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SUMMARY 

 

n experiment was conducted to determine the effect of adding formic acid (FA) , sodium diformate 

(SDF) and probiotics [(Lactobacillus acidophilus (LA)] or Lactic acid bacteria and enzymes (LAE) to a 

typical corn soybean meal diets on growth performance, some blood parameters, carcass traits, ileum 

bacterial counts and economic efficiency of broiler chicks. A total number of 150 one-day-old Arbor Acers 

broiler chicks were classified into 5 equal groups, each was subdivided into 3 replicates with 10 chicks. The 

control group was fed basal (starter, grower and finisher) diets without supplementation (T1), while the other 

groups (T2: T5) were fed the basal diets supplemented with 2 g (SDF)/ kg diet (T2); 2 ml (FA)/ kg diet (T3); 1 g 

(LA)/ kg diet (T4) and 1 g (LAE)/ kg diet (T5), respectively. Feed and water were supplied ad-libitum, 

throughout the whole experiment which lasted till 35 days of age. The results indicated that: Productive 

performance of broiler chicks; live body weight, daily weight gain, daily feed intake, feed conversion ratio, 

protein conversion ratio and energy conversion ratio were not affected significantly by different dietary 

treatments at whole experimental period, but numerically (T2 and T3) represented the best feed conversion ratio 

being (1.56 and 1.57), respectively, without significant differences among treatments compared with that fed 

control diet (1.62). Plasma total protein, albumin and uric acid were significantly different compared to control 

group. Carcass traits indicated that different dietary treatments (T2: T5) had no effects on carcass characteristics 

compared with control group. Feed additives used, in the current study tended to increase values of total 

bacterial count and lactic acid bacteria, but the values of coliform and salmonella counts were decreased in 

comparison with the control group. Economical evaluation showed that, relative economic efficiency, was 

improved when broiler chicks fed 2 g (SDF)/ kg diet (T2) or 2 ml (FA)/ kg diet (T3) and the values were 5.49 

and 4.77% more, respectively when compared with that fed control diet. It could be concluded that, 

supplementation of basal diets with FA or SDF enhanced productive economic efficiency of broiler chickens, 

without affecting carcass traits. 

 

Key words: performance, sodium formate, formic acid, probiotic, economic efficiency. 

 

INTRODUCTION 

 

The selection of broilers for improved growth rate may have inadvertently resulted in changes in gastro-

intestinal development during growth of the bird, metabolic disorders, poor immunocompetence and 

increased susceptibility to pathogens (Tottori et al., 1997). Antibiotics had been considered as important 

additives for better growth and maintaining gut ecosystem balance for more than 50 years in poultry 

production (Huyghebaert et al., 2011). However, in 2006 the European Union imposed a complete ban on 

the use of antibiotics in poultry feeds (Singer and Hofacre, 2006; Vesna et al., 2007). As a consequence, 

dietary supplements, probiotics, prebiotics, symbiotic, organic acids and their salts, enzymes, herbal 

products and genetically modified foods have been extensively studied in search of alternatives to antibiotics 

(Kim et al., 2015; Das et al., 2012). 

Organic acid salts have been used for decades in feed preservation, protecting food from microbial and 

fungal destruction or to increase the preservation effect of fermented feed, e.g. silages. Formic acid and its 

salts are well known to improve productivity, mineral utilization, protein digestibility, pancreatic secretion 

and acting against pathogens, which decreases the pressure on the animal’s immune system. (Hebeler et al., 

2000; Desai et al., 2007; Abdelhady et al., 2015). Several studies indicated that addition of formic acid or its 
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salts to broiler diets improved weight gain (Panda et al., 2009), increased feed consumption (Abdelaziz, 

2015), improved feed efficiency (Helen and Christian, 2010), increased mineral utilization (Selle et al., 

2004) and decreased total count of E. coli and Salmonella (Hebeler et al., 2000).  

Probiotics are natural feed supplements and their function is based upon reducing population of harmful 

bacteria and decrease intestinal pH by an increase of volatile fatty acids production and dry matter 

digestibility (Makled, 1991 and Seleem et al., 2011). The most important advantage of probiotic in 

comparison with antibiotic is that probiotic doesn’t have any residues in animal products, while antibiotics 

have serious consequences such as drug resistance and harmful alternative on bacterial population in the 

intestine (Abe et al., 1995). Many probiotic effects are mediated through balance control of pro-

inflammatory and anti-inflammatory cytokines (Neish et al., 2000). However, probiotics can only be 

effective if the requirements for their growth are present in the gastrointestinal tract. Nematallah et al. (2015) 

reported that, prebiotic, probiotic or symbiotic supplementation at 500gm/ ton diet seemed to be adequate to 

achieve the favorable results and is being recommended from the economic point of view. So, prebiotic or 

symbiotic are benefits compared with antibiotics for broiler chicks. Generally, the present study was carried 

out to investigate the effect of some organic acid salts (sodium diformate) at level of 2 g/ kg diet (formi-

NDF®), organic acid 2 ml/ kg diet (Formic acid®), probiotic (Biophantase®) and probiotic + enzyme 

(Amphi-Bact®) at the level of 1 g/ kg diet of each on productive performance, carcass characteristics, 

microbial profiles and the economic efficiency of broiler chickens.  

 

MATERIALS AND METHODS 

 

This study was carried out at the Poultry Nutrition Farm, Poultry Production Department, Faculty of 

Agriculture, Ain Shams University, Qalyubia, Egypt, in order to investigate the effect of formic acid, sodium 

diformate, Lactobacillus acidophilus and lactic acid bacteria + enzymes supplementation as growth 

promoting substances on growth performance, carcass characteristics, microbiological profiles and economic 

efficiency of broiler chickens.  

Experimental design and birds: 

A total number of 150 unsexed one-day-old age (Arbor Acers) broiler chicks were housed in wire floor 

batteries and allotted to 5 dietary treatment groups during the experimental period (0-35 days of age). Each 

treatment contained 3 replicates of 10 broiler chicks. The birds were weighed and placed in cages according 

to the average group weight. Lighting programs was (23L + 1D) and feed and water provided ad-libitum, 

during the experimental period. The composition and calculated analysis of the basal diets (starter 0-14 days, 

grower 15-28 days and finisher diets 29-35 days of age) are presented in Table 1. The diets were formulated 

based on corn-soybean to meet NRC requirements (1994). 

The experimental treatments were as follow: 

T1: Basal diet with no additives (control diet). 

T2: T1 + Sodium diformate at 2 g/ kg diet (Formi-NDF® - Addcon - Germany). 

T3: T1 + formic acid at 2 ml/ kg diet (Formic acid - Sigma-Aldrish® - USA). 

T4: T1 + Lactobacillus acidophilus at 1 g/ kg diet (Biophantase® - Da One Chemical - Korea), each 1.0 kg 

contains Lactobacillus plantarum 1 billion CFU, Bacillus subtilis 0.20 billion CFU and Clostridium 

butyricum 0.2 billion CFU. 

T5: T1 + Lactic acid Bacteria and enzyme at 1 g/ kg diet (Amphi-Bact® - Ampharma - USA), each 1.0 kg 

contains 5.0 gm Lactic acid bacteria culture (L. acidophilus 2.5 g, L. plantarum 2.45 g and B. bifidum 0.05 g) 

and 2.0 gm blended enzymes (Amylase 73%, Cellulase 12%, Beta-glucanase 6% and Hemicellulase 9%). 

The prices of additives used were as follow:  

T1: 0 L.E. / Ton T2: 120 L.E. / Ton, T3: 60 L.E. / Ton, T4: 60 L.E. / Ton, T5: 60 L.E. / Ton. 

Data collection: 

Live body weight, feed intake and mortality number for each replicate of all treatments during the 

experimental periods were recorded. Body weight gain, feed conversion ratio, energy and protein conversion 

ratio, performance index and production efficiency factor according to North and Bell (1981) and Emmert 

(2000) were calculated during the same periods. 

Blood plasma constituents: 
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Individual blood samples from randomly 3 chickens of each treatment group were immediately taken 

during slaughtering into collecting heparinized tubes. Plasma were individually separated by centrifugation 

at 3000rpm for 15 minutes, transferred into a clean Eppendorf vials and stored in a deep freezer at 

approximately (- 20°C) for later analysis. Plasma constituents including total protein, albumin, creatinine, 

urea and uric acid were determined calorimetrically by using spectrophotometer and suitable commercial 

diagnostic kits. 

 

Table (1): Feed ingredients and chemical analyses of experimental basal diets. 

Ingredient 
Experimental Basal Diets 

Starter (0-14 days) Grower (15-28 days) Finisher (29-35 days) 

Yellow Corn Grains 51.72 57.34 62.68 

Soy Bean Meal 44% 35.00 29.79 24.70 

Corn Gluten Meal 60% 5.20 4.90 4.60 

Lime Stone (CaCO3) 1.35 1.10 1.08 

Di-Ca Phosphate 1.90 1.68 1.55 

Salt (NaCl) 0.40 0.40 0.40 

Premix* 0.30 0.30 0.30 

Soy Oil 3.50 4.00 4.25 

DL-Methionine 0.31 0.24 0.21 

Lysine - HCl 0.32 0.25 0.23 

Total 100 100 100 

Chemical Analysis (Calculated) 
** 

Crude Protein % 23.01 21.01 19.04 

ME Kcal/ Kg diet 3046 3159 3238 

Calcium % 1.07 0.90 0.85 

Available Phosphorus % 0.51 0.45 0.42 

Lysine % 1.45 1.25 1.10 

Methionine & Cysteine % 1.08 0.95 0.87 

Price L.E./ Ton 6450 6375 6335 
*Each 3 Kg of premix contains: Vitamins: A: 12000000 IU; Vitamins; D3 2000000 IU; E: 10000 mg; K3: 2000 mg; 

B1:1000 mg; B2: 5000 mg; B6:1500 mg; B12: 10 mg; Biotin: 50 mg; Choline chloride: 250000 mg; Pantothenic acid: 

10000 mg; Nicotinic acid: 30000 mg; Folic acid: 1000 mg; Minerals: Mn: 60000 mg; Zn: 50000 mg; Fe: 30000 mg; 

Cu: 10000 mg; I: 1000 mg; Se: 100 mg and Co: 100 mg. ** according to NRC (1994) 

 

Carcass characteristics: 

At the end of the experimental period (35 days of age), slaughter tests were performed using three 

chickens selected according to the average live body weight of each treatment. The percentage in relation to 

live weight of carcass, liver, heart, gizzard, giblets and edible parts were estimated as carcass characteristics.  

Ileum bacterial counts: 

Content of ileum were collected to determine the microbiological flora as follow: Total bacterial counts 

were determined as suggested by American Public Health Association (Marshall, 1992). Total lactic acid 

bacterial counts were determined according to De Man et al. (1960). Coliform bacteria were enumerated 

according to Marshall (1992). Salmonella viable count was enumerated according to Roberts et al. (1995). 

Economical traits: 

A production cost analysis and economical evaluation was carried out for all dietary treatments in an 

attempt to investigate effects of different feed additives inclusion on relative economic efficiency. 

Statistical Analysis: 

The statistical analysis was conducted using the general linear model (GLM) procedures of SAS (2004). 

Means were compared using Duncan’s Multiple Rang test (Duncan, 1955) and level of significance was set 

at minimum of (P0.05).  
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The statistical model was: 

Yij = μ + Ti + eij 

Where: 

Yij = an observation of the parameter measured 

μ  = an overall mean  

Ti = effect of treatment (i: 1 to 5) 

eij = experimental random error 

 

RESULTS AND DISCUSSION 

 

Growth performance: 

The mean values of live body weight (LBW), daily weight gain (DWG), daily feed intake (DFI) and feed 

conversion ratio (FCR) are shown in Tables (2 and 3). 

 

Table (2): Effect of dietary treatments on live body weight (LBW) and daily weight gain (DWG). 

Item 
Experimental Treatment 

Sig. 
T1 T2 T3 T4 T5 

LBW (1 day) 
38.83 

±0.01 

38.44 

±0.01 

38.73 

±0.01 

39.60 

±0.01 

38.34 

±0.01 
NS 

LBW (14 days) 
335.01

a 

±10.00 

315.01
ab 

±5.77 

308.33
b 

±1.66 

296.66
b 

±9.27 

318.33
ab 

±6.01 
* 

LBW (28 days) 
1337.41

 

±8.12 

1291.67 

±21.66 

1273.52 

±17.57 

1243.15
 

±8.23 

1261.67 

±9.18 
NS 

LBW (35 days) 
1859.58

 

±60.45 

1888.70 

±29.62 

1883.38 

±62.21 

1770.01
 

±25.01 

1814.82 

±58.21 
NS 

DWG (g) (0-14 days) 
21.16

a 

±0.71 

19.75
ab 

±0.41 

19.26
b 

±0.12 

18.36
b 

±0.66 

19.99
ab 

±0.42 
* 

DWG (g) (15-28 days) 
71.60

 

±0.98 

69.76 

±1.13 

68.94 

±1.16 

67.61
 

±2.78 

67.38 

±3.09 
NS 

DWG (g) (29-35 days) 
74.59 

±9.47 

85.29 

±1.91 

87.12 

±6.49 

75.26 

±3.37 

79.02 

±5.79 
NS 

DWG (g) (0-35 days) 
52.02

 

±1.72 

52.86 

±0.84 

52.70 

±1.77 

49.44
 

±0.71 

50.75 

±1.66 
NS 

a, b Means within the same row with different superscripts are significantly different. Sig. = Significance, * (P≤0.05). 

NS: Non-Significant. 

T1: basal diet, T2: basal diet + Sodium di-formate 2 g/ Kg, T3: basal diet + Formic acid 2 ml/ Kg, T4: basal diet + 

Lactobacillus acidophilus 1 g/ Kg, T5: basal diet + Lactic acid bacteria with enzymes 1 g/ Kg. 

 

The LBW and DWG of broiler chicks as affected by dietary treatments are illustrated in Table (2). It is 

worth to note that the chicks fed T3 and T4 during studied periods (0-14 and 15-28 days) reflected the lowest 

results in both live body weight and daily weight gain compared with the other treatments (T1, T2 and T5). 

However, during the starting period (0-14 days), chicks of T3 and T4 decreased by 8.94 and 13.19% 

compared with that fed control diets (T1), (19.26 and 18.36 versus 21.15 g) for DWG. Besides, the 

differences between treatments were significant. 

Moreover, during growing period (15-28 days), chicks of T4 and T5 decreased by 5.57 and 5.89% (67.61 

and 67.38 versus 71.60 g, respectively), however, the differences failed to be significant. Also, during 

finishing period (29-35 days) chicks fed T2 and T3 diets gained more weight and gave the best figures than 

those fed other dietary treatments and the corresponding values were 85.29 (T2) and 87.12 g (T3) versus 

74.59 (T1), 75.26 (T4) and 79.02 g (T5), respectively, the differences were statistically not significant. These 

results agree with the results of Abdelaziz (2015), El-Faham et al. (2014) and Higgins et al. (2008). 

Similar observation was reported by Loddi et al. (2000) who stated that, there were no beneficial effects 

of probiotic supplementation and negatively influenced body weight and weight gain of broilers from either 

1 to 21, or 1 to 42 days of age. On the other hand, these findings were in contrast with the results obtained by 

Nematallah et al. (2015), Awad et al. (2013), Nagla et al. (2012) and Tollba et al. (2004) who concluded that 
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adding the tested biological additives or different types of organic acids increased significantly live body 

weight and weight gain than control group.  

Data in Table (3) indicated that, during starting period, feed intake per chick (g/ d) and feed conversion 

ratios were significantly affected by dietary treatments.  

 

Table (3): Effect of dietary treatments on daily feed intake (DFI) and feed conversion ratio (FCR). 

Item 
Experimental Treatment 

Sig. 
T1 T2 T3 T4 T5 

DFI (g) (0-14 days) 
26.75

b 

±0.66 

26.88
b 

±0.24 

26.42
b 

±0.62 

25.25
b 

±0.83 

29.43
a 

±0.31 
** 

DFI (g) (15-28 days) 
115.88 

±2.64 

109.52 

±1.34 

110.95 

±3.33 

112.54 

±7.07 

106.67 

±2.37 
NS 

DFI (g) (29-35 days) 
136.02 

±4.13 

139.62 

±8.05 

140.78 

±6.34 

138.01 

±10.98 

140.82 

±3.67 
NS 

DFI (g) (0-35 days) 
84.25

 

±0.30 

82.48 

±1.04 

83.10 

±2.79 

82.72
 

±2.53 

82.61 

±1.36 
NS 

FCR (0-14 days) 
1.26

c 

±0.04 

1.36
bc 

±0.03 

1.37
b 

±0.02 

1.38
ab 

±0.01 

1.47
a 

±0.03 
* 

FCR (15-28 days) 
1.62 

±0.05 

1.57 

±0.04 

1.62 

±0.02 

1.66 

±0.04 

1.59 

±0.09 
NS 

FCR (29-35 days) 
1.89 

±0.28 

1.63 

±0.10 

1.62 

±0.04 

1.82 

±0.07 

1.80 

±0.13 
NS 

FCR (0-35 days) 
1.62 

±0.04 

1.56 

±0.02 

1.57 

±0.01 

1.67 

±0.04 

1.63 

±0.07 
NS 

a, b, c Means within the same row with different superscripts are significantly different. Sig. = Significance, ** 

(P≤0.01), * (P≤0.05). NS: Non-Significant. 

T1: basal diet, T2: basal diet + Sodium di-formate 2 g/ Kg, T3: basal diet + Formic acid 2 ml/ Kg, T4: basal diet + 

Lactobacillus acidophilus 1 g/ Kg, T5: basal diet + Lactic acid bacteria with enzymes 1 g/ Kg. 

 

The addition of lactic acid bacteria with enzymes to basal diet (T5) led chicks to consume significantly 

(P<0.01) more feed than other dietary treatments (T1-4) and FCR showed the same trend and the 

corresponding values for DFI ranged between 25.25 and 29.43 g, while FCR ranged between 1.26 and 1.47 

and showed significant difference, as shown in Table (3). 

The effect of different dietary treatments T1: T5 on DFI and FCR during growing, finishing or whole 

experiment period showed no significant differences and DFI (0-35 days) ranged between 82.48 and 84.25 g 

and chicks fed control diet (T1) gave the highest figure while chicks fed (T2) diet had the lowest figures and 

differences among treatment were insignificant. 

In the same order, FCR (0-35 days) showed the same trend since chicks fed (T2) diet were more efficient 

in converting their food into body weight gain compared with those fed control diets (T1). The 

corresponding figures were 1.56 versus 1.62, without any significant differences. The better performance of 

broilers fed with organic acids or their salts can be explained in many ways, improved nutrient utilization, 

enlarged gut surface and counteract potential pathogenic bacteria (Papatsirous and Billinis, 2012), Lückstädt 

and Mellor (2011) and Asmaa and Hayam (2017). Oppositely, these results disagree with those of Vale et al. 

(2004), Leeson et al. (2005) and Gunal et al. (2006) who reported that supplementation of an organic acid or 

organic acid salt did not have any effect on LBW or FCR. In addition, Miller (1987) reported that when 

chicks were housed in a clean environment, organic acids did not have any effect on performance.  

Protein conversion ratio (PCR) and energy conversion ratio (ECR): 

Results of Table (4) showed a significant effect on PCR and ECR for broiler chicks due to feed additives 

supplementation to broiler diets at starting period (0-14 days).  

At 14 days, chicks fed control diets (T1) reflected the best PCR and ECR compared with other treatments 

(T2: T5). However, PCR decreased by 13.8% (0.29 versus 0.33) compared with that fed T5 diets and ECR 

showed similar trend 16.3% (3.86 versus 4.49). Besides, the differences between the two treatments were 

significant. While, PCR and ECR indicated insignificant differences between birds fed different dietary 
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treatments (T2: T5) compared with those fed control diets (T1) at growing, finishing and whole experimental 

period. For the whole experimental period, the best PCR (0.32) and ECR (4.81) were detected for the chicks 

fed T2 diets. On the other hand, the worst PCR (0.34) and ECR (5.12) were found in chicks fed T4 diets, and 

the differences between treatments failed to be significant (Table 4). 

  

Table (4): Effect of dietary treatments on protein conversion ratio (PCR) and energy conversion ratio 

(ECR). 

Item 
Experimental Treatment 

Sig. 
T1 T2 T3 T4 T5 

PCR
1
 (g protein/  

g gain) (0-14 days) 

0.29
b 

±0.01 

0.32
ab 

±0.01 

0.32
ab 

±0.01 

0.31
ab 

±0.01 

0.33
a 

±0.01 
* 

PCR (g protein/  

g gain) (15-28 days) 

0.34 

±0.01 

0.33 

±0.01 

0.34 

±0.01 

0.35 

±0.01 

0.34 

±0.01 
NS 

PCR (g protein/  

g gain) (29-35 days) 

0.36 

±0.05 

0.31 

±0.02 

0.31 

±0.01 

0.35 

±0.01 

0.34 

±0.02 
NS 

PCR (g protein/  

g gain) (0-35 days) 

0.33 

±0.01 

0.32 

±0.01 

0.32 

±0.01 

0.34 

±0.01 

0.34 

±0.01 
NS 

ECR
2
 (Kcal/ g gain) (0-

14 days) 

3.86
b 

±0.13 

4.15
b 

±0.12 

4.18
ab 

±0.08 

4.19
ab 

±0.03 

4.49
a 

±0.10 
* 

ECR (Kcal/ g gain) (15-

28 days) 

5.12 

±0.18 

4.96 

±0.14 

5.08 

±0.06 

5.25 

±0.15 

5.02 

±0.29 
NS 

ECR (Kcal/ g gain) (29-

35 days) 

6.13 

±0.92 

5.31 

±0.33 

5.25 

±0.15 

5.92 

±0.25 

5.83 

±0.47 
NS 

ECR (Kcal/ g gain) (0-

35 days) 

5.04 

±0.29 

4.81 

±0.07 

4.84 

±0.01 

5.12 

±0.12 

5.11 

±0.18 
NS 

a, b Means within the same row with different superscripts are significantly different. Sig. = Significance, * (P≤0.05). 

NS: Non-Significant. 
1Calculated as (FCR * Crude Protein %) / 100 
2Calculated as (FCR * ME Kcal/ Kg diet) / 1000 

T1: basal diet, T2: basal diet + Sodium di-formate 2 g/ Kg, T3: basal diet + Formic acid 2 ml/ Kg, T4: basal diet + 

Lactobacillus acidophilus 1 g/ Kg, T5: basal diet + Lactic acid bacteria with enzymes 1 g/ Kg. 

 

 
Figure (1): Effect of different dietary treatments on performance index (PI) and production efficiency 

factor (PEF). 

Performance Index: North and Bell (1981), Production Efficiency Factor: Emmert (2000). 

T1: basal diet, T2: basal diet + Sodium di-formate 2 g/ Kg, T3: basal diet + Formic acid 2 ml/ Kg, T4: basal diet + 

Lactobacillus acidophilus 1 g/ Kg, T5: basal diet + Lactic acid bacteria with enzymes 1 g/ Kg. 

 



Egyptian J. Nutrition and Feeds (2018) 

 

 

235 

Numerous reports, have demonstrated how including organic acids or their salts in broiler diets has 

beneficial effects on performance by lowering bacterial pathogen load and improving nutrient digestibility 

and decreased level of toxic bacterial metabolites as a result of less bacterial fermentation, causing an 

improvement in the protein and energy digestibility thus enhancing the weight gain and performance 

(Ghazalah et al. 2011 and Asmaa and Hayam, 2017). 

Performance index (PI) and production efficiency factor (PEF): 

Results of PI and PEF as affected by different dietary treatments throughout the whole experimental 

period (0-35 days of age) are presented in Figure (1). The obtained data showed that there were insignificant 

differences in PI and PEF values among treatments and broiler chicks fed T2 and T3 diets reflected the 

highest PI and PEF compared with control group. The corresponding figures were 121 and 119 % versus 115 

% for PI and 346 and 341 % versus 329 % for PEF with insignificant differences between treatments. 

In the same order, broiler chicks fed T4 and T5 diets reflected the lowest figures for (PI and PEF) 

compared with other dietary treatments and the corresponding figures being (106 and 303% or 112 and 

320%), respectively and differences between treatments were insignificant. These results agree with those 

reported by Abdel-Mageed (2012) in Japanese quail and Chaveerach et al. (2004) in broiler chicks as they 

reported that PI values were not affected by organic acids addition to diets.  

These findings are in contrast with the results obtained by Ghazalah et al. (2011) in broiler chicks and 

Asmaa and Hayam (2017) in ducks, as they concluded that, the addition of organic acids to diets could 

improve the production index as compared to control group. 

Blood plasma parameters:  

Results concerning plasma total protein (TP), albumin (Alb), globulin (Glo), (Alb/ Glo) ratio, creatinine 

(Cre), urea (Ure) and uric acid (Ua) concentrations are shown in Table (5). 

There were no significant differences in Glo, Alb/ Glo ratio, Cre and Ure among different treatments. 

Supplementing sodium diformate, formic acid or lactobacillus acidophilus to broiler diets (T2, T3 and T4) 

gave similar blood plasma parameters in comparison to control group (T1), except (Ua) and the highest 

values were found in T3 and T4, respectively than other treatments (T2 and T5) and control group (T1). The 

differences among treatments were significant in most cases. Moreover, chickens fed diets containing 

sodium diformate (T2) showed the highest (TP and Alb) concentrations (3.97 and 2.06 g/ dL), respectively. 

While, birds fed (T5 diets) had the lowest figures being (2.74 and 1.53 g/ dL), respectively. 

 

Table (5): Effect of dietary treatments on some blood plasma parameters. 

Item 
Experimental Treatment 

Sig. 
T1 T2 T3 T4 T5 

Total Protein g / dL 
3.75

a 

±0.37 

3.97
a 

±0.23 

3.73
a 

±0.21 

3.09
ab 

±0.10 

2.74
b 

±0.30 
* 

Albumin g / dL 
1.90

a 

±0.09 

2.06
a 

±0.06 

1.98
a 

±0.05 

1.89
a 

±0.05 

1.53
b 

±0.08 
** 

Globulin g / dL 
1.85 

±0.28 

1.91 

±0.19 

1.74 

±0.17 

1.20 

±0.11 

1.21 

±0.32 
NS 

Albumin/ Globulin ratio 
1.06 

±0.12 

1.10 

±0.11 

1.15 

±0.10 

1.61 

±0.18 

1.49 

±0.42 
NS 

Creatinine mg / dL 
0.47

 

±0.03 

0.47 

±0.03 

0.52 

±0.09 

0.46
 

±0.02 

0.43 

±0.04 
NS 

Urea mg / dL 
7.10 

±0.78 

6.93 

±0.73 

7.50 

±0.60 

8.76 

±0.52 

7.56 

±1.61 
NS 

Uric Acid mg / dL 
4.38

b 

±0.16 

4.84
ab 

±0.43 

6.41
a 

±0.38 

6.31
a 

±0.80 

4.53
b 

±0.53 
* 

a, b Means within the same row with different superscripts are significantly different. Sig. = Significance, ** (P≤0.01), * 

(P≤0.05). NS: Non-Significant. 

T1: basal diet, T2: basal diet + Sodium di-formate 2 g/ Kg, T3: basal diet + Formic acid 2 ml/ Kg, T4: basal diet + 

Lactobacillus acidophilus 1 g/ Kg, T5: basal diet + Lactic acid bacteria with enzymes 1 g/ Kg. 
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The differences among treatments were significant. The obtained data disagree with those reported by 

many investigators (Kalavathy et al., 2003; Abdel-Azeem and Hamid, 2006; Abdalla et al., 2008; 

Nematallah et al., 2015). They concluded that there were no significant differences in blood parameters (TP, 

Alb and Glo) due to probiotic supplementation. On the other hand, Tollba et al. (2004) found that adding 

probiotic additives to broiler diets increase plasma (TP, Alb and Glo) compared to control group. 

Carcass characteristics: 

No significant differences were found between birds fed the control diet and all treatments in all carcass 

characteristics values (Table 6). The control diet recorded the highest values of dressed carcass % and total 

edible parts % (Hot carcass weight + giblets weight) percentage being (71.06% and 75.27%), respectively. 

While, chickens fed formic acid diets (T3) recorded the lowest values (68.15% and 72.34%), respectively. 

Besides, the differences between treatments were insignificant. 

Obtained results agree with those reported by Nematallah et al. (2015); Abdel-Azeem and Hamid (2006) 

and El-Yamny and Fadel (2004) who reported that growth promoters had no significant differences among 

all groups in carcass weight and dressing percentage. These findings are in contrast with the results obtained 

by Abdel-Mageed (2012) in Japanese quail and Leeson et al. (2005) in broiler chickens. They concluded 

that, feeding butyric acid supplemented diets significantly increased carcass parameters. 

 

Table (6): Effect of dietary treatments on some carcass traits. 

Item 
Experimental Treatment 

Sig. 
T1 T2 T3 T4 T5 

Dressed carcass % 
71.06 

±1.23 

70.14 

±0.14 

68.15 

±0.21 

68.67 

±1.04 

68.60 

±0.67 
NS 

Liver % 
2.41 

±0.12 

2.19 

±0.20 

2.24 

±0.17 

2.24 

±0.15 

2.42 

±0.17 
NS 

Gizzard % 
1.27

ab 

±0.06 

1.45 

±0.13 

1.35 

±0.19 

1.33
ab 

±0.14 

1.34 

±0.03 
NS 

Heart % 
0.52 

±0.04 

0.56 

±0.03 

0.59 

±0.02 

0.54 

±0.02 

0.61 

±0.05 
NS 

Giblets
¥
 % 

4.20 

±0.16 

4.20 

±0.24 

4.19 

±0.24 

4.12 

±0.18 

4.37 

±0.17 
NS 

Total edible parts
#
 % 

75.27 

±1.39 

74.34 

±0.38 

72.34 

±0.32 

72.79 

±1.07 

72.97 

±0.69 
NS 

Sig. = Significance, ** (P≤0.01), * (P≤0.05). ¥ Giblets = Liver + Gizzard + Heart, # Total edible parts = (dressed 

carcass + giblets), NS: Non-Significant. 

T1: basal diet, T2: basal diet + Sodium di-formate 2 g/ Kg, T3: basal diet + Formic acid 2 ml/ Kg, T4: basal diet + 

Lactobacillus acidophilus 1 g/ Kg, T5: basal diet + Lactic acid bacteria with enzymes 1 g/ Kg. 

 

Ileum bacterial counts: 

Ileum bacterial counts in broilers at 35 days of age are presented in Table (7). Data indicated that all feed 

additives used, in the current study tended to increase values of total bacteria count and lactic acid bacteria. 

Birds fed control diet (T1), showed the lowest total and lactic acid bacteria counts, (65,000 and 165,000 

CFU). While, birds fed (T4 or T5) diets, had higher figures, being 13, 437,500 and 3,807,500 for total count 

and 1,237,500 and 1,302,500 CFU for lactic acid bacteria count, respectively. 

 

Table (7): Effect of different dietary treatments on some intestinal microbiology parameters. 

Item 
Experimental Treatment 

T1 T2 T3 T4 T5 

Total Count 65000 4395000 1245000 13437500 3807500 

Lactic Acid bacteria Count 165000 849000 780000 1237500 1302500 

Salmonella Count 1000 100 115 210 500 

Coliform Count 3000 385 402 1625 261 

T1: basal diet, T2: basal diet + Sodium di-formate 2 g/ Kg, T3: basal diet + Formic acid 2 ml/ Kg, T4: basal diet + 

Lactobacillus acidophilus 1 g/ Kg, T5: basal diet + Lactic acid bacteria with enzymes 1 g/ Kg. 
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On the other hand, the values of coli-form and salmonella counts were decreased in comparison with the 

control group. Birds fed T5 or T2 diets recorded lower counts, respectively. The present results agreed with 

that of previous authors (Chaveerach et al., 2002; Heres et al., 2003; Mountzouris et al., 2007). Additionally, 

Lückstädt and Theobald (2009) and Lückstädt et al. (2014), reported that dietary probiotic, organic acids and 

their salts reduced impact of pathogenic bacteria in broiler chicken, with improved gut microflora and bird 

performance.  

In general, the biological additives or different types of organic acids and their salts improve protein and 

energy digestibility by reducing microbial competition with the host for nutrients and endogenous nitrogen 

losses and lowering the incidence of sub-clinical infections (Table 7). Also, reducing the production of 

ammonia as indirect effect and other growth suppressing microbial metabolites. Probably these could be 

explaining the role to improve feed utilization which leading to better performance in broilers. 

Economic traits: 

Calculations of feeding economic efficiency were carried out according to the prices of feed ingredients, 

additives and live body weight during year 2017 (the experimental time) as summarized in Table (8). 

Feeding relative economic efficiency values of broiler chickens were improved by 105.49 and 104.77% 

for the groups fed diets contained sodium diformate (T2) and formic acid (T3), respectively as compared to 

the control group (100%) during overall period (0-35 days). On the other hand, chickens fed diets contained 

probiotic (T4 and T5) had the lowest corresponding values, being 86.55 and 93.58%, respectively. 

 
Table (8): Effect of dietary treatments on some economic traits. 

Item 
Experimental Treatments 

T1 T2 T3 T4 T5 

Feed Cost / Bird (LE) 18.79 18.74 18.71 18.62 18.68 

Total Cost
1
 / Bird (LE)  31.79 31.74 31.71 31.62 31.68 

Total Return
2
 Bird (LE) 46.49 47.22 47.08 44.25 45.37 

Net Return / Bird (LE) 14.70 15.47 15.38 12.63 13.68 

Economic Efficiency
3 

0.46 0.49 0.48 0.40 0.43 

Relative Economic Efficiency
4
 100.00 105.49 104.77 86.55 93.58 

1 Total cost = (feed cost + price of one-day live chicks + incidental costs); L.E.: Egyptian Pound 
2 According to the local price of Kg sold live birds which was 25.00 L.E. 
3 Economic efficiency = net return/total feed cost. Whereas net revenue= total return - total feed cost.  
4 Assuming that the relative economic efficiency of control group equals 100. 

T1: basal diet, T2: basal diet + Sodium di-formate 2 g/ Kg, T3: basal diet + Formic acid 2 ml/ Kg, T4: basal diet + 

Lactobacillus acidophilus 1 g/ Kg, T5: basal diet + Lactic acid bacteria with enzymes 1 g/ Kg. 

 

These results agreed with those of Abdelaziz (2015) who indicated that, sodium diformate as feed 

additive could be included at different levels in broiler diets without any adverse effect on productive 

performance as well as to economical feed costs. 

In addition, El-Faham et al. (2014) found that chicks fed diets contained probiotic had the lowest 

economical and relative efficiency as compared with control group. These results are in contrast with those 

of Qota et al. (2002) who reported that probiotic supplementation insignificantly affected on the economic 

efficiency of broilers up to 42 days of age. On the other hand, Soliman et al. (2003) found that the inclusion 

of probiotic or herbal feed additives in broiler diets results in least feed cost/ kg gain and the highest percent 

of economic efficiency as compared with control diet. 

Accordingly, it could be concluded that, supplementation of basal diets with formic acid or its sodium 

salt, enhanced performance and economic efficiency of broiler chickens 
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 علائق بدارى التسوييفي  الوٌشطات الحيويةوالتقيين الغذائي لحاهض الفورهيك وهلحه 

 
 ثابثعلي هاًي  ،هزواى عبد العزيز هحوود عبد العزيز ،الفحامسليواى أحود إبزاهين 

 هصز - جاهعة عيي شوس - كلية الزراعة - قسن إًتاج الدواجي 
 

( أو  ربرو اىرتت  كتو ى ولتتاف  SDF( أو د ي رى  تتوا  ردتتىديى   FAأجريتتت ربر تتت رف عتترت ثفتتً رتت حار  اتتورت كتتو    ر ى  اتت   

 تتو ة + ز و تتل رتتى  لتتىيو ثفتتً  جد     ا تتوج   ت( رعلائتتب  تتف  ي  ر  تت)او  ر) ىاتتLAE( [ أو تو تت   لتتاف ز أاسي)تتوا  LAألتتافورف   

و  تتىا  150رتتً  ر بر تتت ثتتفد  لتت مف  كاتت   و ر  تتو +  تص دتتوديت.و رعتتف  رب  اتتري رء عتتو   رذ احتتت   لاز تتو  رتتف  ولتت وا  عتت    ىاتتواو

ون ترو   لت ر    :ورو  تىا   تم   تر (. ووواتت  ر)عتو لاا وور ت 10  تر  ا/  3 عو لاا غذ ئات/  5وزثت ثفً  و   ى ي رز ث)ر يى  

 فاقتتث ; T3 - / وبتم FA فتم  2صوثفيتت ز  فاقتث ; T2 - / وبمSDFجم  2وثفيت ز ص فاقتث ; T1 - صوثفيت  ودي، او  ، اوه  فاقتث(  اوروا

 .T5 - / وبم LAEجم  1صوثفيت ز  فاقتثو  T4 - / وبمLAجم  1صوثفيت ز 

عفت   جد     ا وج  ربف  ي  ر  )او  وزن  رب تم  رحت  و عتف   رن)تى  راتى   و لت هلا   رر حر ثف   ر) حدم ثفاهو  رن وئج أهم  وأواحت

 35 -    ر  تر+  ر بريباتت  لت ر )م ف تت وتى ر عنىيتو   ور)عتو لاا  رغذ ئاتت  ( راى   و عو م  ر حىيم  رغتذ ئ  و عو تم رحىيتم  ربتروراو و ر وصتت

دون وجتتىد  لا لارتوا  عنىيتتت  تاو  ر)عتتو لاا ( 1,57و 1,56أرضتتم  عو تم رحىيتتم غتذ ئ    ت( كققتT3, T2 ر)عتو لاا   ،يتى ( ور تو  ص)اتتو  

 و ربرورانتوا  ر فاتت و ترباتى ا  توىجتف  لا لارتوا  عنىيتت رت   ح تىي  لاز تو  رتف  و)تو رتم ر (.1,62 ور)قو ات  ع  ب)ىثتت  ر ن ترو   ف ت  ر)م 

ن رت  ، ثتف د  رب  اريتورا)تو ي عفتب   ر حر ل وا  رذ احت  ور)عو لاا  رغذ ئات  ر)م ف ت. و اورت  رً ثف   ر)عو لاا  رغذ ئات. او    وك)   راى ي

 جتتم 2لتتبفت  ر اتتى   ر)غتتذ + ثفتتً  و ام ضتتت أثتتف د  رب  اريتتو  رضتتو +  ور)عتتو لاا  رغذ ئاتتت  قو اتتت  تتور ن رو .  زد دا  رنورعتتت أثتتف د  رب  ريتتو

SDF   وبتتم /T2 )فتتم  2وأ FA   وبتتم /T3ً5,44ف  تتو +  تص دتتوديت  رن تتبات كاتت  ر ىصتتت ثفتتً  ب)ىثتتت  ر ن تترو   )عتتف  ر صتتام ( أثفتت 

  رقف لبفت أصم و و +  ص دوديت . T5و T4، أ و  ر)عو لاا ر ى ر   ثفً  4,77و

 جد     ا توجً  رح تو رتً د ي رى  توا  ردتىديى   رتً  رعلائتب  رقوثفيتت ربتف  ي  ر  ت)او أدي أو  فت   اتورت ك)ت   ر ى  ات  رذر  رت ن 

  ر  و +  تص دوديت  فون  ر  حار ثفً ل وا  رذ احت.و


