Cr yeast and Nano Cr to dual purpose chicken though improved 

the body weight and feed efficiency in the initial stages, the improvement was not 

consistent over all the weeks. The cumulative body weight, cumulative feed intake 

and feed efficiency at the end of VIII week were not significantly improved by 

supplementation of either of the Cr sources. 

2.  Supplementation of Cr yeast and Nano Cr reduced serum levels of cholesterol, 

triglycerides, glucose and increased total protein, albumin and globulin levels and 

also Hb per cent in blood. 

3. Cr supplementation in the form of Cr yeast and Nano Cr increased lymphocyte counts 

in blood, increased lymphoid organs weight and antibody titers against NDV and 

IBDV, suggesting a strong role of Cr in immunity. 
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4. Cr supplementation improved the meat quality by increasing protein content, 

reducing fat and cholesterol content, hence is an added advantage from the consumer 

point of view. 

5. Cr retention was better with Nano Cr supplementation than Cr yeast and hence could 

be deduced that Nano Cr is better bio available than Cr yeast. 

6. Supplementation of Cr yeast and Nano Cr in layers improved egg production and feed 

efficiency during peak production suggestive of its beneficial role during stress. 

7. Cr supplementation improved egg weight and egg quality, reduced cholesterol and fat 

content of egg. 

8. Supplementation of Cr increased concentration of Cr in meat, liver and eggs (Cr 

enrichment), which could be used as functional food by Type 2 diabetes patients. 

However, enrichment of Cr in eggs needs to be validated further. 

9. The cost of feed of different treatment groups was not much different since the levels 

of Cr incorporated to the diets was very less. With not much increase in the additional 

cost on Cr source and with improvement in egg production and enrichment of tissues 

and eggs with Cr, the feed cost per egg produced and also the feed cost per unit of Cr 

deposited in tissues and eggs was significantly lower.  

10. Cr could be used in poultry diets to improve meat quality, egg quality, immune status, 

increase egg production, egg weight and Cr retention in meat and eggs. Particularly, it 

would be more beneficial at the time of stress and disease out breaks, to improve 

immune response and reduce mortality. 
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11. Based on the results of the present study, it could be recommended that the optimum 

level of Cr to be supplemented in the poultry diet to improve immunity is 600 ppb Cr 

yeast and 200 ppb Nano Cr, to improve egg production is 400 ppb Cr yeast and 50 

ppb Nano Cr, reduce cholesterol and fat content in egg is 600 ppb Cr yeast and 400 

ppb Nano Cr. Improvement in meat quality, increase in egg weight and  Cr 

enrichment in tissues was maximum with 400 ppb Cr yeast and the same response 

was achieved with 200 ppb Nano Cr. 

12. In most of the parameters studied, the response observed with 600 ppb Cr yeast 

supplementation was acheived with 400 ppb Nano Cr, implying that Nano Cr is 

effective at lower levels when compared to the Cr yeast. Further, in the event of feed 

cost being increased significantly due to addition of Cr product, it would be 

economically beneficial to use Nano Cr than Cr yeast, since the desired effect would 

be achieved with 200 ppb less Cr in Nano Cr product. 



 

 
BIBLIOGRAPHY 



VII. BIBLIOGRAPHY 

A.O.A.C, 2000. Official Methods of Analysis of AOAC International 18
th

 Edn. Nitrogen 

in Meat. Kjeldahl Method. Gathersburg, MD. 928.08 

A.O.A.C, 2006. Official Methods of Analysis of AOAC International 18
th

 Edn. Fat 

(Crude) in Meat and Meat Products.  Gathersburg, MD. 991.36 

A.O.A.C,  2012. Official Methods of Analysis of AOAC International 19
th

 Edn. Vol. I., 

Minearl salts in animal feeds: Preparation of sample solutions. Edt. Dr. 

George. W. Latimer Jr. pp: 60-61. 

ABDALLAH, E.A., SAMAD, M.H.A. and LATIF, A.M.A., 2013.  Effect of 

supplementing diet with chromium picolinate on productive, reproductive, 

physiological.  Performance and immune response of golden montazah chickens.  

Egypt. Poult. Sci., 33: 751-767 

ABRAHAM, A.S., SONNENBLICK, M. and EINI, M., 1982a. The effect of chromium 

on cholesterol induced atherosclerosis in rabbits. Atherosclerosis., 41: 371–379 

ABRAHAM, A.S., SONNENBLICK, M. and EINI, M., 1982b. The action of chromium 

on serum lipids and on atherosclerosis in cholesterol-fed rabbits. Atherosclerosis., 

42: 185–195 

AHMAD, F., JAVED, M.T., SANDHU, M.A. and KAUSAR, R., 2004. Effects of higher 

levels of chromium and copper on broiler health and performance during the peak 

tropical summer season. Vet. Arhiv 74: 395-408 

AKBARI, M. and TORKI, M., 2014. Effects of dietary chromium picolinate and 

peppermint essential oil on growth performance and blood biochemical 

parameters of broiler chicks reared under heat stress conditions. Int. J. 

Biometeorol., 58: 1383–1391 



289 

2
8
9
 

AL-BANDR, L.K., IBRAHIM, D. K. and AL-MASHHADANI, E.H., 2010. Effect of 

supplementing different sources of chromium to diet on some physiological traits 

of broiler chickens. Egypt. Poult. Sci., 30: 397-413 

ALLAN, W.H., and GOUGH, R.E., 1974. A standard haemagglutinition inhibition test 

for Newcastle disease. A comparision of macro and micro methods. Vet. Rec., 95: 

120-123  

AL-MASHHADANI, E.H., IBRAHIM, D.K. and AL-BANDR, L.K., 2010. Effect of 

supplementing different levels of chromium yeast to diet on broiler chickens 

performance. International J. Poult. Sci., 9: 376-381 

AL-SAIADY, M.Y., AL-SHAIKH, M.A., AL-MUFARREJ, S.I., AL- SHOWEIMI, T.A., 

MOGAWER, H.H. and DIRRAR, A., 2004.  Effect of chelated chromium 

supplementation on lactation performance and blood parameters of Holstein cows 

under heat stress. Anim. Feed Sci. Technol., 117: 223–233 

AMATYA, J.L., HALDAR, S. and GHOSH, T.K., 2005. In vitro uptake of chromium 

from inorganic and organic sources across everted intestinal sacs of poultry. 

Indian J. Anim. Sci., 75: 680-684 

ANANDHI , M., MATHIVANAN, R., VISWANATHAN, K. and MOHAN, B., 2006. 

Dietary inclusion of organic chromium on production and carcass characteristics 

of broilers. International J.  Poult. Sci., 5: 880-884 

ANDERSON, R.A., BRANTNER, J.H. and POLANSKY, M.M., 1978. An improved 

assay for biologically active chromium in food samples and in animal tissues. J. 

Agric. Food Chem., 26: 1219– 1222 

ANDERSON, R.A., POLANSKY, M.M., BRYDEN, N.A., PETTERSON, K.Y., 

VEILLON, C. and GLINSMANN, R., 1983. Effect of chromium supplementation 

on urinary Cr excretion of human subjects and correlation of Cr excretion with 

selected clinical parameters. J. Nutr., 113: 276-281 



290 

2
9
0
 

ANDERSON, R.A., 1987. Chromium in trace elements in human and animal nutrition. 

Edt. Mertz, W. Edn. 5
th

., Academic Press, Inc., New York.,  pp 225–244 

ANDERSON, R.A., BRYDEN, N.A., POLANSKY, M.M. and REISER, S., 1990. 

Urinary chromium excretion and insulinogenic properties of carbohydrates. Am. J. 

Clin. Nutr., 51: 864–868 

ANDERSON, R.A., BRYDEN, N.A. and POLANSKY, M.M., 1992. Dietary chromium 

intake. Freely chosen diets, institutional diets and individual foods. Biol. Trace 

Elem. Res., 32: 117-121 

ANDERSON, R A., 1994. Stress effects on chromium nutrition of humans and farm 

animals. In: Proceedings of Alltech’s 10
th

 Annual Symposium, Biotechnology in 

the Feed Industry.,  Edt. Lyons, P., Jacques, K.A., Nottingham University Press, 

UK., pp 267–274 

ANDERSON, R.A., 1995. Chromium, glucose tolerance, and lipid metabolism. J. Adv. 

Med., 8: 37-50 

ANDERSON, R.A., BRYDEN, N.A., POLANSKY. M.M. and GAUTSCHI, K., 1996a. 

Dietary chromium effects on tissue chromium concentrations and chromium 

absorption in rats. J. Trace Elem. Exp.Med., 9: 11–25 

ANDERSON, R., CHENG, N., BRYDEN, N., POLANSKY, M., CHENG, N., CHI, J. 

and FENG, J., 1996b. Beneficial effects of chromium for people with type II 

diabetes. Diabetes., 45: 124A 

ANDERSON, R.A., 1997. Nutritional factors influencing the glucose/insulin system: 

Chromium. J. American College Nutr., 16: 404–410 

ANDERSON, R.A., BRYDEN, N.A., EVOCK-CLOVER, C.M., and STEELE, N.C., 

1997. Beneficial effects of chromium on glucose and lipid variables in control and 

somatotropin treated pigs are associated with increased tissue chromium and 

altered tissue copper, iron and zinc. J. Anim. Sci., 75: 657–661  



291 

2
9
1
 

ANI, M. and MOSHTAGHIE, A.A., 1992. The effect of chromium on parameters related 

to iron metabolism. Biol Trace Elem Res., 32: 57-64 

ARUN, C.S. and TUSHAR, L., 1994. Avian haematology and its practice. Poult. 

Adviser., 27(12) 

ASMATULLAH., ASMA, A., LATIF, A. and SHAKOORI, A.R., 1999. Effect of 

hexavalent chromium on egg laying capacity, hatchability of eggs, thickness of 

egg shell and post-hatching development of Gallus domesticus. Asian-Aust. J. 

Anim. Sci., 12: 944-950 

BAHRAMI, A., MOEINI, M.M., GHAZI, S.H. and TARGHIBI, M.R., 2012. The effect 

of different levels of organic and inorganic chromium supplementation on 

immune function of  broiler chicken under heat-stress conditions. J. Appl. Poult. 

Res., 21: 209–215 

BAJRAKTARI, I.D., HALILI, F.M., GASHI, A.M., MAXHUNI, M., BISLIMI, K. and  

FETAHU, S., 2008. The effects of chromium (VI) and vitamin C on the 

frequency of micronucleated erythrocytes in Hybro chicken. The faseb j., 22: 897 

BAKHIET, A.O.  and ELBADWI, S.M.A., 2007. Effects of dietary chromium 

supplementation on the performance and some serum parameters in Bovans-type 

chicks. J. Pharm. Toxicol., 2: 402-406 

BARCELOUX, D.G., 1999. Chromium. Clinical Toxicol., 37: 173–194 

BHAGAT, J., AHMED, K.A., TYAGI, P., SAXENA, M. and SAXENA, V.K., 2008. 

Effects of supplemental chromium on interferon-gamma (IFN-γ) mRNA 

expression in response to Newcastle disease vaccine in broiler chicken. Res. Vet. 

Sci., 85: 46–51 

BOREL, J.S. and ANDERSON, R.A., 1984. Chromium in biochemistry of the essential 

ultratrace elements, Edt. Frieden, E., Plenum Press., New York, pp 175–199 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=1375087
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moshtaghie%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=1375087
http://www.ncbi.nlm.nih.gov/pubmed/1375087


292 

2
9
2
 

BROCK, J.H., 1985. Transferrins. In: Metalloproteins Edt. Harrison, P. M., vol. 2, 

MacMillan publishers., London,  pp  183–262 

BURTON, J.L., MALLARD, B.A. and MOWAT, D.N., 1993. Effects of supplemental 

chromium on immune responses of periparturient and early lactation dairy cows. 

J. Anim. Sci., 71: 1532–1539 

BURTON, J.L., NONNECKE, B.J., DUBESKI, P.L., ELSASSER, T.H. and 

MALLARD, B.A., 1996. Effects of supplemental chromium on production of 

cytokines by mitogen-stimulated bovine peripheral blood mononuclear cells. J. 

Dairy Sci., 79: 2237–2246  

CHANG, X. and MOWAT, D.N., 1992. Supplemental chromium for stressed and 

growing feeder calves. J. Anim. Sci., 70: 559–565 

CHANG, X., MOWAT, D.N., and SPEARS, O.A., 1992. Carcass characteristics and 

tissue mineral contents of steers fed supplemental chromium. Can. J. Anim. Sci., 

72: 663–669  

CHANG, X., MALLARD, B.A. and MOWAT, D.N., 1994. Proliferation of peripheral 

blood lymphocytes of feeder calves in response to chromium. Nutr. Res., 14: 851–

864 

CHANG, X., MALLARD, B.A. and MOWAT, D.N., 1996. Effects of chromium on 

health status, blood neutrophil phagocytosis and in vitro lymphocyte blastogenesis 

of dairy cows. Vet. Immunol. Immunopathol., 52: 37–52 

CHAUDHRY Q., WATKINS, R. and CASTLE, L., 2010. Nanotechnologies in the Food 

Arena: New Opportunities, New Questions, New Concerns. In : Nanotechnologies 

in Food. Edt. Chaudhry, Q., Laurence, C. and Watkins, R. Royal Society of 

Chemistry 

CHEN, N.S.C., TSAI, A. and DYER, I.A., 1973. Effect of chelating agents on chromium 

absorption in rats. J. Nutr., 103: 1182–1186 

http://www.sciencedirect.com/science/article/pii/S0271531705804865
http://www.sciencedirect.com/science/journal/02715317
http://www.sciencedirect.com/science/article/pii/S0271531705804865
http://www.sciencedirect.com/science/journal/01652427


293 

2
9
3
 

CHEN, K.L., LU, J.J., LIEN, T.F. and CHIOU, P.W.S., 2001. Effects of chromium 

nicotinate on performance, carcass characteristics and blood chemistry of growing 

turkeys. Br. Poult. Sci., 42: 399-404 

COHEN, M.D., KARGACIN, B., KLEIN, C.B. and COSTA, M., 1993. Mechanisms of 

chromium carcinogenity and toxicity. Critical Rev. Toxicol., 23: 255–281 

CUPO, M.A. and DONALDSON, W.E., 1987. Chromium and vanadium effects on 

glucose metabolism and lipid synthesis in chicks. Poult.  Sci., 66: 120–126 

DAVID, A., EVANS, P., MOHAMMAD, T., ROFAIDA,  D., HUSSAINI, H.A. and 

SOBKI, S.H ., 2009. Chromium chloride administration causes a substantial 

reduction of coronary lipid deposits, aortic lipid deposits, and serum cholesterol 

concentration in rabbits.  Biol Trace Elem Res., 130: 262–272 

DE FLORA, S., CAMOIRANO, A., SERRA, D. and BENNICELLI, C., 1989. 

Genotoxicity and metabolism of chromium compounds. Toxicol. Environmental 

Chem., 19: 153–160. 

DEBSKI, B., ZALEWSKI, W., GRALAK, M.A. and KOSLA, T., 2004. Chromium-yeast 

supplementation of chicken broilers in an industrial farming system. J. Trace 

Elem. Med. Biol., 18: 47–51 

DELIE, F., 1998. Evaluation of nano-and microparticle uptake by the gastrointestinal 

tract. Adv. Drug Del. Rev., 34: 221-233 

DOISY, R.J., STREETEN, D.H.P., FREIBERG, J.M. and SCHNEIDER, A.J., 1976. 

Chromium metabolism in man and biological effects. In: Trace Elements in 

Human Health and Disease, Edt. Prasad, A.S., Vol. II, Edn. Plenum Medical 

Book Company,  New York, pp 79–104  

DOWLING, H.J., OFFENBACHER, E.G. and PI-SUNYER, F.X., 1990. Effects of 

amino acids on the absorption of trivalent chromium and its retention by regions 

of the small intestine. Nutr. Res., 10: 1261-1271 



294 

2
9
4
 

DU, R., QIN, J., WANG, J., PANG, Q., ZHANG, C. and JIANG, J., 2005. Effect of 

supplementary dietary l-carnitine and yeast chromium on lipid metabolism of 

laying hens. Asian-Aust. J. Anim. Sci., 18: 235-240 

DUNCAN, D.B., 1995. Multiple range and multiple F-tests. Biometrics., 11: 1-42 

EBRAHIMNAZHAD, Y. and GHANBARI, S., 2014. The effect of dietary chromium 

supplementation on blood biochemical parameters of broiler chicks. Greener J. 

Biol. Sci., 4:  98-102 

EBRAHIMZADEH, S.K., FARHOOMAND, P. and NOORI, K., 2012. Immune response 

of broiler chickens fed diets supplemented with  different level of chromium 

methionine under heat stress conditions. Asian-Aust. J. Anim. Sci., 25: 256-260 

EBRAHIMZADEH, S.K., FARHOOMAND, P. and NOORI, K., 2013. Effects of 

chromium methionine supplementation on performance, carcass traits, and the Ca 

and P metabolism of broiler chickens under heat-stress conditions. J. Appl. Poult. 

Res., 22: 382–387 

ELLIS, E.N., BROUHARD, B.H., LYNCH, R.E., DAWSON, E.B., TISDELLR., 

NICHOLS, M.M. and RAMIREZ, F., 1982.  Effects of hemodialysis and 

dimercaprol in acute dichromate poisoning. J. Toxicol. Clinical Toxicol., 19: 249–

258 

ERDELYI, M., KERTESZ, V., BALOGH, K. and MEZES, M., 2006. Trace elements in 

the food chain. In : Proceedings of an international symposium on trace elements 

in the food chain, Budapest, Hungary, pp 416-421 

EREN, M and BASPINAR, N., 2004. Effects of dietary CrCl3 supplementation on some 

serum biochemical markers in broilers. Influence of season, age and sex. Revue 

Méd. Vét., 155: 637-641 



295 

2
9
5
 

ESECELI, H., DEGIRMENCIOGLU, N. and BILGIC, M., 2010. The effect of inclusion 

of chromium yeast (Co-factor II, Alltech Inc.) and folic acid to the rations of 

laying hens on performance, egg quality, egg yolk cholesterol, folic acid and 

chromium levels. J. Anim. Vet. Advan., 9: 384-391 

EVANS,  G.W. and BOWMAN, T.D., 1992. Chromium picolinate increases membrane 

fluidity and rate of insulin internalization. J. Inorg. Biochem., 48: 243–250 

EZE, D.C., OKWOR, E.C., ANIKE, W.U., KAZEEM, H.M. and MAJIYAGBE, K.A., 

2014. Effect of chromium propionate on the humoral immune response and 

performance of broilers vaccinated against newcastle disease in the tropics. J.  

Anim. plant Sci., 24: 1709-1715 

FENG, W., DING, W., QIAN, Q. and CHAi, Z., 1999. Comparison of the chromium 

distribution in organs and subcellular fractions of normal and diabetic rats by 

using enriched stable isotope Cr-50 tracer technique. Biol. Trace Ele. Res., 71-72: 

121-129 

FOLCH, J., LEES, M. and SLOANE STANELY, G.H., 1957. A simple method for the 

isolation and purification of total lipids from animal tissues. J. Biol. Chem., 226: 

497-509 

FRANK, A., DANIELSSON, R. and JONES, B., 2000. Experimental copper and 

chromium deficiency and additional molybdenum supplementation in goats. II. 

Concentrations of trace and minor elements in liver, kidneys and ribs: 

haematology and clinical chemistry. Sci. Total Environ., 249: 143–170 

GHANBARI, S., EBRAHIMNAZHAD, Y., ESHRATKHAH, B. and NAZERADL, K., 

2012. Effect of dietary chromium supplementation on performance and carcass 

traits of broiler chicks. Pak. J. Nutr. 11: 467-472 



296 

2
9
6
 

GHAZI, S., HABIBIAN, M., MOEINI, M.M. and ABDOLMOHAMMADI, A.R., 2012. 

Effects of different levels of organic and inorganic chromium on growth 

performance and immunocompetence of broilers under heat stress. Biol. Trace 

Ele. Res., 146: 309-317  

GOVINDARAJU, K., RAMASAMI, T. and RAMASWAMY, D., 1989. Chromium (III)-

insulin derivatives and their implication in glucose metabolism. J. Inorg. 

Biochem., 35 : 137–147 

GREF, R., MINAMITAKE, Y.M., PERACCHIA, T., TRUBETSKOY, V., TORCHILIN, 

V. and LANGER, R., 1994. Biodegradable long-circulating polymeric 

nanospheres. Sci., 263: 1600-1603. 

GROSS, W.B. and SIEGEL, P.S., 1983. Evaluation of heterophil to lymphocyte ratio as a 

measure of stress in chickens. Avian Dis., 27: 972–979 

HABIBIAN, M., GHAZI, S. and MOEINI, M.M., 2013. Lack of effect of dietary 

chromium supplementation on growth performance and serum insulin, glucose, 

and lipoprotein levels in broilers reared under heat stress condition. Biol. Trace 

Elem. Res., 153: 205–211 

HANAFY, M.M., 2011.  Influence of adding organic chromium in diet on productive 

traits, serum constituents and immune status of Bandarah laying hens and semen 

physical properties for cocks in winter season. Egypt. Poult. Sci., 31: 203-216 

HAUGH, R.R., 1937. The Haugh unit for measuring egg quality. U.S. Egg 

Poultry Magazine, 43: 552-555 and 572-573 

HOPKINS, L.L. and Jr, SCHWARZ, K., 1964. Chromium (3) binding to serum proteins, 

specifically siderophilin. Biochem. Biophys. Acta., 90: 484-491 

http://www.ncbi.nlm.nih.gov/pubmed/14237857
http://www.ncbi.nlm.nih.gov/pubmed/14237857


297 

2
9
7
 

HOSSAIN, S.M., 1998. Organic chromium in poultry: Metabolic responses, effects on 

broiler carcass composition, nutrient composition of eggs. In: Biotechnology in 

the Feed Industry, Edt. Lyons, T.P. and Jacques, K.A. Edn. Nottingham 

University Press, Nottingham, pp 203-216. 

HOSSAIN, S.M., BARRETO, S.L. and SILVA, C.G., 1998. Growth performance and 

carcass composition of broilers fed supplemental chromium from chromium 

yeast. Anim. Feed Sci. Technol., 71: 217–228 

HUNT, C.D. and STOECKER, B.J., 1996. Deliberations and evaluations of the 

approaches, endpoints and paradigms for boron, chromium and fluoride dietary 

recommendations. J. Nutr., 126: 2441–2451 

IBRAHIM, D.K., AL-MASHHADANI, E.H. and AL-BANDR, L.K., 2010. Effect of 

supplementing different levels of chromium yeast to diet on broiler chickens on 

some physiological traits. Pak. J. Poult. Sci., 9: 942-949 

ISLAM, M and BHOWMIK, M.K., 2005. Toxicopathogenic effect of hexavalent 

chromium (VI) in chickens. Indian J. Anim. Sci., 75: 1044-1047 

ISLAM, M., BHOWMIK, M.K., SARKAR, S. and ISLAM, M., 2002. Effect of chronic 

chromium toxicity on growth, organ-body weight ratio and tissue enzymic 

activity in broiler chickens. Indian J. Anim. Sci., 72:  661-662 

JACKSON, A.R., POWELL, S., JOHNSTON, S., SHELTON, J.L., BIDNER, T.D., 

VALDEZ, F.R. and SOUTHERN, L.L., 2008. The effect of chromium propionate 

on growth performance and carcass traits in broilers. J. Appl. Poult. Res., 17:476–

481 

JAMAL, Z.M., VJEKOSLAV, S., JELENA, P.G. and EMIL, S., 1991. Distribution of 

chromium in the internal organs of potassium chromate treated chicks. Vet. Hum. 

Toxicol., 33: 223-225 



298 

2
9
8
 

JAVED, M.T., ELLAHI, M., ABBAS, N., YASMIN, R. and MAZHAR, M., 2010. 

Effects of dietary chromium chloride, nicotinic acid and copper sulphate on meat 

of broilers. Br. Poult. Sci., 51: 354-360 

JEEJEBHOY, K.N., CHU, R.C., MARLISS, E.B., GREENBERG, G.R. and 

ROBERTSON, A.B., 1977. Chromium deficiency, glucose intolerance and 

neuropathy reversed by chromium supplementation in a patient receiving 

longterm total parenteral nutrition. Am. J. Clin. Nutr., 30: 531–538 

JENSEN, L.S., CHANG, C.H. and WILSON, S.P., 1978. Interior egg quality: 

improvement by distillers’ feeds and traces elements. Poult. Sci., 57: 648-654 

JING, L., JING, J., SHAOYU, L., YUPING, J., FENGXIAN, W., LINYI, W., 

QUANYOU, S. and BIN, X., 2009. Effects of selenium and chromium on lipid 

metabolism in laying hens and egg selenium deposition. Chinese J. Anim. Nutr., 

21: 540-545 

JORHEM, L. and SUNDSTROM, B. 1993. Levels of lead, cadmium, zinc, copper, 

nickel, chromium, and cobalt in foods on the Swedish market 1983-1990. J. Food 

Comp. Anal., 6: 223-241 

KHEIRI, F. and TOGHYANI, M., 2009. Effect of different levels of inorganic chromium 

on performance and immunity of broiler chicks. J. Anim. Vet. Adv. 8: 1819-1823 

KIM, J.D., HAN, I.K., CHAE, B.J., LEE, J.H., PARK, J.H. and YANG, C.J., 1997. 

Effects of dietary chromium picolinate on performance, egg quality, serum traits 

and mortality rate of brown layers. Asian-Aust. J. Anim. Sci., 10: 1-7 

KROLICZEWSKA, B., ZAWADZKI, W. and KACZMAREK-OLIWA, A., 2004. 

Changes in selected serum parameters of broiler chicken fed supplemental 

chromium. J. Anim. Physiol. Anim. Nutr., 88:  393–400 

http://www.cabdirect.org/search.html?q=au%3A%22Li+Jing%22
http://www.cabdirect.org/search.html?q=au%3A%22Jing+Jing%22
http://www.cabdirect.org/search.html?q=au%3A%22Li+ShaoYu%22
http://www.cabdirect.org/search.html?q=au%3A%22Jiao+YuPing%22
http://www.cabdirect.org/search.html?q=au%3A%22Wei+FengXian%22
http://www.cabdirect.org/search.html?q=au%3A%22Wang+LinYi%22
http://www.cabdirect.org/search.html?q=au%3A%22Sun+QuanYou%22
http://www.cabdirect.org/search.html?q=au%3A%22Xu+Bin%22
http://www.cabdirect.org/search.html?q=do%3A%22Chinese+Journal+of+Animal+Nutrition%22


299 

2
9
9
 

KROLICZEWSKA, B., ZAWADZKI, W., SKIBA, T. and MIETA, D., 2005. Effects of 

Chromium Supplementation on Chicken Broiler Growth and Carcass 

Characteristics. Acta Vet. Brno., 74: 543-549 

LEE, C.R., YOO, C.I., LEE, J.H. and KANG, S.K., 2002. Nasal septum perforation of 

welders. Industrial Health., 40: 286–289 

LEE, D.N., WU, F.Y., CHENG, Y.H., LIN, R.S. and WU, P.C., 2003. Effects of dietary 

chromium picolinate supplementation on growth performance and immune 

responses of broilers. Asian-Aust. J. Anim. Sci., 16:227-23 

LEFAVI, R.G., WILSON, G.D., KEITH, R.E., ANDERSON, R.A., BLESSING, D.L., 

HAMES, C.G., and MCMILLAN, J.L., 1993. Lipid-lowering effect of a dietary 

chromium (III)-nicotinic acid complex in male athletes. Nutr. Res., 13: 239–249 

LIEN, T.F., WU, C.P. and LIN, P.H., 1998. Effect of different protein and limiting amino 

acid levels coupled with a supplement of chromium picolinate on lipid 

metabolism and carcass characteristics of pigs. Anim. Sci., 67: 601-607 

LIEN, T.F., HORNG, Y.M. and YANG, K.H., 1999. Performance, serum characteristics, 

carcase traits and lipid metabolism of broilers as affected by supplement of 

chromium picolinate. Br. Poult. Sci., 40: 357-363 

LIEN, T.F., WU, C.P. and LU, J.J., 2003. Effects of cod liver oil and chromium 

picolinate supplements on the serum traits, egg yolk fatty acids and cholesterol 

content in laying hens. Asian-Aust. J. Anim. Sci., 16: 1177-1181 

LIEN, T.F., CHEN, K.L., WU, C.P. and LU, J.J., 2004. Effects of supplemental copper 

and chromium on the serum and egg traits of laying hens. Br. Poult. Sci., 45: 535-

539 



300 

3
0
0
 

LIN, Y.C., HUANG, J.T., LI, M.Z., CHENG, C.Y. and LIEN, T.F., 2015.  Effects of 

supplemental nanoparticle trivalent chromium on the nutrient utilization, growth 

performance and serum traits of broilers. J. Anim. Physiol. Anim. Nutr., 99(1): 59-

65 

LINDEMANN, M.D., 1996. Organic chromium – the missing link in farm animal 

nutrition? Feeding Times : 18–16. 

MA, W., GU, Y., LU, J., YUAN, L. and ZHAO, R., 2014. Effects of chromium 

propionate on egg production, egg quality, plasma biochemical parameters, and 

egg chromium deposition in late-phase laying hens. Biol. Trace Ele. Res., 157: 

113–119 

MATHIVANAN, R. and SELVARAJ, P., 2003. Influence of dietary chromium on egg 

production and quality parameters in layers. Indian J. Poul. Sci., 38: 51-53 

MCNAMARA, J.P. and VALDEZ, F., 2005. Adipose tissue metabolism and production 

responses to calcium propionate and chromium propionate. J. Dairy Sci., 88: 498–

507 

MERTZ, W. and ROGINSKI, E.E., 1971. Newer trace elements in nutrition. Edt. Mertz, 

W. and Cornatzer W.E., Edn. Dekker, New York, pp: 123 

MERTZ, W., TOEPFER, E.W., ROGINSKI, E.E. and POLANSKY, M.M., 1974. Present 

knowledge of the role of chromium., Fed. Proc., 33: 2275–2280  

MERTZ, W. 1992. Chromium: History and nutritional importance. Biol. Trace Ele. Res., 

32: 3–8 

MERTZ, W. 1993. Chromium in human nutrition: A review. J. Nutr. 123: 626–633 

MOEINI, M.M., BAHRAMI, A., GHAZI, S. and TARGHIBI, M.R., 2011. The effect of 

different levels of organic and inorganic chromium supplementation on 

production performance, carcass traits and some blood parameters of broiler 

chicken under heat stress condition. Biol. Trace Elem. Res., 144: 715–724 



301 

3
0
1
 

MOHAMMED, H.H., BADAWI, EL-SAYED, M., ABD EL-RAZIK, W.M., ALI M.A. 

and ABD EL-AZIZ, R.M., 2014. The influence of chromium sources on growth 

performance, economic efficiency, some maintenance behaviour, blood 

metabolites and carcass traits in broiler chickens. Global Veterinaria., 12: 599-

605 

MOONSIE-SHAGEER, S. and MOWAT, D.N., 1993. Effects of level of supplemental 

chromium on performance, serum constituents, and immune status of stressed 

feeder calves. J. Anim. Sci., 71: 232–238 

MOWAT, D.N., CHANG, X. and YANG, W.Z., 1993. Chelated chromium for stressed 

feeder calves. Canad. J. Anim. Sci., 73: 49–55 

MOWAT, D.N., 1994. Organic chromium: A new nutrient for stressed animals. In: 

Proceedings of Alltech’s 10
th

 Annual Symposium, Biotechnology in the Feed 

Industry, Edt. Lyons P., Jacques K.A., Nottingham University Press, UK, pp 275–

282 

MUNCK, A., GUYRE, P.M. and HOLBROOK, N.J., 1984. Physiological functions of 

glucocorticoids in stress and their relation to pharmacological actions. 

Endocrinol. Rev., 5: 25-44 

NAELA, M.R., HODA, A.A., MOHAMED, F.F. and SABRY, A.A., 2008. Effect of 

dietary chromium source with or without probiotic on productive performance 

and immune status of broiler chicken. Veterinary Medical Journal-Giza., 56: 7-19 

NAGHIEH, A., TOGHYANI, M., GHEISARI, A.A., SAEED, S.E. and MIRANZADEH, 

H., 2010. Effect of different sources of supplemental chromium on performance 

and immune response of broiler chicks. J. Anim. Vet. Adv., 9: 354-358 

NATIONAL RESEARCH COUNCIL, 1989. Recommended Dietary Allowance, Edn. 

10
th

. National Academy Press, Washington, D. C.,  



302 

3
0
2
 

NATIONAL RESEARCH COUNCIL, 1994. Nutrient Requirements of Poultry. Edn. 9th   

rev.National Academy Press, Washington, D. C. USA. 

NATIONAL RESEARCH COUNCIL, 1995. Nutrient Requirements of Laboratory 

Animals. Edn. 4
th

 , National Academy Press, Washington, D.C. 

NATIONAL RESEARCH COUNCIL, 2005. Mineral Tolerances of Animals. Edn. 2
nd

 

Revised. National Academy of Sciences, Washington, D. C. 

NAVEENKUMAR, B., REDDY, K.S., REDDY, A.G. and KALAKUMAR, B., 2005. 

Mechanism of toxicity due to aflatoxins and evaluation of chromium and 

methionine. Indian J. Vet. Res., 14: 5-10 

NAVIDSHAD, B., PIRSARAEI, Z.A. and CHASHNIDEL, Y., 2010. Effects of dietary 

chromium polynicotinate supplementation on performance, fat deposition and 

plasma lipids of broiler chickens. Ital. J. Anim. Sci., 9: 61-64 

NEWMAN, H.A.I., LEIGHTON, R.F., LANESSE, R.R. and FREEDLAND, N.A., 1978. 

Serum chromium and angiographically determined coronary artery disease. Clin. 

Chem., 24: 541-544. 

NICHOLS, E.L., MARION, W.W. and BALLOUN, S.L., 1963. Effect of egg yolk size 

on yolk cholesterol concentration. Proceedings of Society for Experimental 

Biology and Medicine 112: 378-380 

NOORI, K., FARHOOMAND, P. and EBRAHIMZADEH, S.K., 2011. Effects of 

chromium methionine supplements on the performance and serum metabolites of 

broiler chickens. J. Food, Agric. Environ., 9: 292-294 

NOORI, K., FARHOOMAND, P. and EBRAHIMZADEH, S.K., 2012. Effects of the 

chromium methionine supplementation on performance, serum metabolites and 

carcass traits in broiler chickens. J. Anim. Sci. Adv., 2: 230-235 



303 

3
0
3
 

OKADA, S., TANIYAMA, M. and OHBA, H.J., 1982. Mode of enhancement in 

ribonucleic acid synthesis directed by chromium (III)-bound deoxyribonucleic 

acid. J. Inorg. Biochem., 17: 41–49 

OKADA, S., SUSUKI, M. and OHBA, H.J., 1983. Enhancement of ribonucleic acid 

synthesis by chromium (III) in mouse liver. J. Inorg. Biochem., 19: 95–103 

OKADA, S., TSUKADA, H. and OHBA, H.J., 1984. Enhancement of nuclear RNA 

synthesis by chromium (III) in regenerating rat liver. J. Inorg. Biochem., 21: 113–

124 

OLIN, K.L., STARNES, D.M., ARMSTRONG, W.H. and KEARN, C.L., 1994. 

Comparative retention/ absorption of 51chromium (51Cr) from 51Cr chloride, 

51Cr nicotinate, and 51Cr picolinate in a rat model. Trace Elem. Electrolytes., 11: 

182 

OLIVER and BOYD, 1968. Egg quality : A study of the hen’s egg. Edt. Carter, T. C., 

Edinburgh. 

ORHAN, C., AKDEMIR1, F., SAHIN, N., TUZCU, M., KOMOROWSKI, J.R., 

HAYIRLI, A. and SAHIN, K., 2012. Chromium histidinate protects against heat 

stress by modulating the expression of hepatic nuclear transcription factors in 

quail. Br. Poult. Sci., 53: 828-835 

PARK, J.K., LEE, J.Y., CHAE, B.J. and OHH, S.J., 2009. Effects of different sources of 

dietary chromium on growth, blood profiles and carcass traits in growing-

finishing pigs. Asian-Aust. J. Anim. Sci., 22: 1547–1554 

PATIL, A., PALOD, J., SINGH, V.S. and KUMAR, A., 2008a. Effect of graded levels of 

chromium supplementation on certain serum biochemical parameters in broilers. 

Indian. J. Anim. Sci., 78: 1149-1152 



304 

3
0
4
 

PATIL. A., PALOD, J. and ASHOKKUMAR., 2008b. Effect of organic chromium 

supplementation on humoral immune response of broiler chicks. Indian J.  Anim. 

Prod. Manag., 24: 117-119 

PECHOVA, A. and PAVLATA, L., 2007. Chromium as an essential nutrient: A review. 

Veterinarni Medicina., 52: 1–18 

PECHOVA, A., ILLEK, J., SINDELAR, M. and PAVLATA, L., 2002. Effects of 

chromium supplementation on growth rate and metabolism in fattening bulls. 

Acta Veterinaria Brno., 71: 535–541 

PERES, L.M., BRIDI, A.M., SILVA, C.A., ANDREO, N., BARATA, C.C.P. and 

DARIO, J. G.N., 2014. Effect of supplementing finishing pigs with different 

sources of chromium on performance and meat quality. R. Bras. Zootec., 43: 369-

375 

PILLAI, S.K. and SINHA, H.C. 1968. Statistical Methods for Biological Worker’s. Ram 

Prasad and Sons, Agra.  

PIVA, A., MEOLA, E., GATTA, P.P., BIAGI, G., CASTELLANI, G., MORDENTI, 

A.L., LUCHANSKY, J.B., SILVA, S. and MORDENTI, A., 2003. The effect of 

dietary supplementation with trivalent chromium on production performance of 

laying hens and the chromium content in the yolk. Ani. Feed Sci. Technol., 106: 

149–163 

PRASAD, A.S., 1978. Chromium. In : Trace Elements and Iron in Human Metabolism, 

Edt. Prasad, A.S., Plenum Medical Book Company, New York, pp: 3–15 

RABINOWITZ M,B., GONICK, H.C., LEVINE S.R. and DAVIDSON, M.B., 1983. 

Clinical trial of chromium and yeast supplements on carbohydrate and lipid 

metabolism in diabetic men. Biol. Trace Ele. Res., 5: 449–466 

http://www.cabdirect.org/search.html?q=au%3A%22Jyoti+Palod%22
http://www.cabdirect.org/search.html?q=au%3A%22Ashok+Kumar%22


305 

3
0
5
 

RAJALEKSHMI, M., SUGUMAR, C., CHIRAKKAL, H. and RAMARAO, S.V., 2014. 

Influence of chromium propionate on the carcass characteristics and immune 

response of commercial broiler birds under normal rearing conditions. Poult. Sci., 

93: 574–580 

RAJENDRAN, D., 2013. Application of nano minerals in animal production system. Res. 

J. Biotechnol., 8: 1–3 

RAJENDRAN, D., VASANTHAKUMAR, P., SELVARAJU, G., THOMAS, K.S., 

PREMKUMAR, N. and DINESHKUMAR, D., 2012.  Effect of organic 

chromium supplementation on performance of white leghorn chicken recovering 

from Newcastle disease. Anim. Nutr. Feed Technol., 12: 247-255  

RAJENDRAN, D., SELVARAJU, G., RAO, S. B.N., DINESHKUMAR, D., VERMA, S. 

PARTHIPAN, S. and KANNAN, D., 2014. Enhancing the immunity and egg 

production of stressed laying birds by supplementing organic chromium. Indian J. 

Anim. Sci., 84: 559–563 

RAO, S.V.R., RAJU, M.V.L.N., PANDA, A.K., POONAM, N.S., MURTHY, O.K. and  

SUNDER, G.S., 2012. Effect of dietary supplementation of organic chromium on 

performance, carcass traits, oxidative parameters, and immune responses in 

commercial broiler chickens. Biol. Trace Elem. Res., 147: 135–141 

RAUT, S.S., GANORKAR, A.G., BHANDARKAR, A.G., JANGIR, B.L., 

MAHAPRABHU, R. and KURKURE, N.V., 2012. Effect of trivalent chromium 

on haemato-biochemical and histopathological parameters at higher doses in 

broilers. Indian J. Vet. Pathol., 36: 73-79 

RIALES, R. and ALBRINK, M.J., 1981. Effect of chromium chloride supplementation 

on glucose tolerance and serum lipids including high-density lipoprotein of adult 

men. Am. J. Clin. Nutr., 34: 2670–2678 



306 

3
0
6
 

ROGINISKI, E.E and MERTZ, W., 1969. Effects of chromium (III) supplementation on 

glucose and amino acid metabolism in rats fed a low protein diet. J. Nutrn., 97: 

525-530 

ROMANOFF, A.L., and ROMANOFF, A.J., 1949. The Avian Egg., John 

Wiley and Sons, New York. 

SAHIN, K., GULER, T., SAHIN, N., ERTA, O.N.S. and ERKAL, N., 1999. The effect 

of chromium added into basal diet on serum total protein, urea, triglyceride, 

cholesterol and serum and tissue chromium, zinc, copper levels in rabbits. Turkish 

J. Vet. Anim. Sci., 23: 109–113 

SAHIN, K., KUCUK, O and SAHIN, N., 2001. Effects of dietary chromium picolinate 

supplementation on performance and plasma concentrations of insulin and 

corticosterone in laying hens under low ambient temperature. J. Anim. Physiol. 

Anim. Nutr., 85: 142-147 

SAHIN, N. and SAHIN, K., 2001. Optimal dietary concentrations of vitamin C and 

chromium picolinate for alleviating the effect of low ambient temperature (6.2°C) 

on egg production, some egg characteristics, and nutrient digestibility in laying 

hens. Vet. Med. – Czech., 46: 229–236 

SAHIN, K. and SAHIN, N., 2002. Effects of Chromium Picolinate and Ascorbic Acid 

Dietary Supplementation on Nitrogen and Mineral Excretion of Laying Hens 

Reared in a Low Ambient Temperature (7 
o
C). Acta Vet. Brno., 71: 183–189 

SAHIN, K., SAHIN, N., ONDERCI, M., GURSU, F. and CIKIM, G., 2002a. Optimal 

dietary concentration of chromium for alleviating the effect of heat stress on 

growth, carcass qualities, and some serum metabolites of broiler chickens. Biol. 

Trace Ele. Res., 89: 53-64 



307 

3
0
7
 

SAHIN, N., ONDERCI, M. and SAHIN, K., 2002b. Effects of dietary chromium and zinc 

on egg production, egg quality, and some blood metabolites of laying hens reared 

under low ambient temperature. Biol. Trace Ele. Res., 85: 47-58 

SAHIN, K., ONDERCI, M., SAHIN, N. and AYDIN, S., 2002c. Effects of dietary 

chromium picolinate and ascorbic acid supplementation on egg production, egg 

quality and some serum metabolites of laying hens reared under a low ambient 

temperature (6 °C).  Arch. Anim. Nutr., 56: 41–49 

SAHIN, K., SAHIN, N. and KUCUK, O., 2002d. Effects of dietary chromium and 

ascorbic acid supplementation on digestion of nutrients, serum antioxidant status, 

and mineral concentrations in laying hens reared at a low ambient temperature. 

Biol. Trace Ele. Res., 87: 113-124 

SAHIN, K., SAHIN, N. and KUCUK, O., 2003. Effects of chromium, and ascorbic acid 

supplementation on growth, carcass traits, serum metabolites, and antioxidant 

status of broiler chickens reared at a high ambient temperature (32°C). Nutr. Res., 

23: 225–238  

SAHIN, K., ONDERCI, M., SAHIN, N., GURSU, M.F., VIJAYA, J. and KUCUK, O., 

2004. Effects of dietary combination of chromium and biotin on egg production, 

serum metabolites, and egg yolk mineral and cholesterol concentrations in heat-

distressed laying quails. Biol. Trace Ele. Res., 101: 181-192 

SAHIN, N., SAHIN, K., ONDERCI, M., GURSU, M.F, CIKIM, G., VIJAYA, J. and 

KUCUK, O., 2005. Chromium picolinate, rather than biotin, alleviates 

performance and metabolic parameters in heat-stressed quail. Br. Poult. Sci., 46: 

457–463 

SAHIN, N., AKDEMIR, F., TUZCU, M., HAYIRLI, A., SMITH M.O. and  SAHIN, K., 

2010. Effects of supplemental chromium sources and levels on performance, lipid 

peroxidation  and  proinflammatory markers in heat-stressed quails. Anim. Feed 

Sci. Technol., 159: 143-149. 



308 

3
0
8
 

SAMANTA, S., HALDAR, S., BAHADUR, V. and GHOSH, T.K., 2008a. Chromium 

picolinate can ameliorate the negative effects of heat stress and enhance 

performance, carcass and meat traits in broiler chickens by reducing the 

circulatory cortisol level. J. Sci. Food Agric., 88: 787–796 

SAMANTA, S., HALDAR, S. and GHOSH, T.K., 2008b.  Production and carcase traits 

in broiler chickens given diets supplemented with inorganic trivalent chromium 

and an organic acid blend. Br. Poult. Sci., 49: 155-163 

SANDS, J. S. and SMITH, M.O., 1999. Broilers in heat stress conditions: effects of 

dietary manganese proteinate or chromium picolinate supplementation. J. Appl. 

Poult. Res., 8: 280-287 

SANDS, J.S. and SMITH, M.O., 2002. Effects of dietary manganese proteinate or 

chromium picolinate supplementation on plasma insulin, glucagon, glucose and 

serum lipids in broiler chickens reared under thermoneutral or heat stress 

conditions. Inter. J. Poult. Sci., 1(5): 145-149.  

SARGENT, T., LIM, T.H. and JENSON, R.L., 1979. Reduced chromium retention in 

patients with hemochromatosis, a possible basis of hemochromatotic diabetes. 

Metabolism., 28(1): 70-79 

SARYAN., L.A and REEDY, M., 1988. Chromium determinations in a case of chronic 

acid ingestion. J. Analytical Toxicol., 12: 162–164 

SAYATO, Y., NAKAMURA, K., MATSUI, S. and  ANDO, M., 1980. Absorption of 

trace metals in the zinc-deficiet rats. J. Pharmodyn., 3: 17 

SCHRAUZER, G.N., SHRESTA, K.P., MOLENAAR, T.B. and MEAD, S., 1986. 

Effects of chromium supplementation on feed energy utilization and the trace 

element composition in the liver and heart of glucose-exposed young mice. Biol. 

Trace Ele. Res., 9: 79–87 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Sargent%20T%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=104124
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=104124
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jenson%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=104124
http://www.ncbi.nlm.nih.gov/pubmed/104124


309 

3
0
9
 

SCHWARZ, K. and MERTZ, W., 1957. A glucose tolerance factor and its differentiation 

from factor 3. Arch. Biochem. Biophys., 72: 515 

SCHWARZ, K. and MERTZ, Z., 1959. Chromium (III) and glucose tolerance factor. 

Arch. Biochem. Biophys., 85: 292–295 

SINGH, V.S., YADAV,  C.L., PALOD, J., ASHOKKUMAR and SHUKLA, P.K., 2009. 

Effect of dietary supplementation of herbal vitamin E-selenium and organic 

chromium on the immune status of broiler chicks. Indian J.  Anim. Prod. Manag., 

25: 13-16   

SIRIRAT, N., LU, J., HUNG, A.T., CHEN, S. and LIEN, T., 2012.  Effects different 

levels of nanoparticles chromium picolinate supplementation on growth 

performance, mineral retention, and immune responses in broiler chickens. J.  

Agric. Sci., 4: 48-58 

SIRIRAT, N., LU, J.J., HUNG, A.T.Y. and LIEN, T.F., 2013. Effect of different levels of 

nanoparticles chromium picolinate supplementation on performance, egg quality, 

mineral retention, and tissues minerals accumulation in layer chickens. J. Agri. 

Sci., 5: 150-159 

STAHLHUT, H.S., WHISNANT, C.S. and SPEARS, J.W., 2006.  Effect of chromium 

supplementation and copper status on performance and reproduction of beef 

cows. Anim. Feed Sci. Technol., 128: 266–275 

STEARNS, D.M., KENNEDY, L.J., COURTNEY, K.D., GIANGRANDE, P.H., 

PHIEFFER, L.S. and WETTERHAHN, K.E., 1995. Reduction of chromium (VI) 

by ascorbate leads to chromium DNA-binding and DNA strand breaks in vitro. 

Biochemistry., 34: 910–919 

STRIFFLER, J.S., POLANSKY, M.M. and ANDERSON, R.A., 1999. Overproduction of 

insulin in the chromium-deficient rat. Metabolism., 48: 1063–1068 

http://www.cabdirect.org/search.html?q=au%3A%22Singh%2C+V.+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Yadav%2C+C.+L.%22
http://www.cabdirect.org/search.html?q=au%3A%22Jyoti+Palod%22
http://www.cabdirect.org/search.html?q=au%3A%22Ashok+Kumar%22
http://www.cabdirect.org/search.html?q=au%3A%22Shukla%2C+P.+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Shukla%2C+P.+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Shukla%2C+P.+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Shukla%2C+P.+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Shukla%2C+P.+K.%22


310 

3
1
0
 

SUKSOMBAT, W. and KANCHANATAWEE, S., 2005. Effects of various sources and 

levels of chromium on performance of broilers. Asian-Aust. J. Anim. Sci., 18: 

1628-1633 

SUN, Y., RAMIREZ, J., WOSKI, S.A. and VINCENT, J.B., 2000. The binding of 

trivalent chromium to low-molecular-weight chromium-binding substance 

(LMWCr) and the transfer of chromium from transferrin and chromium picolinate 

to LMWCr. J. Biol. Inorg. Chem., 5(1): 129-136 

SUZUKI, Y. and FUKUDA, K., 1990. Reduction of hexavalent chromium by ascorbic 

acid and glutathione with special reference to the rat lung. Arch. Toxicol., 64 : 

169–176. 

TAHA N.M., MANDOUR, A.A. and HABEILA, O.A., 2013. Biochemical effect of 

chromium element on lipid profile of broilers. Alexandria J. Vet. Sci., 39: 74-81 

TEZUKA, M., MOMIYAMA, K., EDANO, T. and OKADA, S., 1991. Protective effect 

of chromium (III) on acute lethal toxicity of carbon tetrachloride in rats and mice. 

J. Inorg. Biochem., 42: 1–8 

TOEPFER, E.W., MERTZ, W., POLANSKY, M.M., ROGINSKI, E.E. and WOLF, 

W.R., 1977. Preparation of chromium-containing material of glucose tolerance 

factor activity from brewer’s yeast extracts and by synthesis. J. Agric. Food 

Chem., 25: 162–166 

TOGHYANI, M., SHIVAZAD, M., GHEISARI, A.A. and ZARKESH, S.H., 2006. 

Performance, carcass traits and hematological parameters of heat-stressed broiler 

chicks in response to dietary levels of chromium picolinate. Inter. J. Poult. Sci., 5: 

65-69 

TOGHYANI, M., ZARKESH, S., SHIVAZAD, M. and GHEISARI, A., 2007. Immune 

responses of broiler chicks fed chromium picolinate in heat stress condition. The 

J. Poult. Sci., 44: 330-334 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10766445
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramirez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10766445
http://www.ncbi.nlm.nih.gov/pubmed/?term=Woski%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=10766445
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vincent%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=10766445
http://www.ncbi.nlm.nih.gov/pubmed/10766445


311 

3
1
1
 

TOGHYANI, M., KHODAMI, A. and GHEISARI, A.A., 2008. Effect of organic and 

inorganic chromium supplementation on meat quality of heat-stressed broiler 

chicks. Am. J. Anim. Vet. Sci., 3: 62-67 

TOGHYANI, M., GHEISARI, A., KHODAMI, A., TOGHYANI, M., 

MOHAMMADREZAEI, M. and BAHADORAN, R., 2010. Effect of dietary 

chromium yeast on thigh meat quality of broiler chicks in heat stress condition. 

World Academy of Sci. Engineering and Technol., 4: 863-866 

TOGHYANI, M., TOGHYANI, M., SHIVAZAD, M., GHEISARI, A. and 

BAHADORAN, R., 2012. Chromium supplementation can alleviate the negative 

effects of heat stress on growth performance, carcass traits, and meat lipid 

oxidation of broiler chicks without any adverse impacts on blood constituents. 

Biol. Trace Elem. Res., 146: 171–180 

TOLIMIR, N., PAVLOVSKI, Z., KOLJAJIC, V., MITROVIC, S. and  ANOKIC, N., 

2005. The effect of different source and chromium level in ration on broiler breast 

musculature. Biotech. Anim. Husb., 21: 153-158 

TORKI, M., ZANGENEH, S. and HABIBIAN, M., 2014. Performance, egg quality traits, 

and serum metabolite concentrations of laying hens affected by dietary 

supplemental chromium picolinate and vitamin c under a heat-stress condition. 

Biol. Trace Ele. Res., 157: 120–129 

UNDERWOOD, E.J., 1977. Chromium in trace elements in human and animal nutrition, 

Edt. Underwood, E. J., Edn. 4
th

 Academic Press, New York, pp 258–270 

UNDERWOOD, E.J., 1981. The Mineral Nutrition of Livestock. Edn. 2
nd

 

Commonwealth Agricultural Bureaux, Farnham Royal, UK, pp 1 

USHA and PALOD, J., 2009. Effect of chromium picolinate supplementation on egg 

composition and egg quality parameters in layers. Indian J. Anim. Prod. 

Management., 25: 17-19 

http://www.cabdirect.org/search.html?q=au%3A%22Usha%22
http://www.cabdirect.org/search.html?q=au%3A%22Jyoti+Palod%22
http://www.cabdirect.org/search.html?q=do%3A%22Indian+Journal+of+Animal+Production+and+Management%22
http://www.cabdirect.org/search.html?q=do%3A%22Indian+Journal+of+Animal+Production+and+Management%22


312 

3
1
2
 

UYANIK, F., ATASEVER, A., OZDAMAR, S. and AYDIN, F., 2002a. Effects of 

dietary chromium chloride supplementation on performance, some serum 

parameters, and Immune response in broilers. Biol. Trace Ele. Res., 90: 99-115 

UYANIK, F., KAYA, S., KOLSUZ, A.H., EREN, M. and SAHIN, N., 2002b. The effect 

of chromium supplementation on egg production, egg quality and some serum 

parameters in laying hens. Turk. J. Ve.t Anim Sci., 26: 379-387 

VINCENT., J.B., 2000. The biochemistry of chromium. J. Nutr., 130: 715-718 

VINCENT., J.B., 2007. The nutritional biochemistry of chromium(III), Elsevier 

publications, Netherlands. 

WANG, M.Q. and Xu, Z.R., 2004.  Effect of chromium nanoparticle on growth 

performance, carcass characteristics, pork quality and tissue chromium in 

finishing pigs. Asian-Aust. J. Anim. Sci., 17: 1118–1122 

WILSON, W.O., 1971. Evaluation of stressor agents in domestic animals. J. Anim. Sci., 

32: 578-583 

WYBENGA, D.R., PILEGGI, V.J., DIRSTINE, P.H. and JOHN, D.G., 1970. Direct 

manual determination of serum total cholesterol with a single stable reagent. Clin. 

Chem., 16: 980-984 

YAMAMOTO, A., WADA, O. and SUZUKI., H., 1988. Purification and properties of 

biologically active chromium complex from bovine colostrum. J. Nutr., 118: 39–

45 

YAMAMOTO, A., WADA, O. and MANABE., S., 1989. Evidence that chromium is an 

essential factor for biological activity of low-molecular weight, chromium-

binding substance. Biochem. Biophys. Res. Commun., 163: 189–193 



313 

3
1
3
 

ZHA, L.Y., XU, Z.R., WANG, M.Q. and GU, L.Y., 2007. Efficacy of chromium(iii) 

supplementation on growth, body composition, serum parameters, and tissue 

chromium in rats. Biol. Trace Elem. Res., 119: 42–50 

ZHA, L.Y., XU, Z.R., WANG, M.Q. and GU, L.Y., 2008. Chromium nanoparticle 

exhibits higher absorption efficiency than chromium picolinate and chromium 

chloride in caco-2 cell monolayers. J. Anim. Physiol. Anim. Nutr., 92: 131–140  

ZHA, L.Y., Zeng, J.W., Chu, X.W., Mao, L.M. and Luo, H.J. 2009. Efficacy of trivalent 

chromium on growth performance, carcass characteristics and tissue chromium in 

heat-stressed broiler chicks. J. Sci. Food Agric., 89: 1782-1786 



 

 
ABSTRACT 



314 

3
1
4
 

VIII ABSTRACT 

Two biological trials were conducted to study the effect of supplementation of 

Chromium yeast and Nano chromium on the growth performance and meat quality in 

Trial I in dual purpose chicken and egg production and egg quality in dual purpose birds 

during peak production in Trail II. Both the trials had eight treatment with 800 birds (100 

per treatment) in the I trial and 576 birds (72 per treatment) in the II trial. Control diet 

(T1) was formulated according to NRC (1994) specifications. To the basal diet, 

Chromium yeast was added to contain 200, 400 and 600 ppb levels of Cr to form T2, 

T3 and T4, respectively and Nano Chromium was added to contain 50, 100, 200 and 

400 ppb levels of Cr to form T5, T6, T7 and 8, respectively. In the Trial I, the 

cumulative body weight, feed intake and FCR at the end of eight weeks were not 

affected by Cr supplementation. Both Cr yeast and Nano Cr significantly (P≤0.05) 

increased serum levels of total protein, albumin, globulin, antibody titre against NDV 

and IBDV, Hb per cent, Cr content in blood and tissues, produced lean meat and 

reduced serum TG, cholesterol, glucose, hetroplil to lymphocyte ratio and abdominal 

fat content. The retention percentage of Cr was significantly higher in Nano Cr groups 

than Cr yeast groups. In the trial II, Cr supplementation from either sources increased 

egg production, egg weight, albumen index, Haugh unit score, Crcontent in eggs and 

reduced yolk index, fat and Cholesterol content in eggs. The feed cost economics 

revealed significant reduction in feed cost per egg, per unit of Cr deposition in meat, 

liver and eggs with supplementation of Cr yeast and Nano Cr. The meat and eggs 

enriched with Cr could be used as functional food by patients with Type II diabetes 

mellitus. 




