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ABSTRACT 
 

The present study aimed to investigate the effects of nanoparticles (silver and graphene) supplementation in broiler diets 

on productive performance, digestive tract and ceca length and microbiological analysis of small intestine and ceca 

contents. This study was designed to use silver nanoparticles (SNPs) (first experiment) or graphene nanoparticles 

(GNPs) (second experiment) with levels 0.0, 2.5, 5.0, 7.5 and 10.0 ppm diet to compare between them. Each experiment 

included 200 Indian River (IR) broiler chicks at one day old divided randomly on 5 groups in 8 replicates. At 35 days, 

4 birds were slaughtered to estimate digestive tract and ceca length and to perform microbiological analyses. All birds 

in two experiments were fed basal diets (control) supplemented with SNPs or GNPs at different levels till 5 weeks of 

age. Results of Exp.1 indicated a significant effect of different levels of SNPs on live body weight (LBW), body weight 

gain and feed intake (FI), while feed conversion ratio (FCR) was not affected. Lengths of digestive tract or ceca / 100 g 

LBW were insignificantly affected with different levels of SNPs. Microbiological analyses of small intestine and ceca 

content showed that Lactobacillus spp. increased significantly with increasing SNPs levels, while E. coli decrease 

significantly with increasing SNPs. Data of Exp.2 showed significant differences within values of live body weight, 

body weight gain, feed intake and feed conversion ratio at 35 days with different levels of GNPs. The lengths of digestive 

tract or ceca / 100 g LBW were insignificantly decreased with increased level of GNPs. And, microbiological analyses 

of small intestine and cecum content showed that Lactobacillus spp. increased, and E. coli decreased significantly with 

increased GNPs levels. It could be concluded that there were no significant differences between the two types of 

nanoparticles (SNPs and GNPs) when supplemented in broiler diets on productive performance microbiological records 

of digestive tract. 
 

Key words: Broilers, Nanoparticles, Performance, Microbiological analysis, Digestive tract. 

 

INTRODUCTION 

 

Nanotechnology is a new scientific branch that deals 

with minerals with small particles that having size of 1 to 

100 nm (Akradi et al., 2012). Nano minerals have unique 

properties that attracted a lot of attention for their distinct 

characteristics that are absent in traditional substances (Al-

Nori, 2012). Additionally, nanotechnology is applied in 

many scientific fields such as industry, medicine or biology. 

One of the minerals used as nanoparticles formulation, is 

SNPs (Ahmadi, 2011). It has been used as an antibiotics 

component or as antimicrobial agent. SNPs can work as 

microbial inhibitor against numerous pathogenic bacterial 

strains, even antibiotic-resistant ones, both Gram-negative 

(Escherichia, Pseudomonas, Salmonella and Vibrio) and 

Gram-positive (Bacillus, Clostridium, Enterococcus, 

Listeria, Staphylococcus and Streptococcus) bacteria 

(Sawosz et al., 2007; Egger et al., 2009; Prabhu and 

Poulose, 2012). Consequently, it might be conferred that 

SNPs play an important role in animal production. 

Moreover, Ahmadi (2009) studied the effect of different 

level of SNPs in broiler diets on productive performance. 

Ahmedi et al. (2011) recorded significant effects for SNPs 

on productive performance of broilers. However, Ahmadi 

(2012); Ahmadi and Kurdestany (2010) recorded that SNPs 

at levels (5, 15 and 25 ppm) had no effect on body weight 

gain of broilers. Also, El-Moustafa and Rehan (2015) 

reported that different levels of SNPs supplementation (0, 2, 

4, 6, 8, and 10 ppm) on population of cecum microorganisms 

at 35 days of age. The results showed significant effects on 

total count, lactobacillus and E. coli bacteria. As E. coli 

count was decreased compared with control group. Ognik 

et al. (2016) studied the effect of SNPs on microorganisms 

in small intestine of broilers at 42 days of age. The results 
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showed that bacteria total number of treated groups, was 

considerably higher than that of the control. These authors 

also found decreased number of E. coli bacteria in treated 

groups when compared with control group. 

In the same way, graphene nanoparticles also have an 

antibody activity against Gram-negative and Gram-

positive bacteria. Additionally, Single-walled carbon 

nanotubes (SWCNTs) and graphene oxide (GO) 

nanoparticles showed potent microbial properties. These 

new allotropic types of carbon have been discovered in the 

last two decades, and, since then, they have been used in 

many fields of science (Solmaz, 2015). Both SWCNTs and 

GO nanoparticles had strong antimicrobial activity on E. 

coli, Kang et al. (2007). 

Majewska et al. (2011) fed broiler chicks on diet 

supplemented with 0.3% carbon and found that carbon can 

significantly improve LBW at 42 days of age when 

compared with control, also FCR was insignificantly 

affected, while FI was decreased by around 2% compared 

with control group. Dizaj et al. (2015) found that GO 

nanoparticles as a Nano carbon source have potent 

antimicrobial properties.  

The current study aimed to investigate the effect of 

using silver or graphene nanoparticles on broiler 

performance, length of digestive track, total count of 

bacteria, Lactobacillus spp. and E. coli in both small 

intestine and ceca. 

 

MATERIALS AND METHODS 

 

The study included two experiments (Exp. 1 and Exp. 

2) which were undertaken within the same design and same 

conditions in experimental farm of Faculty of Agriculture 

– Ain shams University 

A total number of 400 one-day old of unsexed broiler 

chicks (Indian River; IR), was divided into 2 groups (each 

one contained 200 bird), then each group was randomly 

distributed over five treatments of 40 birds each in 8 

replicates (5 birds per replicate). Birds were reared in 

electrically- heated batteries under similar conditions of 

managements till 35 days of age. The experimental 

treatments in Exp. 1 and Exp. 2 were as follow, basal 

(control diet) and two types of nanoparticles (SNPs or 

GNPs) at 4 levels (2.5 – 5 – 7.5 – 10 ppm) supplemented to 

control diets to get 5 treatments in each experiment. Diets 

were formulated to meet requirements based on manual 

guide of IR strain. The composition and nutrient content of 

basal diet according to NRC (1994) were presented in table 

(1). Live body weight (LBW) and Feed intake (FI) of each 

replicate were recorded in the early morning before getting 

fed. Both body weight gain (BWG) and feed conversion 

ratio (FCR) were calculated correspondingly. 

At the end of experiment (35 days of age), four birds 

of each treatment were taken randomly and slaughtered to 

determine the lengths of digestive tract and ceca/100 g of 

LBW. 

Samples of small intestine and ceca contents were 

collected in falcon tubes to determine Lactobacillus spp. 

and E. coli. Morphological properties of Lactobacillus spp. 

and E. coli were observed by Gram stain method according 

to Bartholomew et al. (1958). Microorganisms that were 

grown on Eosin Methylene Blue Agar (EMS) medium, 

exposed Gram-negative appearance, pink colored with rod 

shaped presence and organized in single or in pairs, were 

suspected as E. coli. While, Microorganisms that were 

grown on de Man, Rogosa and Sharpe Agar (MRS) 

medium, seemed to be Gram-positive, creamy white 

colored, circular, little convex with entire margin were 

observed as genus of Lactobacillus. 

Statistical analysis of data obtained from the present 

study was conducted using the general linear model (GLM) 

procedure of SAS® (SAS, 2004). By applying test using 

one-way ANOVA. Means were compared using Duncan´s 

range test (Duncan, 1955) where the level of significance 

was set at minimum (P≤0.05) and the statistical model was 

performed as follows:  

Yij =µ+ Ti + Eij 

Where: 
Yij=the 

observation 

µ=overall 

mean 

Ti=the effect of 

treatment  

Eij=random 

error. 

 

RESULTS 

 

1. Experiment one 

Effects of supplementing different levels of silver 

nanoparticles (SNPs) in broiler diets on productive 

performance are presented in Table (2). 

LBW and BWG were decreased significantly for all 

treatments compared with control group at 35 days of age. 

As the control group recorded the highest LBW and BWG 

against other groups (1791.82 and 1748.52 g, respectively). 

However, there were significant differences between other 

treatments. 

FI was affected significantly by treatments compared 

with control group, but the highest FI achieved, was 

recorded by the group fed diet with 7.5 ppm SNPs where it 

was 2689 g, and the lowest FI was achieved by group fed 

diet with 5 ppm SNPs where it was 2485 g. On the other 

hand, FCR was not affected significantly with treatments 

but the best FCR was recorded by birds fed diet with 2.5 

ppm SNPs (1.50) and the worst FCR was recorded by 

chicks fed diet with 5 ppm SNPs (1.57). 

Data in Table (3) show effects of SNPs levels as feed 

additive in broiler chicks’ diet, on length of digestive tract 

and ceca /100 g LBW. Results showed that there was 

insignificant increment in digestive tract length with 

increasing level of SNPs except treatment fed diet with 10 

ppm SNPs. Also, there was no significant effect of SNPs on 

length of ceca, but birds fed diet supplemented with 2.5 ppm 

SNPs recorded the longest ceca (1.47 cm /100 g LBW). 

Data in table (4) show effects of SNPs on Lactobacillus 

spp. and E. coli, in small intestine and ceca. Results showed 

a significant increment in Lactobacillus spp. in both small 

intestine and cecum with increased SNPs level in diet. On 

the other hand, E. coli count, decreased significantly in 

either small intestine or cecum with increased SNPs level.  

 

2. Experiment two 

Effects of supplementing broiler diets with different 

levels of GNPs on productive performance are shown in 

Table (5). 

LBW and BWG were decreased significantly by 

treatments at 35 days compared with control group except 

for group fed 10 ppm GNPs. The highest LBW and BWG 

were recorded by control group (1791.82 and 1748.52 g, 

respectively).  
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Table 1: Composition and calculated chemical analysis of basal 

diets 

Ingredients Experimental Diets 

Starter* Grower* Finisher* 

Yellow corn grains 55.76 59. 70 63.70 

Soybean meal 48% 37.84 33.10 28.22 

Soybean oil 2.44 3.40 4.42 

Bone meal 2.91 2.60 2.26 

Limestone  0.24 0.35 0.50 

HCL Lysine 0.00 0.04 0.08 

DL Methionine (99%) 0.21 0.21 0.22 

Salt (NaCl) 0.30 0.30 0.30 

Premix** 0.30 0.30 0.30 

Total 100.00 100.00 100.00 

Calculated chemical analysis*** 

Crude protein (%)  23.01 21.04 18.99 

M E (Kcal / Kg)  3003 3102 3204 

C / P ratio  130 147 168 

Calcium (%)  1.00 0.95 0.90 

Available phosphorus (%)  0.50 0.45 0.40 

Methionine (%)  0.63 0.60 0.58 

Methionine + cysteine (%)  0.95 0.90 0.85 

Lysine (%)  1.35 1.25 1.15 

* Starter (1-14 day old), Grower (15-28 day old) and finisher (29-

35 day old): ** Each 3 kg contains: Vit A 12 000 000 IU, Vit D3 

2 000 000 IU, Vit E 1g, Vit K3 2 g, Vit B1 1 g, Vit B2 5 g, Vit B6 

1.5 g, Vit B12 10 mg, Nicotinic acid 30 g, Pantothenic acid 10 g, 

Folic acid 1 g, Biotin 50 mg Choline chloride 250 g, Iron 30 g, 

Copper 10 g, Zinc 50 g, Manganese 60 g, Iodine1 g, Selenium 0.1 

g, Cobalt 0.1 g and carrier (CaCO3) to 3 kg: *** Calculated 

analysis chemical according to NRC (1994). 
 

FI was decreased significantly with increasing GNPs, 

so the birds fed diets with 2.5 ppm feed of GNPs, recorded 

highest FI and birds fed diets with 7.5 ppm of GNPs, 

achieved lowest FI (2705.70 and 2533.08 g respectively). 

FCR was improved significantly with increased level of 

GNPs in diets, where the worst FCR was recorded by 

chicks fed diet with 2.5 ppm GNPs (1.63) and the best FCR 

was recorded by control group or group fed diet with 10 

ppm GNPs (1.51 and 1.53 respectively). 

Data in table (6) show effects of GNPs level as feed 

additive in broiler diet, on length of digestive tract and ceca 

(cm) / 100 g LBW. The results had shown that there is 

insignificant decrement in length of digestive tract, where 

chick feed control diet recorded longest digestive tract 

length (14.29 cm / 100 g LBW) and group fed diet with 7.5 

ppm GNPs, recorded the shortest digestive tract length 

(12.14 cm / 100 g LBW). Also, there was insignificant 

decrement in length of ceca with increased GNPs level in 

diet. As, birds fed control diet recorded the longest ceca 

length (1.33 cm / 100 g LBW), while treatment feed diet 

supplemented with 10 ppm GNPs recorded also the shortest 

ceca length (1.20 cm / 100 g LBW). 

Data in table (7) show effects of GNPs on 

Lactobacillus spp. and E. coli, in small intestine and ceca 

of broiler. Results showed that Lactobacillus spp in small 

intestine and ceca were significantly affected by different 

levels of GNPs in diet. On the other hand, E. coli count was 

decreased significantly in small intestine with increased 

GNPs. Additionally, Lactobacillus spp. count showed 

significant increase in treated groups compared with 

control, which recorded the lowest Lactobacillus count 

(0.44 X104). Also, E. coli count was decreased significantly 

with increased GNPs level where birds fed control diet, 

recorded highest total bacteria count (1.62 X104). 

DISCUSSION 

 

Experiment one 

Recently, nanoparticles supplementation is essential 

for life and responsible for improving health status, thus for 

productive performance and microorganisms in small 

intestine of animals. Especially when SNPs used to broiler 

diets by different levels. 

LBW and BWG up to 35 days were significantly 

decreased for all treatments compared with control group. 

Results showed no significant difference between 

treatments fed 7.5 ppm SNPs and control diet on LBW and 

BWG. Additionally, birds fed diets supplemented with 7.5 

and 10 ppm SNPs were heavier by (98.21 and 96.64% 

respectively) than birds fed diets supplemented with 2.5 

and 5 ppm SNPs (95.58 and 90.56 % respectively). Results 

of LBW were achieved similarly with BWG, as birds fed 

diets supplemented with 7.5 or 10 ppm feed SNPs achieved 

higher BWG by (98.11 and 96.33% respectively) compared 

with those fed diets supplemented with 2.5 or 5 ppm SNPs 

(95.42 and 90.33% respectively). These results may be 

related to that birds fed diets with 2.5 or 5 ppm SNPs 

recorded the lowest FI by (94.42 and 93.66% respectively). 

These results agree with Ahmadi (2009) who found that 

different levels of SNPs (0, 300, 600, 900 ppm of SNPs), 

had a significant effect on LBW of broilers. Also, Amiri et 

al. (2011) found that higher SNPs levels had negative 

effects on LBW and BWG of broiler chicks. On the other 

hand, Ahmadi et al. (2010) found that SNPs had neither 

affected LBW nor BWG, also Pineda et al. (2012) recorded 

that different levels of SNPs had no effects on LBW of 

broiler chicks and Ahmedi et al. (2013) reported that SNPs 

levels had no significant effect on LBW at 21 days. 

Feed intake was affected significantly by treatments 

compared with control group, and the highest FI was 

achieved by group fed diet with 7.5 ppm SNPs. These 

results agree with those of Ahmadi (2009), Ahmedi et al. 

(2011) and Ahmadi (2012) who found that FI was affected 

by SNPs levels in broiler diets. On the other hand, Ahmadi 

et al. (2010) and Pineda et al. (2012) found that SNPs had 

no effects on FI. While, FCR was not affected significantly 

with treatments, as the best FCR was recorded by birds fed 

diets with 2.5 ppm SNPs (1.50) and the worst FCR was 

recorded by chicks fed diet with 5  ppm SNPs (1.57). These 

results agree with those of Ahmadi et al. (2010), Pineda et 

al. (2012) and Ahmadi (2012) who found that SNPs had no 

significant effect on FCR of broilers, but Ahmadi (2009), 

Ahmedi et al. (2011), El-Moustafa and Rehan (2015) found 

that there was a significant effect on FCR of broilers. 

Data in table (3) had shown the effect of SNPs levels 

as feed additive in broiler diets on length of digestive tract 

and ceca. Results showed that there were insignificant 

increment in length of digestive tract with increased level 

of SNPs except for treatment fed diet with 10 ppm SNPs 

where chicks fed diet supplemented with 7.5 ppm SNPs 

recorded the longest digestive tract length (15.06 cm / 100g 

LBW) and the group fed diet with 10 ppm SNPs recorded 

the shortest digestive tract length (11.99 cm / 100g LBW). 

This result might be related to the effect of SNPs on the 

development of digestive tract. 

Also, there was no significant effect of SNPs on length 

of ceca but birds fed diet supplemented with 2.5 ppm of 

SNPs recorded the longest ceca length (1.47 cm/100g LBW)  
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Table 2: Effect of different levels (SNPs) in broiler diets on productive performance (Exp. 1). 

Items Treatments MSE Sig. 

0 2.5 5 7.5 10 

Live body weight (g) 
0-dayold  43.30 44.00 43.62 44.10 43.77 0.36 NS 
35 days old 1791.82a 1712.12b 1622.61c 1759.42ab 1728.68b 13.24 ** 

body weight gain (g) 
0-35 days 1748.52a 1668.12b 1578.98c 1715.32ab 1684.91b 13.20 ** 

Feed intake (g) 
0-35 days 2653.61a 2505.60b 2485.15b 2689.48a 2585.74ab 45.23 ** 

Feed conversion ratio (g feed/g gain) 
0-35 days 1.51 1.50 1.57 1.56 1.53 0.02 NS 

Mortality rate 
0-35 days 0/40 0/40 1/40 1/40 1/40   

a,b: Means in the same row with the same letters are not significantly different. MSE: Mean standard error  NS: Non-significant **: (P≤ 0.01) 
 

Table 3: Effect of different levels (SNPs) in broiler diets on lengths (cm) of digestive tract and ceca / 100g LBW (Exp.1). 

Items Treatments MSE Sig. 

0 2.5 5 7.5 10 

Digestive tract length  14.29 12.59 13.43 15.06 11.99 2.31 NS 
Ceca length  1.33 1.47 1.30 1.40 1.11 0.18 NS 

a,b: Means in the same row with the same letters are not significantly different. MSE: Mean standard error  NS: Non-significant. 
 

Table 4: Effect of different levels (SNPs) in broiler diets on some microbial counts in small intestine and ceca (Exp.1). 

Items Treatments MSE Sig. 

0 2.5 5 7.5 10 

Small intestine 
Lactobacillus spp. 0.68X104e 1.29X104d 1.60X104c 1.74X104b 2.13X104a 0.05X104 ** 
E. coli  1.50X104a 0.37X104b 0.26X104b 0.24X104b 0.35X104b 0.13X104 ** 

Ceca 
Lactobacillus spp. 0.44X104e 2.87X104c 1.05X104d 4.99X104a 4.21X104b 0.05X104 ** 
E. coli  1.62X104a 0.32X104b 0.17X104b 0.00X104c 0.00X104c 0.02X104 ** 

a,b,c,d,e: Means in the same row with the same letters are not significantly different. MSE: Mean standard error  NS: Non-

significant **: (P≤ 0.01) 
 

Table 5: Effect of different levels (GNPs) in broiler diets on productive performance (Exp.2). 

Items Treatments MSE Sig. 

0 2.5 5 7.5 10 

Live body weight (g) 

0-dayold  43.30 43.72 43.92 43.80 43.80 0.64 NS 

35 days old 1791.82a 1700.52b 1687.26bc 1650.48c 1750.24a 10.63 ** 

body weight gain (g) 

0-35 days 1748.52a 1656.80b 1643.34bc 1606.68c 1706.44a 10.60 ** 

Feed intake (g) 

0-35 days 2641.11ab 2705.70a 2580.39b 2533.08b 2615.88ab 35.51 * 

Feed conversion ratio (g feed/g gain) 

0-35 days 1.51b 1.63a 1.57ab 1.57ab 1.53b 0.02 ** 

Mortality rate 

0-35 day-old 0/40 0/40 0/40 1/40 1/40   

a,b: Means in the same row or column with the same letters are not significantly different. MSE: Mean standard error  NS: Non-

significant **: (P≤ 0.01) 
 

Table 6: Effect of GNPs in broiler diets on lengths (cm) of digestive tract and ceca cm / 100g LBW (Exp.2). 

Items Treatments MSE Sig. 

0 2.5 5 7.5 10 

Digestive tract length   14.29 12.81 13.52 12.14 12.69 1.55 NS 
Ceca length  1.33 1.25 1.29 1.27 1.20 0.26 NS 

a,b: Means in the same row or column with the same letters are not significantly different. MSE: Mean standard error NS: Non-significant. 

 

Table 7: Effect of different levels (GNPs) in broiler diets on same microbial counts in small intestine and ceca (Exp.2). 

Items Treatments MSE Sig. 

0 2.5 5 7.5 10 

Small intestine:  
Lactobacillus spp. 0.68X104e 1.50X104d 3.84X104a 1.94X104c 3.26X104b 0.14X104 ** 
E.coli  1.50X104a 0.45X104b 0.55X104b 0.15X104c 0.15X104c 0.14X104 ** 
Ceca:  
Lactobacillus spp. 0.44X104d 5.81X104b 7.71X104a 5.09X104c 5.27X104c 0.10X104 ** 
E. coli  1.62X104a 0.20X104b 0.17X104c 0.15X104c 0.17X104c 0.00X104 ** 

a,b,c,d,e:Means in the same row with the same letters are not significantly different. MSE:Mean standard error NS:Non-significant**:(P≤0.01). 
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and treatment fed diet supplemented with 10 ppm SNPs 

recorded also the shortest ceca length (1.11 cm/100g LBW). 

Data in table (4) showed a significant increment in 

Lactobacillus. in small intestine and ceca with increased 

SNPs level in diet. On the other hand, E. coli count 

decreased significantly in small intestine and ceca with 

increased SNPs level in diet. Additionally, Lactobacillus 

spp. count increased significantly with increased SNPs 

level where control group recorded the lowest 

Lactobacillus spp. count (0.44 X104). Also, E. coli count 

was affected significantly by treatments where birds feed 

diet supplemented with 10 ppm SNPs which recorded 

lowest total bacteria count (0.00 X104). The mechanism of 

the inhibitory effects of SNPs was higher in case of Gram-

negative bacteria. This might be related to the thickness of 

the peptidoglycan layer in Gram-positive bacteria cell wall 

which may prevent to some extent and the increasing in 

Gram-negative bacteria El-Moustafa and Rehan (2015). 

Increased Lactobacillus spp. Count might be related to 

competitive relationship between harmful bacteria and 

beneficial bacteria in digestive tract. And, increased total 

bacteria count might be related to the increased beneficial 

bacteria in digestive tract. In the same way, Singh et al. 

(2008) assumed higher sensitivity of Gram-negative 

bacteria to treatment with nanoparticles. This result agrees 

with that of Sawosz et al. (2007) who stated that 25 mg/ kg 

of SNPs supplemented in quail drinking water, 

significantly increased number of Gram-positive bacteria 

(Lactobacillus spp, Leuconostoc lactis, Actinomyces 

naeslundii) compared to control birds. Also, El-Moustafa 

and Rehan (2015) found that there was significant 

decrement in E. coli count with increasing SNPs level in 

diet. In the same way, Ognik et al. (2016) found that there 

was a decrement in number of E. coli group bacteria in 

treated groups, when compared with control group. The 

study showed decreased harmful bacteria counts such as E. 

coli compared with control group. But, Pineda et al. (2012) 

found that different levels of SNPs had no effect on 

microorganisms in cecum of broiler chicks. These results 

may be related to the antimicrobial effect of SNPs and its 

role as a regulation factor of microorganism in the digestive 

tract where the pathogenic bacteria count is little 

(Fondevila, 2009).  

 

Experiment two 

Also, GNPs is essential for life and responsible for 

improving health status, thus for productive performance 

and has an antibody activity against Gram-negative 

bacteria, E. coli and Gram-positive bacteria; 

streptococcus., through the colony counting method 

(Krishnamoorthy et al. 2012). However, when GNPs were 

used in broiler diets by different levels, results showed that 

LBW and BWG were significantly decreased by treatments 

when compared with control group, expect treatment that 

gets 10 ppm. 

The highest LBW and BWG were achieved by group 

fed diet with 10 ppm GNPs where they were 97.71% and 

97.59% respectively comparing with other groups fed 2.5, 

5.0 and 7.5 ppm as their LBW was decreased by 94.91, 

94.19 and 92.12% respectively and them BWG decreased 

by 94.73, 93.99 and 91.87% respectively. These results 

may be related to that chicks fed diets with 5.0 and 7.5 ppm 

GNPs were recorded the lowest FI. These results agree with 

those of Odunsi (2007) and Abu Bakr (2008) who found 

that charcoal have significant effects on broiler LBW and 

BWG and disagree with those of Amprako et al. (2018) 

who found that wood charcoal had no effects on broiler 

LBW or BWG.  

However, feed intake decreased significantly with 

increased GNPs, as birds fed diets with 2.5 ppm of GNPs 

achieved highest FI, and birds fed diets with 7.5 ppm of 

GNPs achieved lowest FI (2705.70 and 2533.08 g 

respectively). This result agreed with Majewska et al. 

(2011) who stated same results with using carbon to study 

its effect on broiler chick as a feed additive. And disagree 

with Amprako et al. (2018) who found that different levels 

of charcoal in broiler diets had no effect on FI. While, feed 

conversion ratio was improved significantly with increased 

the level of GNPs in diets as the worst FCR was recorded 

by chicks fed diet with 2.5 ppm GNPs (1.63) and the best 

FCR was recorded by control group and group fed diet with 

10 ppm GNPs (1.51 and 1.53 respectively). This result 

agreed with Majewska et al. (2009) who found that 

charcoal in turkey diets improved FCR and disagreed with 

Amprako et al. (2018) who found that wood charcoal have 

no effect on FCR of broiler chicks. 

On other hand, data in table (6) showed effects of 

GNPs levels as feed additive in broiler diet on length of 

digestive tract and ceca. The results showed that there is 

insignificant decrement in length of digestive tract, as 

chicks fed control diet recorded the longest digestive tract 

length (14.29 cm / 100 g LBW) and the group fed diet with 

7.5 ppm GNPs recorded the shortest digestive tract length 

(12.14 cm / 100 g LBW). This result might be related to 

that GNPs inhibit the development of digestive tract length. 

Also, there is insignificant decrement in length of ceca with 

increased GNPs level in diet. Birds fed control diet 

recorded the longest ceca length (1.33 cm / 100 g LBW), 

while treatment fed diet supplemented with 10 ppm GNPs 

recorded shorter ceca length (1.20 cm / 100 g LBW). 

Results in table (7) showed that Lactobacillus spp. in 

small intestine was significantly affected with different 

levels of GNPs level in diet. On the other hand, E. coli 

count was decreased significantly in small intestine with 

increased GNPs level in diet. Lactobacillus spp. count 

showed significant increase in treated groups compared to 

control group which recorded the lowest Lactobacillus 

count (0.44 X104). In the same way, E. coli count was 

decreased significantly with increased GNPs level as birds 

fed control diet recorded highest total bacteria count (1.62 

X104). These results might be related to the antimicrobial 

effect of GNPs on pathogenic bacteria specially E. coli as 

it causes severe membrane damage and cell death of E. coli 

(Kang, 2007). Increased Lactobacillus spp. count might be 

related to the competitive relationship between harmful 

bacteria and beneficial bacteria in digestive tract, while 

increased total bacteria count might be related to increased 

beneficial bacteria count in digestive tract. These results 

agreed with those of Dong et al. (2012) who studied the 

properties of single-walled carbon nanotubes (SWCNTs) 

as antibacterial in different surfactant against E. coli and 

found that SWCNTs exhibited antibacterial activity against 

E. coli, and it was improved with the increased nanotube 

concentrations. Also, Arias and Yang (2009) investigated 

the effect of SWCNTs as antimicrobial with different 

surface groups towards rod-shaped or round-shaped Gram-
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negative and Gram-positive bacteria and found that 

SWCNTs with surface groups of -OH and -COOH 

indicated improved antimicrobial activity to both Gram-

positive and Gram-negative bacteria. Their results showed 

that, formation of cell-CNTs aggregates, caused to damage 

the cell wall of bacteria and then release of their DNA 

content.  

 

Conclusions 

From point of view, the comparing between the results 

of the Exp.1 and 2 showed that both types of nanoparticles 

(SNPs and GNPs) achieved the same results and both of 

them are important for controlling microbiology of 

digestive tract and ceca of broilers and this scope of 

research needs more studies to present specific action 

mechanism of GNPs. 
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