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ABSTRACT 
 

Effect of using inorganic and organic trace minerals premix on performance, carcass, and tibia bone characteristics and 

histological structure of ileum, liver, and tibia bone of broiler chicks were investigated. A starter (1-21 d) and a grower 

(22-35 d) corn-soybean meal diets were supplemented with inorganic trace mineral premix ITM (T1), organic trace 

mineral premix OTM (T2), or ITM+OTM (T3). The organic mineral premix had lower element concentrations than the 

inorganic premix. A total of 150 one-day-old Arbor Acres broiler chicks were distributed into three dietary treatments 

(5 replicates x 10 chicks each). The results showed no significant effect of dietary treatments on broiler chickens' body 

weight gain and feed intake. Birds fed organic trace minerals showed a significantly better feed conversion ratio than 

inorganic trace minerals. Organic trace minerals did not significantly affect carcass characteristics or tibia bone 

measurements except tibia ash%. Histological analysis of ileum revealed that broiler chicks fed diets with organic 

minerals significantly decreased villi length and crypt depth. The liver tissue and tibia bone were healthy and normal in 

all experimental groups. It could be concluded that organic trace minerals can be used at lower levels than the 

recommended levels of inorganic trace minerals not only without a negative impact on performance but may lead to 

improve feed efficiency and intestinal and bone histology. Further studies, using other parameters, are needed to prove 

the impact of different organic minerals sources and levels upon poultry production and environmental pollution. 
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INTRODUCTION 

 

Commercial poultry production is highly advanced 

and many feed additives could be used to improve the 

productivity of birds. Recently, organic trace minerals have 

gained more attentions because of its importance in broiler 

diets to ensure better health and production (Nys et al. 

2018; Alagawany et al. 2021). Zinc, manganese, and 

copper are trace minerals that play key roles in biological 

functions and are required to stay alive and promote 

optimal health (Dieck et al. 2003). Minerals support bone 

structure and are involved in a variety of enzymes, 

hormone secretion pathways, and immunological defense 

mechanisms. Most trace minerals are widely supplied in 

commercial poultry diets in the form of inorganic salts, 

such as sulphates, oxides, and carbonates, to provide 

mineral levels that prevent clinical deficits and allow the 

birds to achieve their genetic potential for growth (Sirri et 

al. 2016). NRC (1994) specifies Zn:Cu:Mn requirements 

for broilers as 40:8:60mg/kg. However, because of limited 

bioavailability of inorganic form, commercial nutritionists 

always provide inorganic trace elements at double this level 

in the broilers diet. So, the physiological requirements of 

the birds are covered by a low portion of these levels and 

the majority of trace mineral supply is excreted into the 

environment (Nys et al. 2018).  

Organic minerals are chelating agents that help in 

better feed absorption and utilization in the body tissue. 

Using organic trace minerals at lower levels for animal 

diets have been suggested based on the hypothesis that such 

form of minerals has a higher bioavailability than inorganic 

form, and hence provides better immunity (Ghasemi et al. 

2020). Any mineral that is bound to organic compounds is 

considered an organic mineral, regardless of the type of 

existing bond between mineral and organic molecules.  

Several researchers have studied the efficiency of 

organic minerals on broilers performance at lower addition 

levels (Nollet et al. 2007; Zhao et al. 2010; Arif et al. 2019). 
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Reduction of mineral excretion in environment could be 

achieved via lowering the amounts of minerals 

supplemented in birds’ diets through using organic form 

without affecting birds’ productivity (Leeson and Caston 

2008; Madkour et al. 2015). Inclusion of organic trace 

minerals in broiler diets had a significant effect on feed 

conversion ratio (FCR) when compared to inorganic 

minerals but not on growth performance (Burrell et al. 

2004). Also, improvements in live body weight and FCR 

could be achieved as results to using organic trace minerals 

completely in broilers’ diets when compared to using the 

inorganic form (Sirri et al. 2016). Bortoluzzi et al. (2020) 

reported that organic minerals have a higher resistance to 

pH changes in the gastrointestinal tract of birds. This led to 

more digestibility, better performance, and less excretion 

of these minerals (Figueiredo Júnior et al. 2013). Organic 

minerals addition in broiler diets through the 7th day of age 

till the end of the 4th week of age showed a better growth 

performance than using the inorganic form (Baloch et al. 

2017). Moreover, Carvalho et al. (2018) found that 

inclusion levels of 50 and 75% of organic trace minerals to 

broiler diets led to lower excretion levels of trace minerals 

and slightly improved growth performance. 

Thus, the aim of this study was to compare the effects 

of organic and inorganic trace minerals supplementation on 

growth performance, carcass and tibia bone characteristics 

and histological structure of ileum, liver and tibia bone of 

broiler chickens. 

 

MATERIALS AND METHODS 

 

Experimental Design and Management 

Corn-soya bean meal basal starter (1–21 days) and 

grower (22–35 days) diets were formulated to meet the 

nutrient requirements as reported in chick management 

guide. 150 one-day-old Arbor Acres broiler chicks were 

divided into three experimental groups of 5 replicates (10 

chick/replicate), each. The formulation and nutrient 

composition of the experimental diets are shown in Table 

1. Diet 1 supplemented with ITM premix at 1.5kg/ton of 

feed (T1); diet 2 supplemented with OTM (methionine-

chelated trace minerals) at 0.5kg/ton (T2), while diet 3 

supplemented with ITM premix at 0.75kg/ton and OTM 

premix at 0.25kg/ton (T3). Table 2 shows the levels of 

inorganic and organic trace minerals used in the 

experimental diets. Birds were raised in a warmed brooder 

house and fed the dietary treatments from 1 to 35 days of 

age. Feed and water were allowed ad libitum consumption. 

A vaccination program against AI, ND, IB and IBD was 

adopted throughout the experimental period. 

 

Sampling and Measurements 

At 21 and 35 days of age, after fasting overnight, birds 

were individually weighed, and feed intake (FI) was 

recorded per replicate. Body weight gain (BWG) and feed 

conversion ratio (FCR) were calculated. 

 

Carcass and Tibia Bone Parameters 

At the end of the experiment, after fasting overnight, 

two birds close to average weight of each replicate were 

selected and slaughtered for determination of carcass 

characteristics. Weight of carcass, breast meat, thigh, 

drumstick, wing, liver, heart, and gizzard were recorded 

and calculated as percent of live body weight. Weights of 

immune related organs (thymus, spleen, and bursa of 

Fabricius) were taken and expressed as percent of live body 

weight. 

Right and left tibia from the slaughtered birds was 

taken, cleaned of soft tissue and fat-extracted in petroleum 

ether in a sealed glass container for 72 hours. Tibia was 

dried at 105°C for 3 hours, weighed and length was 

measured with a caliper and weight/length index were 

calculated. Relative bone density was calculated using the 

following formula: Relative bone density = bone weight/ 

live body weight x 100, as described by Charuta et al. 

(2013). Robusticity index: was calculated using the 

following formula: Robusticity index = tibia bone 

length/cube root of tibia bone weight. The robusticity index 

was proposed by Riesenfeld (1972) and the bone 

weight/bone length index was used by Seedor et al. 1991. 

Robusticity index has been shown to be correlated with 

bone mineral content and a smaller robusticity index 

indicates stronger bones (Monteagudo et al. 1997). Then, 

the tibia was ashed at 600°C for 4h. The content of tibia ash 

of Ca, P, Zn, and Mn were determined based on the official 

methods of analysis (AOAC 1995). Tibia ash and minerals 

were expressed as a percentage of the fat-free dry weight. 

 

Ileum, Liver and Tibia Bone Histo-morphological 

Analysis 

Ileum samples, approximately 10 cm from the lower 

end of the duodenal loop, were carefully dissected during 

the slaughter time, rinsed with saline (0.9% NaCl) and 

fixed in 12% formalin solution. Representative samples of 

liver were carefully dissected during the slaughtered time 

and immediately fixed in adequate volume of 10% formalin 

solution. After dehydration and embedding in paraffin wax, 

thin transverse sections (4-5µm) for different organs were 

stained with the ordinary hematoxylin and eosin stain 

(H&E) according to Bancroft and Stevens (1990). 

Histological sections were examined using a light 

microscope provided with a digital camera under 

magnification power × 40. Stereological image software 

(Image J 1.50b) was used to estimate the crypt depth and 

villi height from ileum images, and its scale was calibrated 

to the micrometer unit (µm). From the villus tip to the 

villus–crypt junction, the villus height was measured (3-5 

villi per sample). The depth of the crypt was measured from 

the base of the villus to the submucosa. For each segment, 

the villus:crypt ratio was computed. From the epimysium 

to the submucosa layer, the muscular layer thickness 

(Musculosa depth) was the smallest vertical distance. 

Histological examinations for bone were made on 

middle part of the tibia diaphysis specimens taken from 

three sampled broilers in each group at 35 days of age. 

Then fixation in 10% formalin solution and decalcification 

with 5% formic acid were done. All sections were 

dehydrated in ascending grades of ethyl alcohol, cleared in 

xylol and embedded in paraffin wax according to previous 

studies (Junqueira et al. 1971; Al-Hussaini and Demian 

1974; Abd El-Hamid 1981). Histological sections were 

examined using light microscope provided with a digital 

camera under low magnification power ×10. The 

histological technique was conducted at the Pathology 

Laboratory, National Cancer Institute, Cairo Univ., Egypt. 
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Statistical Analysis 

Data were statistically analyzed for analysis of 

variance using the General Linear Model of the Statistical 

Analysis System (SAS 1994). Significant differences 

among treatment means were separated by Duncan’s new 

multiple range test (Duncan 1955) with a 5% level of 

probability. 

 

RESULTS 

 

Growth Performance 

Growth performance (BWG, FI and FCR) of broiler 

chicks fed diets supplemented with ITM or/and OTM are 

shown in Table 3. Using OTM alone in broiler diets (T2) 

or with ITM (T3) resulted in significant improvement in 

FCR (P<0.05) compared to those fed ITM alone (T1). 

Meanwhile, these dietary treatments (T1, T2 and T3) did 

not significantly affect BWG and FI at different ages (21 

and 35 days of age). No significant differences were 

observed in growth performance between T2 and T3. At 35 

days of age, higher BWG was observed in broilers fed 

OTM containing diets (T2 and T3) being 2006g compared 

to 1976g for birds fed ITM alone (T1), with no significant 

differences. 

 

Carcass Characteristics 

Carcass characteristics of broilers fed the different 

dietary treatments are shown in Table 4. Dietary treatments 

did not significantly affect dressing percentage. Also, there 

were no significant differences related to dietary treatments 

on carcass parts (% of live body weight): breast meat, 

drumsticks, thigh, wing and back+neck. Feeding OTM, 

ITM or both together had no significant effect on liver, 

gizzard, and heart. Weight of related immune organs 

(bursa, thymus and spleen) as a percentage of live body 

weight were slightly (P>0.05) improved with OTM 

supplementation without significant differences among 

treatments.  

 

Tibia Bone Parameters 

Tibia bone parameters of broilers fed the different 

dietary treatments are shown in Table 5. Tibia weight, tibia 

length, weight/length index, relative bone density (tibia 

weight/LBW X 100) and robusticity index (tibia length/cube 

root of tibia weight) showed no significant differences 

among the dietary treatments. Tibia ash percentage was 

significantly (P<0.01) improved with OTM 

supplementation. However, the highest value of tibia ash % 

was recorded for birds fed OTM (T2) being 48.84% 

followed by those fed on OTM + ITM (T3) being 46.47% 

and the lowest value was recorded for those fed ITM (T1) 

being 44.72%. Tibia calcium, phosphorus, zinc and 

manganese % varied non-significantly (P>0.05) between the 

treated groups. Relative bone density and robusticity index 

that indicate bone strength showed no significant effect.  

 
Ileum, Liver and Tibia Bone Histo-morphological 

Analysis 

The microarchitecture of ileum from broilers of the 

different experimental groups are shown in Fig. 1. Histo-

morphological analysis of the villus height, crypt depth, 

villus/crypt ratio and musculosa depth of the experimental 

groups   are   presented   in  Table  6.  Histo-morphological  

Table 1: Formulation and nutrient composition of the 

experimental diets 

Ingredients % Starter Grower 

Yellow corn 58.15 61.49 

Soybean meal (48%) 37.00 31.00 

Soybean oil 0.80 3.50 

Dicalcium phosphate 1.60 1.50 

Limestone 1.20 1.30 

Vitamin premix(1) 0.15 0.15 

NaCl 0.25 0.25 

L-lysine HCl 0.16 0.15 

DL-methionine 0.26 0.25 

Threonine  0.10 0.10 

Choline chloride  0.12 0.10 

Na-Bicarbonate  0.15 0.15 

Anticoccidial 0.06 0.06 

Total 100 100 

Calculated Composition (†)   

Crude Protein % 22.76 20.00 

ME (kcal/kg) 2920 3140 

Lysine % 1.42 1.28 

Methionine % 0.65 0.53 

Methionine+Cystine % 0.99 0.88 

Calcium % 0.95 0.93 

Non Phytate P % 0.50 0.40 

(1) Vitamin premix supplied/kg of diet: Vit A 12000IU; Vit D3 

2200IU; Vit E 10mg; Vit K3 2mg; Vit B1 1mg; Vit B2 4mg; Vit 

B6 1.5mg; Vit B12, 10mg; Niacin 20mg; Pantothenic acid 10mg; 

Folic acid 1mg; Biotin 50mg; (†) According to NRC (1994).  

 

Table 2: Levels of inorganic and organic trace minerals used in 

the experimental diets 

Ingredients (g/ton) T1 T2 T3 

ITM premix(1)  1500 --- 750 

OTM premix(2)  --- 500 250 

(1) Inorganic trace mineral premix used at 1500 g/ton 

supplied/kg of diet: Zinc 80mg, Manganese 100mg, Copper 8mg, 

Iron 80mg, Selenium 0.15mg, cobalt 0.50, molybdenum 1mg and 

Iodine 1mg: Organic trace mineral premix used at 500g/ton 

supplied/kg of diet: Zinc 15mg, Manganese 30mg, Copper 5mg, 

Iron 5mg and Selenium 0.20mg. 

 

Table 3: Growth performance of broilers fed the different dietary 

treatments 

Days/ 

Parameters 

Dietary treatments SEM Signi-

ficant T1 T2 T3 

From 1-22 days 

A 1023 1042 1026 5.86 NS 

B 1408 1404 1391 8.07 NS 

C 1.38a 1.35b 1.36b 0.01 * 

From 22-35 days    

A 1094 1102 1118 11.69 NS 

B 1532 1503 1524 12.32 NS 

C 1.40a 1.36b 1.36b 0.01 * 

From 1-35 days    

A 1976 2006 2006 13.06 NS 

B 2940 2906 2915 16.43 NS 

C 1.49a 1.45b 1.45b 0.01 * 

A=Body weight gain (g); B=Feed intake (g); C=FCR (g/g). T1: 

100% inorganic minerals; T2: 100% organic minerals; T3: 50% 

inorganic minerals+ 50% organic minerals: SEM: Standard error 

of means; *: significant at 5% probability (P<0.05). Ns: not 

significant at 5%. 
 

analysis of ileum revealed that, broiler chicks fed diets with 

organic minerals showed significant decrease (P<0.05) in 

the length of villi (μm) compared to the control group (T1). 

Also, T1 group has the highest villi length compared to the 

other  groups.   On  other  hands,  crypt   depth  (μm)   was  
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Table 4: Carcass characteristics and organs weight (% of live 

body weight) of broilers fed the different dietary treatments at 35 

days of age 

Item Dietary treatments SEM Significan

t T1 T2 T3 

Dressing  73.86 73.80 73.41 0.22 NS 

Breast  31.98 31.39 31.16 0.15 NS 

Drumsticks  9.49 9.71 9.64 0.10 NS 

Thigh  12.83 12.61 13.28 0.16 NS 

Wings  7.29 7.47 7.22 0.07 NS 

Back and neck  12.28 12.06 12.32 0.15 NS 

Liver  1.938 2.109 2.089 0.04 NS 

Heart  0.524 0.517 0.522 0.01 NS 

Gizzard  1.481 1.545 1.517 0.04 NS 

Bursa  0.071 0.100 0.085 0.01 NS 

Spleen  0.115 0.118 0.119 0.01 NS 

Thymus  0.214 0.227 0.229 0.01 NS 

T1: 100% inorganic minerals; T2: 100% organic minerals; T3: 

50% inorganic minerals+ 50% organic minerals: SEM: Standard 

error of means; Ns: not significant at 5%. 

 
Table 5: Tibia bone parameters of broilers fed the different 

dietary treatments at 35 days of age 

Item Dietary treatments SEM Significant 

T1 T2 T3 

Weight (g) 5.43 5.36 5.75 0.13 NS 

Length (mm) 86.45 86.25 86.49 0.53 NS 

Weight/length index 0.063 0.062 0.066 0.01 NS 

Relative bone density 0.240 0.241 0.250 0.01 NS 

Robusticity index 49.19 49.28 48.36 0.22 NS 

Ash % 44.72c 48.84a 46.47b  0.54 * 

Ca % 26.11 27.09 26.55 0.40 NS 

P % 17.23 17.66 17.67 0.35 NS 

Zn (mg/kg) 320 300 305 3.22 NS 

Mn (mg/kg) 5.56 5.75 5.95 0.17 NS 

T1: 100% inorganic minerals; T2: 100% organic minerals; T3: 

50% inorganic minerals+ 50% organic minerals. SEM: Standard 

error of means; *: significant at 5% probability (P<0.05). Ns: not 

significant at 5%. 

 
Table 6: Effect of different treatments on ileum histomorphology 

measurements of broilers at 35 days of age 

Items Experimental groups SEM Significant 

T1 T2 T3 

Villus height (μm) 395a 377b 365b 19.51 * 

Crypt depth (μm) 83.8a 60.8b 57.3b 5.30 * 

Villus: crypt ratio 4.71b 6.20a 6.37a 0.61 * 

Musculosa depth (μm) 104a 78b 75b 5.01 * 

T1: 100% inorganic minerals; T2: 100% organic minerals; T3: 

50% inorganic minerals+ 50% organic minerals. SEM: Standard 

error of means; *: significant at 5% probability (P<0.05). 

 

decreased significantly (P<0.05) in T2 and T3 groups 

compared with the control one. Villus height: crypt depth 

ratio was significantly (P<0.05) increased in birds fed 

organic minerals (T2 and T3). Musculosa depth showed a 

significant decrease (P<0.05) in muscular layer thickness 

of the ileum of groups fed organic minerals. 

Histological examination of liver sections is shown in 

Fig. 2 (Plate 1-3). Liver sections showed normal hepatic 

parenchyma structure. Polyhedral and angular shaped 

hepatocytes surrounding the central vein extended to the 

periphery of the hepatic lobules, blood sinusoid with thick 

walls could be seen surrounded with many lymphocytes 

and apparent lacunae in between hepatic cells. Also, 

several homogeneous masses of hepatic cords and 

intralobular blood vessels could be seen (Plate 1).  

 
 

Fig. 1: Cross section through ileum from broilers chicks of 

different experimental groups at 35DOA. (H & E ×40), M: 

muscularis mucosa; Cr: crypts of Lieberkühn; V: Villi; L: lumen.  

 

 
 

Fig. 2: Transfer section of broilers livers from different 

experimental groups at 35 days of age (H&E, 40x). B: Bile duct, 

H: Hepatocytes, CV: Central Vein, LY: Lymphocytic cells. 
 

The liver tissue in T2 and T3 (Plates 2 and 3) was healthy 

and normal, where the hepatic cell masses were well 

arranged, and no fluids present in between cords. The 

hepatic cords were very well arranged in two-cells cords 

and dark-stained hepatocytes with few necrotic areas. 

However, histological findings in all experimental groups 

revealed that the present levels of inorganic, organic trace 

minerals or their combination in broilers diet were safe and 

had no toxic effects in hepatic tissues. 

The histological structure of the tibia bone of 35-days 

chicks as influenced by different treatments are shown in 

Fig. 3 (plates 1-3). It appears that, tibia bone sections of all 

groups are nearly similar in structure and can observe a 

greater area of compact bone and then the smaller area of 

proliferative zone in which the spongy bones tended to be 

well developed. There are many osteocytes and haversian 

canals between the lacunae, in the bone matrix. Plate 1 (T1 

group) shows the tibia section of T1 where the bone was 

enclosed by the periosteum (P). The cortical bone (CB) 

layer was thick and many true well-arranged osteocytes 

that  fully  enclosed  within  lacunae   (L)  were  observed.  
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Fig. 3: Transfer sections of broilers tibia from different 

experimental groups at 35 DOA (H&E, 10x). P: Periosteum, CB: 

Cortical bone, SB: Spongy bone, MB: Medullary bone, PZ: 

Proliferative zone, OS: Osteoblasts, L: Lacunae, SK: Skeletal 

muscles. 

 
Also, a large spongy bone (SB) layer could be seen that 

filled with many oval-shaped osteoblasts. These cells were 

abundant in the proliferative zone (PZ) where a new bone 

(CB) will be formed. The medullary bone (MB) cavity is 

present that filled with epithelial cells and/or endothelial 

cells being immature RBCs. Also, the natural state of bone 

formation could be observed in plate 2 (T2 group). The 

number and size of lacunae were diminished, while 

osteocytes (bone-forming cells) were abundant and the area 

of calcified bone is greatly increased, which be an indicator 

of progressively osteogenic process. However, plate 3 (T3 

group) showed important changes including increases of 

long irregular-shaped lacunae and the osteoblasts. Also, 

there are many osteoids (dark-stained cells) that appear to 

be fully enclosed within the lacunae, which reflect the 

incoming new and rapid bone formation. 

 
DISCUSSION 

 

Growth Performance 

The obtained results of using OTM are in agreement 

with previous studies. Bao et al. (2007) reported that there 

was no significant difference (P>0.05) in live body weight 

between OTM and ITM supplementation to broiler diets. 

Leeson and Caston (2008) reported that although OTM 

facilitated greater bioavailability, they did not significantly 

affect BWG of birds. The observed improvement in FCR 

could be attributed to organic minerals which has a high 

bioavailability and remains long time in the gut compared 

with inorganic minerals, consequently, improves the feed 

utilization as reported by Nollet et al. (2007) and Leeson 

and Caston (2008). Rajkumar et al. (2018) showed that 

final body weight did not differ significantly between birds 

fed OTM and ITM. Some researchers reported that organic 

and inorganic Zn had no significant effect on the body 

weight (Salim et al. 2012; Sunder et al. 2013; Zakaria et al. 

2017; Pacheco et al. 2017). However, Ao et al. (2006) 

found that using organic zinc in broiler diets improved live 

body weight and feed efficiency. M’Sadeq et al. (2018) 

reported no significant differences (P>0.05) in FI, BWG 

and FCR with 375 and 500g/ton organic yeast proteinate 

trace mineral premix and with 750 g/ton inorganic trace 

mineral premix supplementation to broiler diets at 25 days 

of age, while at day 39 of age, BWG and FCR were 

significantly improved (P<0.01) with organic trace 

minerals supplementation compared with inorganic 

mineral treatment. These results were in good agreement 

with those obtained in the present study. Khatun et al. 

(2019) showed that birds fed two forms of OTM, 

propionate and proteinate had better performance in 

comparison with those receiving ITM of commercial 

broilers. Abuajamieh et al. (2020) reported that addition of 

organic zinc had little or no effects on the performance 

parameters measured in broiler chicks. 

The results of feed intake (FI) revealed that, chicks fed 

OTM supplemented diets consumed less amounts of feed 

up to five weeks of age and so, the differences were not 

significant (P>0.05) compared with the ITM fed group. 

These results are in agreement with those obtained by 

previous studies (Sunder et al. 2013; Baloch et al. 2017). 

Anil et al. (2012) reported that supplementation of Zn at 

levels of 20, 40, 60 and 80 mg/kg diet, whether in inorganic 

or organic form, did not affect FI of broilers. However, EL-

Husseiny et al. (2012) reported that OTM reduced feed 

intake compared with ITM. 

 

Carcass Characteristics 

These findings agreed with those of Lu et al. (2006), 

who stated that relative weights of liver, heart, or spleen did 

not affect as a result of adding organic Mn to a broilers' 

diet. Also, Zhao et al. (2010) found that OTM had no 

significant effects on dressing percentage and giblet 

weights. The OTM had no significant effects on liver, 

gizzard and giblet weights which agreed with the results of 

previous studies (Bao et al. 2007; Rossi et al. 2007; Bao 

and Choct 2009; Zhao et al. 2010). Also, Mishra et al. 

(2013) reported that live weight, dressed weight, 

eviscerated weight, drumstick, thigh, back, neck, breast and 

wing yield of broiler chicks did not differ significantly 

(P>0.05) with supplementation of organic mineral (Zn, Cu 

and Mn).  

M’Sadeq et al. (2018) reported that inorganic and 

organic trace mineral supplementation had no effect 

(P>0.05) on relative weights of thymus, bursa of Fabricius 

and carcass composition of broilers at day 39 of age. 

Khatun et al. (2019) reported that broiler chicks fed two 

forms of OTM, propionate and proteinate produced more 

wing, breast and drumstick meat yield as compared with 

those received the ITM. 

 

Tibia Bone Parameters 

The lower robusticity index indicates that bone 

structure is stronger and healthier (Riesenfeld 1972; Yalcin 

et al. 2001). The obtained results are in agreement with the 

previous reports of Abdallah et al. (2009); Zhao et al. 

(2010) and Britanico et al. (2012). Organic trace minerals 

added to broilers’ diet at levels of 50 and 100% did not 

affect tibia bone measurements (Abdallah et al. 2009). 

Also, M’Sadeq et al. (2018) reported no significant 

differences, in bone quality, were observed on broiler fed 

diets with organic and inorganic trace mineral 

supplementation at day 39 of age (P>0.05). In contrast, the 

supplementation of the organic form of zinc, copper and 

manganese has improved the tibia weight and tibia length 
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of broiler chickens (EL-Husseiny et al. 2012). Moreover, 

organic trace minerals supplementation enhanced the 

biochemical characteristics of bone (Ferket et al. 2009). 

Slightly higher value of relative bone density with the 

organic trace mineral supplementation may imply that 

these birds had a better bone mineralization. 

 

Ileum, Liver & Tibia Bone Histo-morphological Analysis 

All ileum sections showed the main ileal layers, 

muscularis mucosa layer, submucosa, mucosa, crypts of 

Lieberkühn and villi as described by William and Linda 

2000. Villus height and the ratio of villus height to crypt 

depth are indicators of gastrointestinal tract morphology 

and intestine transfers nutrients required for growth, 

maintenance and production in animals. Absorption of 

nutrients by intestine depends upon the surface area 

provided by the villi lining intestinal tract (Shamoto and 

Yamauchi 2000). Histologically, high ability of absorption 

of nutrients could be achieved if long villi is existing due 

to the increase in surface area (Caspary 1992). The present 

observations showed low villus height associated with 

better growth performance in broilers received organic 

minerals (T2 and T3 groups). These improvements in 

growth performance especially in FCR may be referred to 

the increase in villus height: crypt depth ratio. In this 

regard, Parsaie et al. (2007) and Echeverry et al. (2016) 

mentioned that villus height: crypt depth ratio has normally 

been associated with better harmony between cellular 

turnovers. Trace minerals may influence the development 

of the intestinal structure of broiler chickens (Sun et al. 

2005). The present findings are in agreement with 

Abuajamieh et al. (2020) who stated that dietary trace 

minerals in organic form improved the morphological 

characteristics of the intestines of broiler chickens. 

Moreover, it may have a role in maximization of intestinal 

efficiency in nutrient absorption under thermoneutral or 

heat stress conditions. 

The positive effects of OTM or ITM on liver health 

may be due to the roles of these trace minerals in 

antioxidant defense systems and prevent oxidative stress 

which lead to cell damage. In this context, Ma et al. (2011) 

showed that high dietary levels of organic zinc improved 

the activity of superoxide dismutase and glutathione 

peroxidase enzymes, as well as lowering the 

malondialdehyde content in chickens’ livers. Also, Bun et 

al. (2011) reported that organic Zn supplementation 

reduced oxidative stress. Similarly, Attia et al. (2010) 

reported that the Gimmizah strain chickens fed the organic 

form of Se (seleno-methionine) showed fewer toxic effects 

in hepatic tissues than those receiving the inorganic form. 

Considering tibia bone, findings from the present 

histological sections revealed that levels used in our study 

of inorganic, organic trace minerals or their combination in 

broilers diet maintained normal osteogenesis process 

without major differences or adverse effect on broilers tibia 

structure at 35 days of age. Similar studies of Favero et al. 

(2013a and 2013b) based on different microelements used 

in combination, indicated that the addition of organic zinc, 

copper and manganese to Cobb 500 breeder hen diets 

significantly improved eggshell weight and thickness and 

improved bone mineralization parameters, i.e. tibia 

calcification and thickness. On the other hand, 

Tomaszewska et al. (2017) found that zinc dietary 

supplementation of up to 50 mg/kg diet, whether in organic 

or inorganic form, improved mechanical properties of the 

femur bone and indicated osteoporotic effects on trabecular 

bone where histomorphometry displayed significant 

changes in spongy bone than in cortical bone. In a study by 

Yildiz et al. (2011) on laying hens, indicated that dietary 

organic manganese supplementation performed better than 

inorganic manganese, in terms of effects on the percentage 

of unbroken eggs and tibia bone quality indices. These 

beneficial effects were probably due to the changes in the 

mineral element distribution in the hens and to manganese 

accumulation in bones, promoted using organic forms of 

manganese. 

 

Conclusion 

The effects of supplementing low organic trace 

minerals premix to broilers diets on growth performance 

and tibia bone parameters were similar or better than the 

inorganic form. From these results, it could be concluded 

that organic trace minerals can be included at lower levels 

in broilers diet than the current recommended levels for 

inorganic trace minerals, without any negative effects on 

growth performance. Additionally, using lower levels of 

organic trace minerals replacing inorganic sources in 

broiler diets may have benefits in feed conversion ratio and 

histological analysis of ileum liver and tibia bone. Thus, 

organic trace minerals improve absorption characteristics 

and provide bird’s requirements. Furthermore, using low 

mineral levels in feeding broilers led to less excretion and 

share in avoiding or decreasing environmental pollution. 

Future studies on dietary organic trace minerals 

supplementation will help in understanding the absorption 

mechanisms and their effects on performance, carcass meat 

and bone quality.  
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