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Broiler production in tropical climates is faced with several challenges, 
especially heat stress, which disrupts production by impairing gastrointestinal 
integrity and nutrient absorption. Researchers are currently evaluating diverse 
strategies to alleviate the negative impacts of thermal stress on broilers, with 
dietary supplementation emerging as a prominent intervention. A six-week 
feeding trial using 300 Anak strain broiler chickens in a 3×2 factorial 
experiment evaluated natural mitigation strategies. Dietary kaolin (0, 20, and 
40 g/kg feed) and ascorbic acid (0 and 1000 mg/kg feed) supplementation was 
investigated for individual and interactive effects on growth performance, 
apparent nutrient digestibility, carcass traits, and hematological profiles under 
tropical conditions. The results indicated that dietary supplementation 
significantly improved final body weight, weight gain, feed conversion ratio, 
and nutrient digestibility compared to un-supplemented controls. Superior 
growth performance, enhanced carcass characteristics, and reduced feed cost 
per kilogram gain were exhibited by birds receiving combinations of kaolin 
(20–40 g kaolin/kg feed) and ascorbic acid (1000 mg ascorbic acid/kg feed). 
Systemic toxicity was absent, as confirmed by hematological indices remaining 
within normal physiological reference ranges across all treatment groups. The 
study shows that heat-induced stress can be effectively mitigated while 
enhancing nutrient utilization and optimizing productive efficiency in broiler 
chickens reared in tropical environments through the dietary inclusion of 
kaolin and ascorbic acid. 
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1. Introduction

Global population expansion has driven broiler poultry production into a central role for animal protein supply, fiscal 
growth, and food security, particularly across developing nations [1]. Extreme tropical climates, however, consistently 
trigger physiological disruptions in broiler operations despite the sector's vital contribution to sustainable protein 
production [2]. Among these environmental challenges in tropical Africa, elevated temperatures induce severe heat 
stress in birds. This thermal stress degrades gastrointestinal tract integrity, which subsequently impairs the nutrient 
absorption required for growth and development [3]. For that reason, heat stress represents one of the most perilous 
environmental hazards facing poultry production, causing major financial losses globally [4][5]. Productive 
performance, immune responsiveness, cellular energy bioavailability, and systemic homeostasis in birds are all 
adversely altered under these conditions [6]. Multiple trials confirm that heat stress depresses feed intake, feed 
efficiency, and overall weight gain in poultry [7], with basic survival physiologically prioritized over growth processes 
under these conditions [8].  
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Contemporary research trends in animal production increasingly emphasize natural substances over synthetic 
compounds. Eco-friendly dietary additives that fortify antioxidant defenses, enhance gut health, and improve nutrient 
absorption offer a strategic solution for profitable, sustainable broiler production in tropical regions [9]. 

Ascorbic acid (Vitamin C) represents one such viable feed additive. During infection and oxidative challenge, ascorbic 
acid functions as a primary antioxidant in poultry [10]. Under heat stress, Vitamin C supports cellular energy 
dynamics through corticosterone biosynthesis [11]. This antioxidant activity plays a crucial role in mitigating heat-
induced oxidative damage. Consequently, feed supplementation with ascorbic acid has been used to alleviate thermal 
stress, boost immune function, and enhance both growth rates and meat quality [12]. 

Kaolin, a widely available and cost-effective natural clay mineral, can similarly be integrated into poultry diets to 
boost productivity [13]. Clay minerals such as kaolin are formally recognized as technological feed additives in 
livestock nutrition [14]. Their application in animal husbandry promotes growth and performance by improving 
nutrient digestibility and systemic absorption [14]. Since clay minerals align naturally with animal ingestion behaviors 
and offer broad physiological benefits, their inclusion in livestock production [15] and pharmaceutical formulations 
[16] has expanded. Dietary kaolin enhances bird health, meat quality, feed intake, nutrient digestion, and metabolic 
rates; it also stabilizes feed quality, provides trace vitamins and minerals, adsorbs toxins, and reduces gastrointestinal 
disorders [17].  

To foster sustainable, environmentally safe broiler production, this investigation evaluated the effects of ascorbic acid 
and kaolin supplementation on growth performance, apparent nutrient digestibility, carcass traits, and hematological 
profiles of broiler chickens raised under tropical conditions. Ultimately, this research addresses key operational 
bottlenecks in tropical poultry farming, specifically the ongoing productional challenges of heat stress. 

2. Material and Methods 

2.1. Experimental site and duration of the study  

Research protocols complied with the institutional ethical standards established on November 13, 2013, by the 
University of Nigeria, Nsukka (Approval No: AGRIC/ANS/076/2023). Trials were conducted at the Poultry Teaching 
Farm of the University of Nigeria over a six-week duration. A total of 300 two-week-old mixed-sex Anak strain broiler 
chickens were initially weighed using an electronic scale. These birds were randomly allocated into six dietary 
treatments using a 3×2 factorial arrangement within a completely randomized design. Each treatment comprised five 
replications of 10 broilers. The design incorporated three inclusion levels of kaolin (0, 20, and 40 g/kg feed) and two 
inclusion levels of ascorbic acid (0 and 1000 mg/kg feed). The combinations of the aforementioned inclusion levels 
resulted in the following treatments: T1 (0 g kaolin + 0 mg ascorbic acid/kg), T2 (20 g kaolin + 0 mg ascorbic acid/kg), 
T3 (40 g kaolin + 0 mg ascorbic acid/kg), T4 (0 g kaolin + 1000 mg ascorbic acid/kg), T5 (20 g kaolin + 1000 mg 
ascorbic acid/kg), and T6 (40 g kaolin + 1000 mg ascorbic acid/kg). The feeding trial was conducted over a period of 
six consecutive weeks.  

2.2. Management of the birds 

Upon arrival, drinking water supplemented with a vitamin-mineral anti-stress formula (VP1000) was provided to the 
birds for three initial days. Routine vaccination protocols against Newcastle disease and Gumboro disease were 
administered across all experimental units. A commercial starter diet in crumble form was offered during the two-
week brood phase, followed by a finisher diet for the remaining four weeks. Birds received feed and water ad libitum 
throughout the 42-day trial. Strict biosecurity measures, including restricted access to the facility, were maintained to 
safeguard flock health. Moreover, daily clinical monitoring for symptoms of disease was conducted by a veterinarian. 

Housing consisted of 4×4 m experimental pens arranged within an open-sided deep litter building. Ambient housing 
temperatures were monitored using standard thermometers and maintained at a baseline of 25°C, reflective of the 
study area's typical ambient range of 25.4°C to 28.1°C. Concurrently, relative humidity fluctuated between 65% and 
70%. These environmental parameters established mild to moderate thermal stress conditions for the experimental 
birds throughout the trial. Continuous access to fresh water and feed was provided for the duration of the 42-day 
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study. Supplemental nighttime illumination was provided exclusively during the initial two-week starter period using 
200-watt white incandescent bulbs. 

2.3. Experimental diets and used material 

Basal feed constituents are presented in Table 1. Moisture 
content, crude fat, ash, and crude fiber were quantified via 
the Official Methods of Analysis of the Association of Official 
Analytical Chemists (AOAC) [18]. Crude protein values were 
measured using the Kjeldahl procedure. Diet energy content 
was subsequently determined using an Adiabatic Oxygen 
Bomb calorimeter (12149, PARR Instrument Co., Illinois).  

Kaolin is an odorless white, gray, or yellowish powder, 
which chemically consists of a hydrous aluminosilicate clay 
mineral with the formula Al2O3(SiO2)2(H2O)2, containing 
silicon, aluminum, oxygen, and hydrogen as core elements. 
Additional mineral oxides such as calcium, magnesium, 
titanium, and iron are also present. On the other hand, 
Ascorbic acid is defined by the chemical formula C6H8O6. 
Trusted local sources in Imo State, Nigeria, supplied the 
kaolin and Ascorbic acid. Both additives were kept at 
ambient temperature and maintained separate from the 
initial feed preparation. 

2.4. Growth performance assessment 

Initial body weights were measured before trial 
commencement using an electronic scale, with subsequent 
bird weights recorded at weekly intervals. Feed mass was 
recorded prior to distribution to quantify daily 
consumption. Daily feed intake was determined by 
subtracting residual feed in the troughs each morning from 
the initial mass supplied, dividing the resulting difference by 
the bird count per experimental unit. Feed conversion ratio 
(FCR) was calculated by dividing total feed consumption by 
body weight gain. Average daily feed intake (ADFI) and 
average daily weight gain (ADWG) were established by 
dividing total feed intake and total weight gain, respectively, 
by the duration of the trial in days. Feed cost per kg gain 
was calculated as the product of feed cost per kg and FCR. 

2.5. Hematological analysis 

Upon trial completion, two birds were randomly selected from each replicate, and 5 mL blood samples were harvested 
for hematological analysis. Collected samples were transferred immediately into labeled vials containing EDTA 
anticoagulant. An automated cell counter determined red blood cell count, hemoglobin concentration, and total white 
blood cell count within 24 hours of collection. Packed cell volume (PCV) and lymphocyte differentials were measured 
using a Neubauer hemocytometer. Mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean 
corpuscular hemoglobin concentration (MCHC) were calculated using standard mathematical formulas: 

 

 

Table 1. Composition of basal diets 

Ingredients (%) Starter Finisher 
Maize (%) 42.00 49.50 
Wheat offal (%) 7.10 5.00 
Soybean meal (%) 14.00 8.00 
Groundnut cake (%) 16.00 13.00 
Palm kernel cake (%) 10.00 14.30 
Fish meal (%) 1.50 1.00 
Bone meal (%) 2.70 2.00 
Di-calcium phosphate (%) 1.50 1.50 
Vitamin premix (%) 0.13 0.13 
Palm oil (%) 4.00 5.00 
Mineral premix (%) 0.12 0.12 
L-Methionine (%) 0.10 0.10 
Antioxidant (%) 0.10 0.10 
Toxin binder (%) 0.10 0.10 
DL- Methionine (%) 0.15 0.15 
Salt (%) 0.25 0.25 
L-Lysine (%) 0.25 0.25 
Calculated nutritive values (%)   
Crude protein (%) 22.59 20.03 
Dry matter (%) 90.12 90.15 
Metabolizable energy (Kcal /kg) 2914 3012 
Crude fiber (%) 3.50 3.60 
Ether extract (%) 4.01 3.56 
Ash (%) 5.78 5.50 
Vitamin and mineral premix per/kg of diet: Vitamin D3 
(100000 I.U), Vitamin E (50000mg), Vitamin K3 (500mg), 
Vitamin B1 (1500mg), Vitamin B6 (2000mg), Vitamin A 
(5000 I.U), Vitamin B2 (22000mg), Vitamin B12 (10mg), 
Copper (3400mg), Iodine (600mg), Cobalt (120mg), 
Selenium (48mg) , Folic acid (400mg), Biotin (32mg), 
Choline chloride (2000mg), Manganese (10000mg), Niacin 
(22000mg), iron (40000mg), Zinc (32000mg) 
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𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (%) =
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 (𝑔𝑔/𝑑𝑑𝑑𝑑)

𝑃𝑃𝑃𝑃𝑃𝑃 (packed cell volume) (%)
× 100 

𝑀𝑀𝑀𝑀𝑀𝑀 (𝑝𝑝𝑝𝑝/𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) =
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 (𝑔𝑔/𝑑𝑑𝑑𝑑)

𝑅𝑅𝑅𝑅𝑅𝑅 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 
× 100 

𝑀𝑀𝑀𝑀𝑀𝑀 (𝑓𝑓𝑓𝑓) =
𝑃𝑃𝑃𝑃𝑃𝑃 (%)
𝑅𝑅𝑅𝑅𝑅𝑅 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

× 10 

2.6. Evaluation of carcass and organ characteristics 

On the final day of the study, five birds were selected from each replicate for carcass and organ evaluations. Individual 
body weights were recorded prior to slaughter via an external throat cut. The butchered broilers were briefly 
immersed in warm water, allowing gentle feather removal to prevent skin tearing. Following plucking, the de-
feathered carcasses were weighed. Birds were then meticulously dissected: the gastrointestinal tract was carefully 
extracted, and individual internal organs were removed and isolated. The remaining eviscerated carcasses underwent 
systematic dissection. Each body part was weighed independently on an electronic balance, with values recorded in 
grams. Dissection tools were disinfected in ethanol after processing each bird. 

2.7. Apparent nutrient digestibility 

For the apparent nutrient digestibility analysis, three broilers were randomly selected from each replicate at trial 
completion and housed in clean metabolic cages. Specific quantities of the treatment diets were supplied during a five-
day adaptation phase, followed by a four-day collection of fecal material. Collected bird droppings were dried in an 
airtight oven at 65°C until a constant weight was reached, after which samples were ground through a 1 mm mesh 
screen. Proximate compositions of the provided feed and harvested fecal samples were analyzed according to 
standard procedures [18]. Apparent digestibility percentages for dry matter, crude protein, crude fiber, and ether 
extract were calculated using the following equation: 

Apparent nutrient digestibility (%) =
Nutrient intake −  Nutrient in excreta

Nutrient intake
× 100 

 

2.8. Statistical analysis 

The collected data were subjected to a two-way analysis of variance (ANOVA). Mean differences were separated using 
Duncan’s New Multiple Range Test (DNMRT) in IBM SPSS Statistics version 28, with statistical significance accepted at 
a probability level of p<0.05. 

3. Results and Discussion 

3.1. Kaolin and ascorbic acid effects on growth performance 

The main effects of dietary kaolin and ascorbic acid inclusion on broiler growth performance are demonstrated in 
Table 2 and Table 3. Significant differences emerged across mean values for feed intake, average daily feed intake 
(ADFI), weight gain (WG), average daily weight gain (ADWG), final body weight (FBW), and feed conversion ratio 
(FCR). Birds receiving 40 g kaolin/kg exhibited the lowest feed intake and ADFI, which did not differ significantly from 
the control diet. Conversely, the control group recorded the lowest values for WG and ADWG, showing statistical 
equivalence to the 20 g kaolin/kg treatment. The 40 g kaolin/kg inclusion yielded the lowest FCR and feed cost per 
kilogram gain. Dietary ascorbic acid did not influence feed intake or ADFI, whereas WG, ADWG, and FCR responded 
significantly. The 1000 mg/kg ascorbic acid level produced the highest WG, ADWG, and FBW, alongside the lowest 
FCR and feed cost per kilogram gain. Table 3 illustrates the interaction effects of kaolin and ascorbic acid on 
performance metrics. Statistically significant differences were observed for feed intake, ADFI, WG, ADWG, feed cost 
per kilogram gain, and FCR. Broilers on treatments T3, T4, and T6 consumed less feed than other groups. Higher WG, 
ADWG, and FBW occurred in treatments T5 and T6 relative to the remaining cohorts. Treatments T1 and T2 yielded 
higher FCR and feed cost per kilogram gain compared to other diets. Evaluated collectively, growth metrics and feed 
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efficiency indices reflect the biological efficacy of these dietary additives. The observed improvements in weight gain, 
ADFI, FCR, and feed cost per kilogram gain favor the supplemented groups, likely resulting from the combined 
physiological effects of kaolin and ascorbic acid. 

Table 2. Main effect of dietary inclusion of kaolin and ascorbic acid on growth performance of broiler birds 

Treatments FI ADFI WG ADWG FBW FCR 
Feed 

cost/kg 
gain ($) 

Main effect of kaolin 
0 g 4983.04ab 118.64ab 1838.01b 43.76b 2218.26 2.73a 1.73a 

20 g 5284.08a 125.81a 2013.41ab 47.94ab 2334.78 2.53a 1.60a 
40 g 4685.12b 111.55b 2132.02a 50.76a 2452.47 2.23b 1.58b 
SEM 73.77 1.75 50.72 1.2 49.92 0.05 0.04 

P-values 0.002 0.002 0.054 0.054 0.163 0.001 0.001 
Main effect of ascorbic acid 

0 g 4995.22 118.93 1855.21b 44.17b 2181.42b 2.71a 1.72a 
1000 mg 4972.95 118.4 2133.74a 50.80a 2489.32a 2.28b 1.45b 

SEM 73.77 1.75 50.72 1.2 49.92 0.05 0.04 
P-values 0.883 0.883 0.004 0.004 0.001 0 0 

SEM=Standard error of the mean, IBW=Initial body weight, FI=Feed intake, ADFI=Average daily feed Intake, 
WG=Weight gain, ADWG=Average daily Weight, FCR=Feed conversion ratio.  
Means with different superscripts within the same parameter are significantly different (p<0.05). 

 

Table 3. Interaction effect of dietary inclusion of kaolin and ascorbic acid on growth performance of broiler birds 

Parameters 
Treatments 

SEM P-values 
T1 T2 T3 T4 T5 T6 

IBW (g) 332.84 323.9 322.05 305.49 318.73 318.84 3.24 0.284 
FI (g) 5124.60ab 5250.57a 4610.49c 4841.49abc 5317.60a 4759.76bc 73.77 0.015 

ADFI (g) 122.01ab 125.01a 109.77c 115.27abc 126.61a 113.33bc 1.75 0.015 
WG(g) 1810.05c 1826.55c 1929.04bc 1865.97c 2200.26ab 2335.00a 50.72 0.002 

FBW(g) 2142.76c 2150.40c 2251.10bc 2171.46bc 2518.73ab 2653.84a 49.92 0.005 
ADWG (g) 43.09c 43.49c 45.92bc 44.42c 52.39ab 55.59a 1.2 0.002 

FCR 2.86a 2.87a 2.40b 2.59b 2.19c 2.07c 0.05 0 
Feed 

cost/kg 
gain ($) 

1.81a 1.82a 1.52b 1.64b 1.39c 1.31c 0.04 0 

SEM=Standard error of the mean, IBW=Initial body weight, FI=Feed intake, ADFI=Average daily feed Intake, WG=Weight gain, 
ADWG=Average daily Weight, FCR=Feed conversion ratio.  
T1: 0 g kaolin + 0 mg ascorbic acid/kg, T2: 20 g kaolin + 0 mg ascorbic acid/kg, T3: 40 g kaolin + 0 mg ascorbic acid/kg, T4: 0 g 
kaolin + 1000 mg ascorbic acid/kg, T5: 20 g kaolin + 1000 mg ascorbic acid/kg and T6: 40g kaolin + 100mg ascorbic acid/kg 
feed.  
Means with different superscripts within the same parameter are significantly different (p<0.05). 

 

These findings align with other reports [13][19], wherein dietary clay minerals such as sodium bentonite and kaolin 
enhanced body weight gain and feed efficiency. Kaolin administration elevates gastrointestinal enzyme secretion and 
catalytic activity [20]. From a digestive perspective, kaolin absorbs luminal moisture, increasing digesta viscosity and 
delaying passage through the gastrointestinal tract [21]. This prolonged transit time provides additional duration for 
nutrient absorption, thereby supporting tissue deposition. Clay-rich diets can also elevate luminal enzyme 
concentrations, facilitating the digestion and absorption of lipids, proteins, and carbohydrates to enhance productive 
yield [22]. 
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Additionally, weight gain in kaolin-supplemented broilers may stem from alterations in gastrointestinal pH. Elevating 
gut pH toward 6 enhances the bioavailability and transport of specific cations across the mucosal membrane, 
promoting weight gain. Previous research indicated that clay minerals expand jejunal villus height, widening the 
surface area available for nutrient absorption [23]. Intestinal villi function as the primary structural interface for 
nutrient uptake in livestock [24]. By expanding villus height in the small intestine, kaolin increases total absorptive 
surface area over time. This morphological adaptation offers a plausible mechanism for the superior growth indices 
and reduced feed cost per kilogram gain observed in treatment groups relative to controls. Furthermore, broilers in 
treatments T3 and T6 (40 g kaolin/kg) consumed less feed than other experimental groups. The viscous properties of 
kaolin slow digesta movement along the gastrointestinal tract, which likely induced early satiety and reduced 
voluntary feed intake in these birds [25][26]. 

The enhanced body weight, ADWG, FCR, and cost efficiency in ascorbic acid-supplemented broilers further reflect the 
metabolic benefits of vitamin C in poultry physiology. These observations agree with previous studies highlighting the 
role of ascorbic acid in maintaining feed efficiency and growth during environmental heat stress [27][28]. Vitamins 
serve as essential micro-nutrients required for diverse physiological and biochemical pathways. Dietary 
supplementation with ascorbic acid mitigates metabolic stress indicators, boosts immune status, reduces mortality, 
and supports growth [30]. Consequently, the antioxidant capacity of ascorbic acid likely explains the improved growth 
performance of supplemented broilers relative to the control group. 

Oxidative stress impairs physiological processes during high environmental temperatures, compromising overall 
growth [31]. The radical-scavenging properties of ascorbic acid attenuate oxidative damage, protecting cellular 
structures and sustaining growth trajectory. Ascorbic acid also participates in the biosynthesis of corticosterone, a 
steroid hormone crucial for modulating energy metabolism during stressful conditions [32]. Supplementation enables 
broilers to sustain growth potential during heat exposure by supporting energetic homeostasis. Furthermore, vitamin 
C stabilizes systemic pH and reduces respiratory alkalosis, a physiological imbalance triggered by severe 
hyperventilation in heat-stressed poultry [32]. By mitigating oxidative stress, ascorbic acid assists birds in utilizing 
dietary nutrients to fulfill their genetic potential for growth. In heat-stressed broilers, it was reported that ascorbic 
acid supplementation elevated feeding activity and weight gain while diminishing distress behaviors [33]. This 
evidence indicates that ascorbic acid enhances growth performance while simultaneously improving animal welfare. 

Moreover, ascorbic acid improves nutrient absorption and utilization, key factors for achieving target growth and feed 
conversion ratios. As noted by [34], broilers supplemented with ascorbic acid demonstrated improved FCR and 
weight gain, reflecting heightened metabolic efficiency. Multiple studies further confirm that ascorbic acid enhances 
intestinal morphology, directly impacting protein and carbohydrate metabolism, nutrient uptake, and overall 
productivity [35]. In contrast, un-supplemented control birds exhibited elevated FCR and lower weight gain values. 
These adverse outcomes stem from the unmitigated physiological impact of heat stress, which depresses growth rate 
and impairs feed conversion efficiency in poultry [36]. 

3.2. Kaolin and ascorbic acid effects on carcass characteristics  

Table 4 illustrates the interaction effects of dietary kaolin and ascorbic acid on the carcass characteristics of broiler 
chickens. Significant differences occurred across mean values for live weight, dress weight, small intestine weight, 
small intestine length, and the weights of the head, neck, wing, shank, and thigh. Conversely, dietary interactions 
exerted no significant effect on spleen, proventriculus, gizzard, or kidney weights. Broilers on treatment T1 exhibited 
the lowest live weights, showing statistical equivalence to groups T2, T3, and T5. Treatment T1 also yielded the lowest 
values for dressed carcass, wing, and thigh weights across all groups. Birds receiving treatment T2 recorded the 
lowest head, shank, and drumstick weights, whereas treatment T4 resulted in the lowest neck, liver, and breast 
weights. The lowest small intestine weight and length occurred in treatment T1 compared to other experimental 
groups. Overall, broilers fed kaolin and ascorbic acid diets demonstrated superior carcass traits relative to those on 
the control diet. 
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Table 4. Interaction effect of dietary inclusion of kaolin and ascorbic acid on carcass characteristics of broiler birds 

Parameters Treatments SEM P-
values T1 T2 T3 T4 T5 T6 

Live weight (g) 2200.00b 2448.84ab 2380.20ab 2510.90a 2484.40ab 2528.40a 42.08 0 
Dress weight (g) 1980.65e 2170.31b 2160.30c 2210.10a 2161.81c 2067.80d 23.35 0 
Head weight (g) 59.10e 55.61f 64.11d 71.11b 85.00a 66.01c 2.86 0 
Neck weight (g) 66.93d 65.13e 70.22b 64.00f 71.21a 68.52c 0.78 0 
Wing weight (g) 162.21f 177.01e 179.61b 180.83a 177.83d 179.02c 1.9 0 
Shank weight (g) 86.61d 66.61f 77.63e 89.41c 109.21a 90.41b 3.91 0 
Thigh weight (g) 195.24f 248.21b 202.93e 236.11c 317.84a 209.21d 12.5 0 
Liver weight (g) 57.23d 52.51e 59.74c 44.22f 61.01b 62.31a 1.87 0 

Spleen weight (g) 5.41 5.33 5.21 5.33 4.21 4.11 1.89 0.23 
Proventriculus weight (g) 14.2 12.91 14.61 13.5 13.01 14.05 2.3 0.5 

Gizzard weight (g) 31.51 34.9 32.71 35.36 35.01 33.01 3.56 0.08 
Kidney weight (g) 3.51 3.51 3.1 3.3 3.2 3.01 0.89 0.1 
Breast weight (g) 747.93c 694.80d 816.61a 646.10f 784.60b 678.61e 18.13 0 
Drum weight (g) 251.61a 184.50f 217.21c 191.10e 240.70b 203.20d 7.43 0 

SIW(g) 185.32d 190.15b 187.80c 195.80a 191.30b 195.83a 1.17 0 
SIL(cm) 180.01d 204.00c 183.01d 217.00b 246.50a 198.00c 6.82 0 

SEM= Standard error of the mean, SIW=Small intestine, SIL=Small intestine lengths.  
T1: 0 g kaolin + 0 mg ascorbic acid/kg, T2: 20 g kaolin + 0 mg ascorbic acid/kg, T3: 40 g kaolin + 0 mg ascorbic acid/kg, T4: 0 g 
kaolin + 1000 mg ascorbic acid/kg, T5: 20 g kaolin + 1000 mg ascorbic acid/kg and T6: 40g kaolin + 100mg ascorbic acid/kg 
feed.  
Means with different superscripts within the same parameter are significantly different (p<0.05). 

 
 

Enhanced carcass yield correlates directly with superior growth performance, reflecting adequate nutrient utilization 
and muscle tissue deposition. The improved carcass yield observed in kaolin-fed broilers likely stems from the ability 
of kaolin to enhance nutrient digestibility, thereby increasing metabolic substrate availability for tissue growth [37]. 
Diets supplying sufficient essential nutrients enable farm animals to achieve appropriate tissue deposition and 
structural development. Furthermore, the increased weight and length of the small intestine in supplemented groups 
may reflect heightened energetic support for enterocyte proliferation. Kaolin facilitates this response through 
improved nutrient digestibility, which stimulates crypt cell mitosis [38]. By maximizing nutrient uptake, dietary kaolin 
ultimately enhances overall carcass yield. The efficacy of kaolin in driving carcass yield also relates to its rich mineral 
profile, including macro-minerals (calcium, sodium, magnesium) and micro-minerals (iodine, selenium, iron, zinc), 
which support essential enzymatic and hormonal pathways involved in growth [39]. 

Additionally, ascorbic acid improves carcass yield by enhancing nutrient absorption and metabolic efficiency. This 
improvement occurs primarily through heat stress mitigation and immune enhancement. It was previously reported 
that broiler chickens receiving ascorbic acid supplementation exhibited higher weight gain, which directly translates 
to improved carcass yield relative to slower-growing birds [34]. The carcass improvements in the present study align 
with previous reports that observed enhanced carcass metrics in broilers supplemented with dietary kaolin [13] and 
ascorbic acid [34] compared to control groups. 

In contrast, the reduction in small intestine length in control birds likely relates to decreased intestinal fill thickness 
alongside reduced crypt cell generation rates [40]. Gastrointestinal shortening may also stem from decreased 
viscosity of intestinal contents, reduced cecal volatile fatty acid absorption, and accelerated digesta transit time driven 
by increased aqueous dilution [40]. 

3.3. Kaolin and ascorbic acid effects on hematological indices 

Table 5 presents the interaction effects of dietary kaolin and ascorbic acid on the hematological indices of broiler 
chickens. Significant differences occurred across treatments for Packed cell volume (PCV), Hemoglobin (Hb), Mean 
corpuscular volume (MCV), White blood cell (WBC), and Lymphocytes. On the other hand, no significant differences 
were observed between treatments in terms of Red blood cell (RBC), Mean corpuscular hemoglobin (MCH), Mean 
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corpuscular hemoglobin concentration (MCHC), Monocyte, and Eosinophils. T4 (0 g kaolin + 1000 mg ascorbic 
acid/kg) recorded the highest hemoglobin concentration among treatments (11.9 g/dl), while the lowest value was 
observed in control (8.26 g/dl) and T6 (9 g/dl). Control (T1) surpassed all other treatments in terms of MCV (92 fl), 
WBC (25.33×103/mm3) and lymphocyte (45.16) counts. 

Table 5. Interaction effect of dietary inclusion of kaolin and ascorbic acid on hematological indices of broiler birds 

Parameters Normal 
range 

Treatments 
SEM P-

values T1 T2 T3 T4 T5 T6 
PCV (%) 22-35 29.00b 32.00ab 31.16ab 34.66a 33.33a 32.91a 0.53 0.003 
Hb (g/dl) 7-13 8.26c 10.06b 9.66b 11.90a 9.93b 9.00bc 0.25 0.001 

RBC (x 106/mm3) 2.5-4.0 3.15 3.10 3.21 3.56 3.48 3.51 0.07 0.341 
MCH (pg) 27.20-28.90 29.66 28.27 29.97 28.29 28.99 27.68 0.28 0.931 
MCV (fl) 81.60-89.10 92.00a 84.04bc 83.63bc 85.45b 83.33bc 82.85c 0.59 0.021 

MCHC (%) 26-35 36.22 28.51 27.68 29.14 27.90 27.13 0.38 0.124 
WBC (x103/mm3) 12-31 25.33a 18.33bc 17.67cd 20.33b 15.75d 16.17cd 0.62 0.005 
Lymphocytes (%) 20-50 54.16a 48.50bc 47.50c 49.66b 45.50c 44.00c 0.59 0.012 

Monocyte (%) 0-30 2.50 1.83 1.33 2.33 2.05 2.00 0.15 0.653 
Eosinophils (%) 1-50 2.33 1.00 1.33 1.00 1.33 1.66 0.21 0.764 

SEM=Standard error of the mean, PCV=Packed cell volume, Hb=Hemoglobin, RBC=Red blood cell, MCH=Mean orpuscular 
hemoglobin, MCV=Mean corpuscular volume, MCHC=Mean corpuscular hemoglobin concentration, WBC=White blood cell.  
Normal parameter ranges were obtained from literature [41-43].  
T1: 0 g kaolin + 0 mg ascorbic acid/kg, T2: 20 g kaolin + 0 mg ascorbic acid/kg, T3: 40 g kaolin + 0 mg ascorbic acid/kg, T4: 0 g 
kaolin + 1000 mg ascorbic acid/kg, T5: 20 g kaolin + 1000 mg ascorbic acid/kg and T6: 40g kaolin + 100mg ascorbic acid/kg 
feed.  
Means with different superscripts within the same parameter are significantly different (p<0.05). 

 

Across all treatment groups, blood parameter values remained within established physiological reference ranges for 
healthy chickens [41-43]. These outcomes indicate that the tested dietary levels of kaolin and ascorbic acid caused no 
systemic toxicity. Nevertheless, hematological profiling in test animals serves as a sensitive diagnostic approach to 
identify subclinical physiological disruptions that impair animal welfare before physical symptoms manifest [44]. As 
noted by [45], blood constituents provide a reliable baseline for assessing overall physiological health. 

Although primary parameters such as RBC, PCV, and Hb remained within reference norms, supplemented groups 
consistently displayed higher values than controls. These trends align with prior findings where kaolin 
supplementation lowered WBC counts while marginally elevating PCV, RBC, and Hb levels [46]. Packed cell volume 
measures the proportion of erythrocytes relative to total blood volume [47]. PCV plays an essential role in oxygen 
transportation and systemic nutrient distribution to target tissues. Similarly, red blood cell metrics provide insights 
into total hemoglobin content and average erythrocyte size. Erythrocytes transport oxygen to tissues to fuel oxidative 
energy production while clearing carbon dioxide waste [48], alongside driving hemoglobin synthesis. 

Although PCV values in this trial remained within physiological bounds, excessive PCV elevation above reference 
thresholds typically signals a surge in circulating red cell mass or a reduction in plasma volume, often triggered by 
chronic respiratory pathology [49]. Elevated PCV can also indicate iron overload disorders, rickets, or autonomous 
nonhypoxic erythropoietin secretion [50]. Furthermore, a PCV reading above 56% serves as a primary clinical marker 
of severe dehydration in avian species. In the current study, no PCV value exceeded 34.66%, which aligned with 
established broiler reference ranges [51][52]. 

Fluctuations in RBC, Hb, and PCV can also reflect metabolic energy adjustments in poultry [53]. Multiple factors 
influence hematological variables, including physiological state, environmental conditions, age, breed, sex, diet, and 
disease exposure [54]. From a nutritional perspective, the higher PCV, Hb, and RBC values in kaolin- and ascorbic acid-
fed groups likely stem from enhanced utilization of dietary components and bioactive minerals in kaolin. Both sex and 
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dietary composition exert a strong influence on baseline erythrocyte ranges in poultry [55]. Dietary iron is an 
essential precursor for hemoglobin synthesis, and adequate iron intake directly supports robust erythropoiesis [56]. 
Clay minerals like kaolin contain essential elements, including magnesium, zinc, sodium, iron, potassium, calcium, and 
nickel [57]. These minerals increase the bioavailability, absorption, and metabolic utilization of trace elements [24], 
enabling birds to maximize nutrient efficiency for hemoglobin synthesis and erythrocyte production [58]. 
Consequently, the reduced PCV and hemoglobin levels in control birds likely reflect reduced dietary nutrient 
utilization. Conversely, the elevated mean PCV, hemoglobin, and RBC values in supplemented groups suggest an 
enhanced oxygen-carrying capacity in systemic circulation.  

Mean WBC counts remained within normal physiological ranges of 12,000–30,000 /µL [41], though the control group 
exhibited relatively elevated levels. White blood cells defend the host against pathogenic invasion through antibody 
production and immune responses. The higher WBC count in control birds may relate to greater microbial loads in the 
floor litter [19]. Litter quality remains a critical factor in poultry management, as damp bedding serves as a vector and 
reservoir for bacterial, viral, and parasitic pathogens [59]. High microbial burdens in litter expose birds to persistent 
pathogenic challenges, triggering compensatory leukocyte production. According to [19], incorporating clay minerals 
like sodium bentonite into broiler diets significantly reduces litter pathogen counts. 

In addition to infectious pressure, environmental stress can trigger elevated WBC, MCV, and lymphocyte counts. 
Consequently, monitoring these parameters provides a reliable indicator of systemic stress exposure. The higher MCV, 
WBC, and lymphocyte counts observed in control birds likely reflect heightened physiological stress. MCV measures 
average erythrocyte volume, and stress responses routinely elevate circulating WBCs, lymphocytes, and MCV. Control 
birds likely experienced a greater impact from thermal stress during the trial than supplemented groups. 
Furthermore, the lower hemoglobin levels in un-supplemented controls suggest higher vulnerability to environmental 
stressors [60]. 

The reduced WBC, MCV, and lymphocyte counts in ascorbic acid-supplemented groups highlight the protective role of 
vitamin C against oxidative stress [61]. As a potent antioxidant, ascorbic acid neutralizes cytotoxic free radicals, 
blunting heat-induced oxidative damage and maintaining cellular structural integrity [62][63]. 

 3.4. Kaolin and ascorbic acid effects on nutrient 
digestibility 

Table 6 presents the main effects of dietary kaolin on the 
apparent nutrient digestibility of broiler chickens. 
Statistically significant differences occurred across values for 
dry matter, crude protein, crude fiber, and crude fat 
digestibility. Dry matter digestibility percentages in birds 
receiving 20 g kaolin/kg and 40 g kaolin/kg surpassed the 
baseline value of 73.33% recorded in the control group. The 
percentage digestibility values for crude protein, crude fiber, 
and crude fat exhibited patterns parallel to dry matter 
digestibility. Table 6 also outlines the main effects of 
ascorbic acid on apparent nutrient digestibility (%). 
Apparent digestibility values for dry matter, crude protein, 
crude fiber, and crude fat differed significantly, with ascorbic 
acid-supplemented birds showing higher values than those 
on the control diet. 

Table 7 displays the interaction effects of kaolin and ascorbic 
acid on apparent nutrient digestibility in broiler chickens. 
Experimental treatments exerted a significant influence on 
mean percentage values for dry matter, crude protein, crude fiber, and crude fat digestibility. Apparent dry matter 
digestibility in control birds (T1) was statistically equivalent to treatment T4; both remained lower than the 77.33%, 
80.00%, 85.66%, and 82.33% recorded for groups T2, T3, T5, and T6, respectively. Crude protein digestibility in birds 

Table 6. Main effect of dietary kaolin and vitamin C on 
apparent nutrient digestibility (%) of broiler birds 

Treatments 
Dry 

matter 
(%) 

Crude 
protein 

(%) 

Crude 
fiber 
(%) 

Crude 
fat 

(%) 
Main effect of kaolin 

0 g 73.33b 69.66b 61.50b 71.00b 
20 g 81.50a 76.16a 66.33a 77.17a 
40 g 81.16a 77.00a 65.33a 76.16a 
SEM 1.14 1.13 0.84 0.86 

P-values 0.003 0 0.004 0.01 
Main effect of vitamin C 

0 g 76.55b 72.22b 62.66b 73.11b 
1000 Mg 81.11a 76.33a 66.11a 76.00a 

SEM 1.14 1.13 0.84 0.86 
P-values 0.008 0.008 0.001 0.004 

SEM=Standard error of the mean. 
Means with different superscripts within the same 
parameter are significantly different (p<0.05). 
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receiving T1, T2, and T4 showed statistical equivalence, remaining below the 76.33%, 80.66%, and 77.77% observed 
in groups T3, T5, and T6. Crude fiber digestibility in treatments T1 to T4 did not differ significantly, though all four 
groups remained substantially below the 69.33% and 66.66% recorded for T5 and T6. As for crude fat digestibility, 
the treatment T5 yielded higher value (80.66%) than other treatments. 

Table 7. Interaction effect of dietary kaolin and litter vitamin C on apparent nutrient digestibility (%) in broiler birds 

Parameters 
Treatments 

SEM P-values 
T1 T2 T3 T4 T5 T6 

Dry matter (%) 72.33e 77.33cd 80.00bc 75.33de 85.66a 82.33ab 1.14 0.023 
Crude protein (%) 68.66b 71.66b 76.33a 70.66b 80.66a 77.66a 1.13 0.006 

Crude fiber (%) 60.66c 63.33bc 64.00bc 62.33bc 69.33a 66.66ab 0.84 0.001 
Crude fat (%) 70.00e 73.66cd 75.66bc 72.00de 80.66a 76.66b 0.86 0.019 

SEM=Standard error of the mean. 
T1: 0 g kaolin + 0 mg ascorbic acid/kg, T2: 20 g kaolin + 0 mg ascorbic acid/kg, T3: 40 g kaolin + 0 mg ascorbic acid/kg, T4: 0 g 
kaolin + 1000 mg ascorbic acid/kg, T5: 20 g kaolin + 1000 mg ascorbic acid/kg and T6: 40g kaolin + 100mg ascorbic acid/kg 
feed.  
Means with different superscripts within the same parameter are significantly different (p<0.05). 

 

Overall, kaolin-supplemented broilers exhibited superior apparent nutrient digestibility compared to un-
supplemented controls. These results align with previous research reporting enhanced nutrient digestibility in 
broilers fed kaolin diets relative to control groups [37]. The heightened apparent digestibility observed in 
supplemented groups likely stems from enhanced gastrointestinal integrity [64]. Gastrointestinal morphology directly 
influences feed degradation and nutrient absorption, as maintaining gut health optimizes digestive efficacy. Kaolin 
strengthens intestinal structural integrity by sequestering harmful metabolic compounds and neutralizing pathogens 
within the digestive tract [65]. By absorbing or neutralizing enteric pathogens that induce mucosal damage, kaolin 
preserves the intestinal epithelium and mucosal barrier, thereby enhancing nutrient digestibility [66]. Furthermore, 
kaolin exhibits immunomodulatory and antimicrobial properties [67][68]. Research indicates that incorporating clay 
minerals like kaolin into poultry diets improves nutrient digestibility by prolonging digesta retention time within the 
gastrointestinal tract, thereby exposing feed particles to extended enzymatic action [20]. Dietary clay 
supplementation further enhances nutrient digestibility by expanding the functional surface area of the 
gastrointestinal tract [69]. 

This improved apparent digestibility may also relate to the positive impact of kaolin on endogenous enzyme activities. 
Dietary clay minerals enhance both the secretion and catalytic activity of gastrointestinal enzymes [70]. Specifically, 
metallic cations abundant within the porous lattice of kaolin function as cofactors, stimulating the secretion and 
structural stabilization of key digestive enzymes such as xylanases, proteases, and lipases [71]. 

Additionally, the enhanced digestibility observed in treatment groups relative to controls reflects the metabolic 
contributions of dietary ascorbic acid. As demonstrated by [34], ascorbic acid supplementation improves nutrient 
digestibility and retention in broiler chickens compared to control diets. Ascorbic acid promotes weight gain by 
mitigating oxidative stress and sustaining metabolic energy pathways, particularly under hyperthermic conditions 
[72]. Beyond its primary radical-scavenging capacity [73], ascorbic acid preserves gut health by reducing mucosal 
inflammation [10] and maintaining a balanced enteric microbiota. Microbial homeostasis remains essential for 
efficient nutrient breakdown and tissue accretion. Consequently, dietary ascorbic acid supplementation in poultry 
production alleviates the physiological disruptions caused by thermal stress, enhancing growth performance, feed 
intake, carcass yield, and survivability [74]. Hence, the enhanced apparent nutrient digestibility driven by augmented 
enzyme activity and improved gut integrity, likely explains the superior growth performance and feed efficiency 
observed in birds fed kaolin and ascorbic acid. 
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4. Conclusions 

A six-week feeding trial was conducted to evaluate the effects of dietary inclusion of kaolin and ascorbic acid on the 
growth performance, hematological indices, and apparent nutrient digestibility of broiler chickens raised under 
tropical conditions. Statistically significant differences occurred among treatment groups for mean feed intake (FI), 
average daily feed intake (ADFI), weight gain (WG), average daily weight gain (ADWG), final body weight (FBW), feed 
cost per kilogram gain, and feed conversion ratio (FCR). Broilers receiving treatment T6 (40g kaolin + 100mg ascorbic 
acid/kg feed) achieved the highest weight gain across all experimental groups, demonstrating statistical equivalence 
to birds on treatment T5 (20 g kaolin + 1000 mg ascorbic acid/kg feed). Conversely, broilers on treatments T1 
(control) and T2 (20 g kaolin + 0 mg ascorbic acid/kg feed) recorded the highest values for FCR and feed cost per 
kilogram gain. Furthermore, un-supplemented control birds exhibited the lowest baseline values for hematological 
metrics, apparent nutrient digestibility (%), and carcass characteristics. Overall, dietary supplementation with kaolin 
and ascorbic acid enhanced broiler growth performance without compromising avian health or physiological welfare. 
Consequently, incorporating 40 g kaolin and 1000 mg ascorbic acid per kilogram of diet represents an effective 
strategy to optimize health, performance indices, and carcass yield in broiler chickens reared in tropical 
environments. 
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