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ABSTRACT 

Background. The poultry sector is crucial in addressing nutritional deficiencies since it 

provides essential nutrients and proteins. To achieve optimal chicken production, it is 

important to understand how the gut microbiota functions, as it affects immunity, digestion, 

and pathogen control. This study examines the effects of Sodium Gluconate (SG) as a 
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growth promoter and investigates its impact on growth promotion, organ development, and 

selected serum blood metabolites.  

Methodology. A total of one hundred (100) one-day-old broiler chicks were used in this 

investigation. The chicks were procured from a hatchery and housed at an experimental 

farm at the University of Veterinary and Animal Sciences, Department of Physiology, 

Lahore, Pakistan. The chicks were divided into four (04) groups of twenty-five (25) birds 

each. Then, each group was split up into four (04) duplicates. Four SG treatments (control, 

SG3.5%, SG4.5%, and SG5.5%) were made, combined with ration, and fed to the birds.  

Results. In the first week, feed conversion ratio (FCR) showed substantial impacts, with 

the SG 3.5% group showing a significantly greater FCR than the control. Similarly, in week 

5, the SG 5.5% group showed a considerable higher FCR compared to the control and SG 

4.5% groups. The addition of SG did not change the weights of the viscera or the length of 

the small intestine. When the SG 5.5% supplemented birds were compared to SG 3.5% 

supplemented birds, the only item that showed a significant increase (p < 0.05) was the 

caecum length. Except for uric acid and cholesterol, all of the chosen blood metabolites 

remained unaffected by the dietary SG addition. In contrast to the control and SG 3.5% 

groups, the cholesterol concentration was lower in the SG 4.5% and SG 5.5% groups. 

Additionally, the SG 3.5% group had higher uric acid (p < 0.05) than the SG 4.5% and SG 

5.5% groups.  

Conclusion. The results support sustainable poultry production methods by offering 

insightful observations about the effectiveness of SG as a growth enhancer and its effects 

on broiler health indices.  

Keywords: additives, antibiotics, metabolites, microbiota, poultry, resistance, Sodium 

Gluconate (SG)  

Highlights  

• The findings demonstrated that in the first week, the FCR of SG 3.5% group was much 

higher than the control group.  

• Similarly, in week 5, the FCR of SG 5.5% group was significantly higher than that of 

the control and SG 4.5% groups. 

• The addition of SG did not affect the length of the small intestine or the weight of the 

viscera.  

• The SG dietary supplementation of did not affect most of the selected blood 

metabolites, except for uric acid and cholesterol. 

1. INTRODUCTION 

Poultry is a major sector of livestock 

and is a particularly important source of 

protein for the growing population of the 

nation [1]. The increase in demand for 

poultry meat and eggs, globally as well as 

locally, makes this sector vulnerable to 

future challenges [2–4]. The gut health of 

poultry is dependent upon physiological, 

physical, and microbiological factors that 

keep the birds’ health in a homeostatic 

condition [5]. The diversified and very 

complex microbial intestinal population in 

poultry helps in the digestion process, 
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pathogenic bacteria elimination, and in 

developing the immunity of the host [6]. 

The gastrointestinal tract (GIT) microbiota 

can ferment the indigestible feed to 

essential amino acids and volatile fatty 

acids. In livestock and poultry industries, 

the use of antibiotics in sub-therapeutic 

doses contributes significantly to animal 

health, welfare, and overall production [7]. 

It has been observed that feeding sub-

therapeutic concentrations of antibiotics to 

poultry has beneficial effects on the gut 

microbial ecology which promotes the 

growth rate of poultry [8]. A study also 

revealed that sub-therapeutic doses of some 

antibiotics have antioxidant, as well as 

immune and inflammatory mediated 

responses, on the gut tissues of chicken [9].  

Contrary to the growth-promoting 

effects of low-concentration antibiotics, it 

was found that antibiotics as growth 

promoters can cause resistance in bacteria. 

This can directly or indirectly be 

transmitted to the human population 

through environmental contamination, 

causing illness and mortality [10]. In this 

regard, various feed supplements such as 

organic acids, prebiotics, probiotics, plants, 

oils, and nanoparticles have been tested 

with varying degrees of success. Non-

antibiotic growth promoters function as 

antimicrobials, anti-inflammatory, and 

anti-stress and have shown positive effects 

on FCR, feed intake, digestion and 

immunity, as well as minerals and vitamin 

absorption [11, 12]. Plant-origin feed 

additives are called photogenic and include 

oils, herbs, and botanical plants, such as 

ginger, curcumin, and pepper that work as 

immune boosters, anti-oxidation agents, 

and anti-microbial agents [13]. The other 

feed additives are probiotics which include 

yeast species, bacteria or spores of bacilli, 

and prebiotics (oligosaccharide nature) that 

cannot be digested by host enzymes, 

although beneficial micro-flora in the host 

gut can digest them to meet their nutritional 

demands [13, 14]. Nanoparticles have been 

studied as growth promoters in poultry 

birds with mixed beneficial and harmful 

effects, depending on their concentration 

and size [15, 16]. 

Sodium gluconate (SG) is a salt of 

gluconic acid which has prebiotic 

properties. It produces butyrate in the large 

intestine and can be a potential alternative 

source of antibiotic growth promoters. 

Numerous studies have revealed that 

gluconic acid and its salt (SG) enhance 

body growth and feed conversion 

efficiency in animals. The inclusion of SG 

(20gms/kg) and phytase (1000 U/kg) in the 

feed improves feed intake and causes 

average gain in the body weight of broilers 

[17]. Similarly, SG and phytase enhance 

magnesium, zinc, calcium, and phosphorus 

retention and mineralization of bones in 

chickens [18, 19]. SG shows significant 

effects on intestinal villus morphometry 

and volatile fatty acids in the duodenum 

and jejunum [20]. The role of antibiotics in 

enhancing the growth of animals remains 

obscure. Although, they are seemingly 

more associated with symbiotic microflora 

of the colon. Some antibiotics are not 

absorbed totally in the small intestine; 

rather, they encounter gut microbiota in the 

large bowl which reduces the competition 

for nutrients and lessens the number of 

toxic metabolites in the large intestine [21, 

22].   

The growth-promoting effects of 

bacitracin and virginiamycin were studied 

in broilers. They significantly increased the 

body weight, feed conversion ratio (FCR), 

and height of villus after 7 weeks of age 

[23]. More recent research has revealed that 

bacitracin antibiotic at a dose rate of 

55mg/kg with mash starter ration changes 

the structure of intestinal symbiotic 
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bacteria, promoting the growth of broilers 

by 11.08% on the 14th day and 20.13% on 

the 28th day of trial, as compared with the 

control group [24]. However, despite the 

effective role of antibiotics in growth 

stimulation, promoting FCR, and reducing 

health issues in animals, the issue of 

antibiotic resistance against zoonotic 

microbes was identified in many studies 

[25].  

SG is a fermentation product of 

gluconic acid oxidation, has chelating and 

prebiotic properties, and has been used as 

an alternative to antibiotics. It improves the 

production of short-chain fatty acids, as 

well as increases FCR and body weight 

upon inclusion in feed as an additive in 

broiler chickens. Along with phytase 

1000U/kg, SG 20gms/kg as a feed additive 

has proved to be a useful growth promoter 

in broilers [17]. Similarly, feed 

supplemented with SG at 2% along with 

750U/kg microbial phytase significantly 

improves mineral retention and mineral 

deposition in chicken bones [18]. The 

morphometry of the duodenum and 

jejunum, as well as the concentration of 

propionate and total short-chain fatty acids 

and lactate, is boosted by the 

supplementation of sodium gluconate, 

potassium diformate, and mannan 

oligosaccharides in the feed [26, 27]. 

Gluconic acid is an organic acid. Hence, it 

can be metabolized in the gizzard. 

Consequently, its salt can reach the small 

intestine where it has progressive effects. 

The gluconic acid (0.5g/kg feed 

supplement) and quercetin promote the 

production of butyrate which quickens the 

apoptosis process and hence, anti-tumor 

properties in the large intestine [17, 28]. It 

is evident from the above discussion that 

SG has multi-faceted beneficial effects on 

intestinal morphology, micro-flora of GIT, 

and also prevents the colonization of 

pathogenic microbes in the alimentary 

tract. So, this may be a better alternative to 

antibiotics used for enhancing the growth 

of broiler chickens.  

This study investigated the effects of 

SG on body weight, viscera weights, FCR, 

and blood metabolites including serum 

albumin, glucose, total protein, ALT, AST, 

triglycerides, cholesterol, and uric acid in 

broiler chicken. It was designed to use SG 

as a feed supplement for promoting the 

growth of broiler chicken. SG is a salt of 

gluconic acid, which has prebiotic effects 

and growth-promoting properties and may 

be used as a substitute for antibiotics. For 

this purpose, four (04) concentrations of SG 

were prepared including control, SG 3.5%, 

SG 4.5%, and SG 5.5%, and supplemented 

in the feed of chicks. Their overall body 

weight was measured in every trial to check 

any beneficial effects of supplements on 

their overall growth patterns using different 

testing concentrations and control groups. 

2. MATERIALS AND METHODS 

2.1. Research Area, Study Animals, and 

Source of Samples 

In the current study, a total of 100 one-

day-old broiler chicks were purchased from 

a hatchery and kept at an experimental farm 

at the Department of Physiology, 

University of Veterinary and Animal 

Sciences, Lahore, Pakistan. The chicks 

were divided into four (4) groups with 25 

birds in each group. Further, each group 

was divided into four (4) replicates. 

Afterwards, four (04) treatments of SG 

designated as control, SG 3.5%, SG 4.5%, 

and SG 5.5% were prepared, mixed with 

ration, and fed to birds according to [23]. 

The grouping was as follows: 

Group 1. This group was the control 

group. The birds in this group were not 

supplemented with SG for 35 days. 
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Group 2. The birds in this group were 

supplemented with SG treatment 

designated as SG 3.5% for 35 days. 

Group 3. The birds in this group were 

supplemented with SG treatment 

designated as SG 4.5% for 35 days. 

Group 4. The birds in this group were 

supplemented with SG treatment 

designated as SG 5.5% for 35 days. 

2.2. Standard Protocols Regarding 

Management 

Ad-libitum feed and water were 

provided to birds throughout the 

experimental duration and the standard 

vaccination protocol was also followed. 

The temperature provided to birds during 

the first week was 35ºC, while the relative 

humidity was 65±5%. All the birds were 

vaccinated for Newcastle disease on day 4 

and then on day 21. The vaccine for 

Gumboro disease was given on day 7 and 

then on day 24 at the experimental farm. 

Mortality and health-related issues were 

also observed daily. The total length of the 

trial was 35 days. At the end of the trial, 8 

birds from each one of 4 groups (control, 

SG 3.5%, SG 4.5%, and SG 5.5%) or 2 

birds from each group replicates (A, B, C, 

D replicates/group) were selected randomly 

and slaughtered. 

2.3. Growth Performance 

Body weight of one-day-old broiler 

chicks at the experimental farm of the 

Physiology Department was measured 

before feeding by using digital weighing 

balance. Subsequently, it was noted on a 

weekly basis for 35 days. To calculate the 

weekly weight gain, initial weights were 

subtracted from final weights. Moreover, to 

calculate the average weekly weight gain, 

the gained weight was divided by the total 

number of birds. 

2.4. Feed Conversion Ratio (FCR) 

Feed intake by each group was 

recorded daily. Keeping in view the feed 

consumed, FCR was calculated by dividing 

the total amount of feed intake with average 

weight gain. The average weekly feed 

intake was also calculated from the 

recorded data on a weekly basis. 

2.5. Samples Collection and Processing 

On the 36th day, two (02) birds from 

each replicate were randomly selected and 

slaughtered. The viscera were also 

collected to measure their weight and 

length. Blood was collected in test tubes, 

kept for four (04) hours at room 

temperature, and centrifuged at 4000 rpm 

for 20 min. Serum was collected from the 

top of the centrifuge tubes and stored at -

40°C for biochemical tests. 

2.6. Organ Weights 

Internal organs including the heart, 

liver, pancreas, gizzard, proventriculus, 

bursa, intestines, and caeca were weighed 

by using digital weighing balance. Further, 

the length of the caecum and small intestine 

was measured with the measuring tape for 

each treatment group. 

2.7. Selected Serum Blood Metabolites 

Serum was collected after the end of 

the experiment in an aseptic process for the 

biochemical analysis of each group. 

Biochemical tests were performed for 

serum glucose, cholesterol, albumin, total 

protein, triglycerides, and uric acid. Liver 

enzymes, such as aspartate 

aminotransferase and alanine 

aminotransferase were also assessed. For 

preparing serological profiles, commercial 

kits were used. Further, a 

spectrophotometer was used for reading 

reactions. Serum samples were thawed 

before proceeding with biochemical tests. 
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2.7.1. Albumin Assay. DiaSys 

Albumin FS (REF:1 0220 99 10 021) kit 

was used for albumin estimation. Albumin 

is an important binding and transport 

protein for various substances in plasma 

and the main contributor to plasma osmotic 

pressure. In the presence of bromocresol 

green at a slightly acidic pH, serum albumin 

produces a color change of the indicator 

from yellowish green to greenish blue. For 

testing, 2μl of each sample was loaded into 

a 96-well microplate and 2μl of distilled 

water was added as blank. Afterwards, 

200μl of reagent was added into all wells 

including the blank, mixed, and incubated 

wells for approximately 10 min. Then, 

absorbance was read at 546nm wavelength 

against reagent blank within 60 min using 

an Epoch microplate spectrophotometer 

(Biotechnology Medical Services MA 

02052, USA). Concentration was 

calculated by using the respective formula. 

2.7.2. Total Protein Assay. DiaSys 

Total Protein FS (REF:1 2311 99 10 021) 

kit was used for the estimation of total 

protein. Proteins form a violet-blue color 

complex with copper ions in an alkaline 

solution. For testing, 4μl of each sample 

was loaded in a 96-well microplate and 4μl 

of distilled water was added as blank. 

Afterwards, 200μl of Reagent 1 was added 

in all wells and mixed and absorbance A1 

was read after 1-5 min at 20-25ºC/37ºC at a 

wavelength of 546nm. Then, 50μl of 

Reagent 2 was added in all wells, mixed, 

and incubated for 5 minutes at 20-

25ºC/37ºC. Absorbance A2 was read at a 

wavelength of 546nm using an Epoch 

microplate spectrophotometer 

(Biotechnology Medical Services MA 

02052, USA).  

 2.7.3. Cholesterol Assay. DiaSys 

Cholesterol FS (REF:1 1300 99 10 021) kit 

was used for the estimation of cholesterol. 

For determining cholesterol after 

enzymatic hydrolysis and oxidation, the 

colorimetric indicator is quinonimine. It is 

generated from 4-aminoantipyrine and 

phenol by using hydrogen peroxide under 

the catalytic action of peroxidase. For 

testing, 20μl of each sample was added to 

the Eppendorf tube and 50μl of a 

precipitation reagent was added to it as 

well. It was incubated for 15 min at room 

temperature and then centrifuged for 20 

min at 2500g. Within 2 hours of 

centrifugation, 10μl of clear supernatant 

was transferred to the reaction solution for 

determining cholesterol. Afterwards, 10μl 

of each sample was loaded into a 96-well 

microplate and 10μl of the standard was 

added as well. Further, 100μl of cholesterol 

reagent was added to all wells including the 

blank, mixed, and incubated wells for 10 

min at room temperature or 5 min at 37ºC. 

Absorbance was observed at a wavelength 

of 546nm against the reagent blank value 

within 45 min using an Epoch microplate 

spectrophotometer (Biotechnology 

Medical Services MA 02052, USA). 

Concentration was calculated by the 

respective formula. 

2.7.4. Triglycerides Assay. DiaSys 

Triglycerides FS (REF:15710 99 10 021) 

kit was used for the estimation of 

triglycerides. Triglycerides are esters of 

cholesterol with three fatty acids and are the 

most abundant naturally occurring lipids. 

Triglycerides are determined after 

enzymatic splitting with lipoprotein lipase. 

The indicator is quinonimine which is 

generated from 4-aminoantipyrine and 4-

chlorophenol by hydrogen peroxide under 

the catalytic action of peroxidase. For 

testing, 2μl of each sample was loaded into 

a 96-well microplate and 2μl of distilled 

water was added as blank. Afterwards, 2μl 

of the standard was added as well. Then, 

reagent was added, mixed, and incubated 

for 20 minutes at 20-25ºC or 10 minutes at 
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37ºC. Absorbance was read at a wavelength 

of 546nm against the blank within 60 min 

using an Epoch microplate 

spectrophotometer (Biotechnology 

Medical Services MA 02052, USA). 

Concentration was calculated by using the 

respective formula. 

2.7.5. Uric Acid. DiaSys Uric Acid FS 

TBHBA (REF:1 3021 99 10 021) kit was 

used for the estimation of uric acid. Uric 

acid is oxidized to allantoin by uricase. The 

generated hydrogen peroxide reacts with 4-

amino antipyrine which reacts with 4-

amino antipyrine and 2,4,6-tribromo-3-

hydroxybenzoic acid to quinonimine. For 

testing, 4μl of each sample was loaded into 

a 96-well microplate and 4μl of distilled 

water was added as blank. Afterwards, 4μl 

of the standard was added as well. Then, 

200μl of Reagent 1 was added to all wells 

including blank, mixed, and incubated for 5 

min. Furthermore, Reagent 2 of 50μl was 

added, mixed, and incubated for 30 min at 

20-25ºC or 10 min at 37ºC. Absorbance 

was read at a wavelength of 546nm against 

the reagent blank within 60 min using an 

Epoch microplate spectrophotometer 

(Biotechnology Medical Services MA 

02052, USA). Concentration was 

calculated by using the respective formula. 

2.7.6. Aspartate Aminotransferase 

(ASAT). DiaSys ASAT (GOT) FS (IFCC 

mod.) (REF: 1 2601 99 10 021) kit was used 

for the estimation of ASAT. Aspartate 

aminotransferase is the most important 

representative of a group of enzymes, that 

is, aminotransferases or transaminases 

which catalyze the conversion of alpha-

keto acids into amino acids by transferring 

amino groups. The addition of pyridoxal-5-

phosphate (P-5-P), recommended by IFCC 

stabilizes the activity of transaminases and 

avoids falsely low values in samples 

containing insufficient endogenous P-5-P. 

For testing, 10μl of each sample was added 

into a 96-well microplate. Afterwards, 

100μl of Reagent 1 was loaded into all 

wells, mixed, and incubated for 5 min. 

Then, 25μl of Reagent 2 was added to all 

wells and similarly mixed. Absorbance was 

read at a wavelength of 365nm after 1 min 

and a stopwatch was started at that point in 

time for further reading. Absorbance was 

read again after 1, 2, and 3 mins, thereafter 

using an Epoch microplate 

spectrophotometer (Biotechnology 

Medical Services MA 02052, USA).  

2.8. Statistical Analysis 

The obtained data were assessed 

statistically by using the analysis of 

variance (ANOVA) and presented as means 

± SEM. Group differences were compared 

by using post hoc Tukey’s test with a 

significance level of p ˂ 0.05. 

3. RESULTS 

3.1. Effects of Sodium Gluconate (SG) on 

Growth Performance 

Results were obtained for growth 

parameters, such as body weight gain, FCR, 

feed intake, organ weight and length, and 

selected serum metabolites by using 

standard procedures or kits. The data were 

recorded and statistically evaluated, means 

were compared by one-way analysis of 

variance (ANOVA), and significant results 

were further analyzed by using Tukey’s 

post hoc test. 

3.2. Body Weight Response to SG 

Supplementation 

Table 1 presents the mean body weight 

of both the control and SG supplemented 

groups obtained using ANOVA. The 

results show that in week 4, growth of 

control group chicks was significantly 

higher than SG 4.5% supplemented group. 

Moreover, in week 5, growth of control 

group chicks was statistically higher than 
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both SG 4.5% and SG 5.5% supplemented 

groups. 

Table 1. Effects of Different SG Concentrations on Body Weight of Broilers 

Body 

Weight 

(G) 

Control SG 3.5% SG 4.5% SG 5.5% 
p-

value 

W1 153.50±3.07 150.00±4.18 152.75±1.70 152.25±2.66 0.862 

W2 456.00±34.22 463.00±40.48 408.50±27.82 435.25±38.01 0.704 

W3 866.50±14.08 827.50±45.91 848.25±27.45 833.50±30.33 0.822 

W4 1141.75±17.8ᵃ 1018.50±37.34ᵃᵇ 992.00±24.74ᵇ 1031.75±47.41ᵃᵇ 0.040 

W5 1564.25±58.6ᵃ 1401.75±28.26ᵃᵇ 1320.25±62.3ᵇ 1305.00±48.88ᵇ 0.014 

Data are presented as means ± SEM. a-b Superscripts show a significant group difference 

at p < 0.05. 

Table 2. Effects of Different SG Concentrations on Body Weight Gain of Broilers 

Body 

Weight 

Gain (G) 

Control SG 3.5% SG 4.5% SG 5.5% 
p-

value 

W1 107.75±2.66 117.25±7.44 108.25±2.10 106.50±2.22 0.303 

W2 303.00±32.36 294.75±35.73 245.75±30.65 283.00±37.26 0.658 

W3 410.50±24.56 364.75±45.33 440.25±36.96 398.00±60.63 0.684 

W4 275.00±10.4ᵃ 190.75±13.26ᵃᵇ 143.50±32.23ᵇ 198.00±33.89ᵃᵇ 0.020 

W5 422.50±48.7 391.67±21.06 328.50±63.93 273.50±15.39 0.137 

Data are presented as means ± SEM. a-b Superscripts show a significant group difference at 

p < 0.05. 

3.3. Body Weight Gain in Response to 

SG Addition in Feed 

Table 2 presents the mean body weight 

of both the control and supplemented SG 

groups obtained using ANOVA. The 

results show that in week 4, the growth of 

control group chicks was significantly 

higher as compared to SG 4.5% treated 

group. Hence, overall body weight gain 

was not affected by any of the SG treatment 

groups as compared to the control group. 

3.4. Effects of SG on Feed Intake in 

Broilers 

Data on feed intake was collected as 

grams of feed intake per week for both the 

control and SG supplemented groups. The 

collected data were evaluated by using one-

way ANOVA and presented as means ± 

SEM, as shown in Table 3. The results 

show that there were no statistical 

differences (p < 0.05) between the control 

and SG supplemented groups in any week 

of trial. 

Table 3. Effects of Different SG Concentrations on Feed Intake in Broilers 

Feed 

Intake (G) 
Control SG 3.5% SG 4.5% SG 5.5% 

p-

value 

W1 155.25±4.89 170.75±6.94 164.75±3.35 163.25±5.66 0.287 

W2 366.00±10.67 423.25±19.42 392.00±12.41 373.75±18.30 0.097 

W3 568.25±18.11 545.25±26.52 552.50±13.38 545.00±14.98 0.803 
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Feed 

Intake (G) 
Control SG 3.5% SG 4.5% SG 5.5% 

p-

value 

W4 844.50±15.52 869.75±38.33 771.00±16.11 773.25±38.76 0.079 

W5 690±3.07 707.21±37.27 759.27±9.86 781.4±7.71 0.167 

Data are presented as means ± SEM. 

Table 4. Effects of SG Inclusion on FCR in Broilers 

FCR Control SG 3.5% SG 4.5% SG 5.5% p-value 

W1 1.44±0.02ᵇ 1.64±0.02ᵃ 1.52±0.01ᵃᵇ 1.54±0.07ᵃᵇ 0.028 

W2 1.25±0.13 1.50±0.19 1.67±0.21 1.38±0.14 0.390 

W3 1.40±0.10 1.55±0.16 1.28±0.11 1.47±0.22 0.664 

W4 3.08±0.07 4.62±0.30 6.37±1.57 4.24±0.72 0.118 

W5 1.68±0.14ᵇ 1.75±0.21ᵇ 2.50±0.33ᵃᵇ 2.88±0.14ᵃ 0.007 

Data are presented as mean ± SEM. a-b Superscripts show a significant group difference at 

p < 0.05. 

3.5. Effects of SG on FCR 

The FCR data for SG was analyzed by 

using ANOVA, as shown in Table 4. The 

data revealed a significantly higher FCR in 

week 1 in SG 3.5% supplemented group in 

comparison to the control, SG 4.5%, and 

SG 5.5% supplemented groups. Further, the 

lowest FCR (p < 0.05) was manifested in 

the control group. Later, in week 5, a highly 

significant FCR was found in SG 5.5% 

supplemented group, as compared to all 

other groups. Thus, SG improved FCR at 

concentrations of 3.5% and 5.5% in week 1 

and week 5, respectively. 

3.6. Effects of Different SG 

Concentrations on Viscera Weights and 

Intestinal Lengths of Broilers 

Organ’s weight of all 4 groups, namely 

control, SG 3.5%, SG 4.5%, and SG 5.5% 

were measured. Further, the lengths of the 

intestines and caeca were also measured. 

All data were statistically analyzed through 

one-way ANOVA. Using Tukey’s post hoc 

test, significant mean group differences 

were calculated, as presented in Table 5. 

The statistical results show that the weights 

of the liver, heart, gizzard, proventriculus, 

spleen, pancreas, small intestine, and 

caecum remained unaffected by any 

concentration of SG. Only caecum length 

was increased (p < 0.05) in the birds 

supplemented with 5.5% SG, as compared 

with 3.5% SG supplemented birds. The 

length of the small intestine remained 

unaffected (p < 0.05) with SG 

supplementation. 

3.7. Blood Metabolites Status in 

Response to SG Supplementation 

At the end of the trial for SG as dietary 

supplementation, serum was collected 

(after slaughtering the birds) and tested for 

blood glucose, total protein, albumin, 

alanine aminotransferase, aspartate 

aminotransferase, triglycerides, 

cholesterol, and uric acid by using 

commercial kits. A significantly higher 

value for cholesterol was observed in 

control and SG 3.5% supplemented groups 

than in SG 4.5% and SG 5.5% groups. Uric 

acid was also higher (p < 0.05) in SG 3.5% 

as compared to both SG 4.5% and 5.5% 

groups. All the remaining blood 

metabolites remained unaffected (p < 0.05) 

by the dietary SG supplementation. 
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Table 5. Effects of Different SG Concentrations on Viscera Weights and Intestinal Lengths 

of Broilers 

Organs 

Weight G) 
Control 3.5% SG 4.5% SG 5.5% SG p-value 

Liver 41.63±2.10 37.47±1.99 37.13±2.44 40.55±1.24 0.308 

Heart 10.01±0.67 10.14±0.87 9.94±0.51 10.65±0.40 0.856 

Gizzard 35.43±1.28 32.81±1.41 33.24±0.89 34.28±1.52 0.496 

Proventriculus 7.18±0.32 6.80±0.26 7.59±0.34 7.74±0.27 0.132 

Spleen 1.72±0.22 1.21±0 .08 1.37±0.07 1.33±0.07 0.056 

Bursa 2.98±0.31 2.61±0.24 3.34±0.32 2.84±0.53 0.553 

Pancreas 4.23±0.24 3.59±0.22 3.95±0.22 4.03±0.26 0.301 

Small 

intestine 
48.52±1.87 44.67±1.59 45.71±2.44 44.16±2.30 0.465 

Caecum 2.44±0.18 2.33±0.10 2.09±0.18 2.57±0.19 0.243 

Caecal tonsil 0.59±0.06 0.51±0.03 0.59±0.07 0.56±0.03 0.634 

Organs Length (cms) 

Small 

intestine 
67.69±1.40 67.73±2.28 64.83±1.80 64.75±1.38 0.443 

Caecum 5.70±0.24ᵃᵇ 5.34±0.17ᵇ 6.09±0.23ᵃᵇ 6.43±0.25ᵃ 0.012 

Data are presented as means ± SEM. a-b Superscripts show a significant group difference 

at p < 0.05. 

Table 6. Effects of Different SG Concentrations on Selected Serum Metabolites of Broilers 

Blood 

Biochemistry 
Control SG 3.5% SG 4.5% SG 5.5% 

p-

value 

Glucose 

(mg/dL) 
162.73±6.64 176.56±8.66 171.76±6.87 168.00±10.62 0.691 

Total Protein 

(g/dL) 
2.91±0.44 3.33±0.13 3.83±0.51 3.43±0.17 0.352 

Albumin 

(g/dL) 
2.31±0.11 2.46±0.14 2.34±0.08 2.48±0.07 0.572 

ALT (U/L) 7.84±4.47 11.59±6.76 5.42±3.51 2.88±1.06 0.563 

AST (U/L) 20.48±I.40 17.87±0.96 16.88±1.87 17.50±1.03 0.277 

Triglycerides 

(mg/dL) 
95.14±2.93 95.63±10.27 161.31±51.46 138.39±33.28 0.361 

Cholesterol 

(mg/dL) 
98.73±10.54ᵃ 99.91±4.67ᵃ 77.86±2.70ᵇ 79.27±3.82ᵇ 0.023 

Uric acid 

(mg/dL) 
4.26±0.29ᵃᵇ 5.06±0.82ᵃ 3.48±0.22ᵇ 3.34±0.17ᵇ 0.048 

Data are presented as mean ± SEM. a-b Superscripts show a significant group difference at 

p < 0.05. 
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4. DISCUSSION 

The poultry gut is home to varied 

microbiota including bacteria, protozoa, 

and fungi which live in symbiotic 

association within the host gut. This 

microbiota keeps the gut healthy in 

homeostasis due to certain microbiological, 

physiological, and physical factors. The 

complex microbial intestinal population 

has a beneficial role in boosting the 

immune system, improving digestion, and 

eliminating pathogenic bacteria in the host. 

Any imbalance in this homeostatic 

condition may lead to poor feed intake, 

stunted growth, or mortality of birds [29]. 

Sub-therapeutic antibiotic supplementation 

has been used with significantly beneficial 

effects on the gut microbial population, 

immunological responses, antioxidant 

effects, and growth of the host [9].   

In the current study, a total of 100, one-

day-old, broilers were divided into four 

(04) groups. An ad-libitum basal diet was 

given to Group 1 without SG 

supplementation. While, groups 2, 3, and 4 

were given ad-libitum basal diet with SG 

supplementation at 3.5%, 4.5%, and 5.5% 

mixed with ration, respectively. Birds were 

weighed on the day of arrival at the 

experimental farm and before feeding by 

using digital weighing balance and then on 

a weekly basis for 35 days. FCR was 

calculated based on average weekly feed 

intake divided by average weight gain in 

grams. On the 36th day, two (02) birds from 

each replicate were randomly selected and 

slaughtered and their organs (heart, liver, 

pancreas, spleen, gizzard, proventriculus, 

small intestine, and caecum) were collected 

for weight and length measurements. It was 

determined that the concentrations of SG 

did not improve body weight (p < 0.05) in 

broilers. Hence, overall body weight was 

not affected by any treatment group as 

compared to the control group. The results 

are similar to [30] where no significant 

body weight gain in any treatment groups 

(0.0%, 0.1%, 0.2%, 0.3%, 0.4%) was 

noticed in broilers from 3 to 6 weeks of age. 

The current study revealed that in week 1 of 

the trial, a significantly higher FCR was 

observed in SG 3.5% group in comparison 

to control. Later, in week 5, a significant 

FCR (p < 0.05) was determined in SG 5.5% 

group as compared to the control and SG 

4.5% groups. Similarly, another study [31] 

reported that SG 3.35% supplementation 

significantly improved FCR. 

Organs are measured and weighed to 

ascertain any deviation from normal 

growth. The statistical results showed that 

the weight of the liver, heart, gizzard, 

proventriculus, spleen, pancreas, small 

intestine, and caecum remained unaffected 

by any concentration of SG. Only the 

caecum length increased (p < 0.05) in birds 

supplemented with SG 5.5%, as compared 

with SG 3.5% supplemented birds. A 

similar study [32] concluded that there was 

no significant increase in the weight of 

broilers’ heart, liver, and gizzard in 

response to organic acid supplementation. 

In the current study, the length of the small 

intestine remained unaffected (p < 0.05) 

with SG supplementation. 

The serum is collected and analyzed 

through various available kits to assess the 

health status of animals. For this purpose, 

blood metabolites such as glucose, 

cholesterol, triglycerides, total protein, 

albumin, AST, ALT, and uric acid were 

assessed in this research. In this trial, a 

significantly higher value of cholesterol 

was observed in the control and SG 3.5% 

groups, than in SG 4.5% and 5.5% groups. 

On the contrary, cholesterol was lowered 

by SG 4.5% and 5.5% supplementation. 

Uric acid was also higher (p < 0.05) in SG 

3.5% group as compared to both SG 4.5% 

and 5.5% groups. All the remaining blood 
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metabolites, that is, glucose, total protein, 

albumin, AST, ALT, and triglycerides 

remained unaffected (p < 0.05) by the 

dietary SG supplementation. A study [33] 

reported an increase in total protein as 

organic acids were supplemented in a feed 

of Cobb straight-run commercial broilers, 

which is contradictory to the results 

obtained about total serum protein. These 

results revealed that supplementing SG in 

broiler ration in concentrations of 3.5%, 

4.5%, and 5.5% didn’t enhance the growth 

parameters of chickens except that the FCR 

increased at a concentration of 5.5%, 

whereas cholesterol decreased at the same 

concentration. On the other hand, uric acid  

increased at 3.5% concentration. This trial 

established that SG has no significant effect 

in promoting the overall growth of broilers, 

although it does show some beneficial 

effects in terms of FCR and cholesterol 

reduction. More extensive study is 

suggested to investigate the effects of SG at 

different concentrations, feed formulation, 

and other experimental animals. Broilers 

are raised for meat and require growth 

promoters for optimal development. Hence, 

it is hypothesized that SG supplementation 

can improve growth performance in 

broilers.  

4.1. Conclusion 

In the current study, no significant 

effects were observed on body weight, 

body weight gain, feed intake, and FCR 

with SG in the diet during all the weeks, 

except in the 1st week where a significantly 

higher FCR was observed in SG 3.5% 

group, in comparison to the control. 

Similarly, a significant FCR was 

determined in week 5 in SG 5.5% group, as 

compared to the control and SG 4.5% 

groups. In the current study, viscera 

weights remained unaffected by SG 

supplementation and the small intestine 

length was also not affected. Only the 

caecum length increased (p < 0.05) in the 

birds supplemented with SG 5.5% in 

comparison with SG 3.5% supplemented 

birds. Moreover, all selected blood 

metabolites remained unaffected by the 

dietary SG supplementation, except 

cholesterol and uric acid. Both in SG 4.5% 

and SG 5.5% groups, cholesterol 

concentration was lesser in comparison to 

control and SG 3.5% groups. Uric acid was 

also higher (p < 0.05) in SG 3.5% as 

compared to both SG 4.5% and 5.5% 

groups. 
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