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ABSTRACT: The comparative modulating effects of synthetic and natural source of ascorbic acid (AA) were 

investigated on transporting pullet birds in the hot-dry season of humid tropics. Ninety-six 16 weeks Isa-brown 

pullets were randomly allotted in a completely randomized design into four treatments of oral vitamin 

supplementation 5 days before transportation i.e; T1 (ordinary water), T2 (synthetic vitamin), T3 (30% citrus-

sweet orange), T4 (50% citrus-sweet orange). Birds were crated and transported for 3 hrs covering 135km at 

45km/hr. Meteorological values were monitored during the journey and no mortality was recorded. The 

results revealed that treatments had a significant effect (p < 0.05) on measured physiological parameters 

[body temperature (BTC), rectal temperature (RTC), respiratory rate (RR) and panting rate (PR)], 

hematological parameters and measured serum biochemical parameters as compared to the control group 

(T1). The treatments group of orange at different inclusion ratios (T3 and T4) compared well with pullet birds 

on oral supplementation of synthetic vitamin (T2) and were significantly different (p < 0.05) from birds on 

control water treatment (T1). Birds on control (T1) had the highest values for all measured physiological 

parameters which were significantly different from other groups (p<0.05). Birds in the control treatment (T1) 

were more stressed as compared to other treatment groups, indicated by increased hematological and 

serum biochemical parameters except for a decrease in hemoglobin (Hb) as compared to other treatments. It 

can be deduced from this study that the oral supplementation of natural source of ascorbic acid (Citrus 

sinensis) and synthetic vitamin supplement helps to ameliorate the effect of transportation stress. Citrus 

sinensis extract can be a suitable alternative that is readily available for farmers and stakeholders.  

Keywords: Ascorbic acid, Physiological measures, Pullets, Synthetic vitamin, Transportation stress. 
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INTRODUCTION   
 

Livestock transportation is an important husbandry protocol during their lifecycle. Livestock are transported for different 

reasons such as reproduction, feeding, slaughtering, restocking, etc. (Shearer, 2021). The increase in demand for animal 

proteins to meet the growing global population and industrialization necessitated transportation across different 

ecological/climatic zones. Road transportation presents as the most popular means of transportation, which is capable of 

inducing stress directly affecting production in terms of both economy and welfare (Minka and Ayo, 2009, Bhatt et al., 

2021)  

The transportation of food animals on road can impair the optimum physiological condition through the changes in 

blood biochemical composition, muscles biochemical reactions, adverse effect on meat quality, loss in body weight, the 

spread of infectious diseases, increased morbidity, and subsequently mortality (Minka and Ayo, 2007; Minka and Ayo, 

2009). Transportation-related stressors such as; handling, restraining, feed withdrawal, loading, unloading, vehicle 

vibration, ventilation, and transportation time, can also contribute to an adverse health condition which can increase the 

degree of pathogen infection/physiological disruption in subclinically infected animals (Ritter et al., 2009; Adenkola and 

Ayo, 2009a, Bhatt et al., 2021) 

The prevailing climatic conditions of the immediate environment during transportation are an important factor 

capable of contributing to transportation stress (EFSA Panel on Animal Health and Welfare, 2022). Prolonged heat or cold 

stress is a stressor detrimental to the health of transported animals (Avero et al., 2008, Nielsen et al., 2011). Young and 

adult animals are likely to be more susceptible to extreme climatic conditions i.e. temperature (Lewis and Berry, 2006). 

The Onboard climatic control with appropriate densities during the transportation is a tool to achieve age-species specific 

transportation regime for effective animal welfare (Nielson et al., 2011, Ayoola et al., 2020).  

The poultry industry is contributing immensely to the World economy, and a high in demand for major poultry 

products has led to the transportation of live birds (Minka and Ayo 2011, Lalonde et al., 2021). Although the awareness 

and establishment of standard regulation for transportation are in many countries (FAWC, 1992, EU, 2004), its strict 
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compliance by farmers and relevant stakeholders is yet to be effective (Minka and Ayo, 2009, Jayaprakash et al., 2016). 

The bulk of previous studies on transportation stress are on broiler chickens, they are typically transported once in a 

production cycle for slaughter. The stress factor most often studied with transportation is thermal stress. Chickens are 

homeotherms, as a primary response to thermal stress, birds can modify their behavior to conserve or dissipate heat (Gou 

et al., 2021). If the bird continues to be subjected to heat stress, then physiological changes may probably be initiated. 

Applications of amino acids, tranquilizers, and electrolytes have been reported to suppress stress in food animals 

(Ayo et al., 2005, Ahmadu, et al., 2016). However, the residual effects of a few of these substances contradict legislative 

regulations (Jacobs et al., 2017, Hussnain et al., 2019). Therefore, a need to source readily available, relatively cost-

effective, reliable and non-toxic prophylactic material to ameliorate the adverse effect of road transportation stress is 

imminent.  

Organic agriculture involves utilization of natural materials such as orange pulp, honey, Telfairia occidentalis leave 

extract etc. contribute to animal welfare as against the use of inorganic products in livestock production. Citrus Sinensis 

(sweet orange) is said to have a good content of Vitamin C (ascorbic acid) (Etebu and Nwauzoma, 2014). Vitamin C an 

active ingredient in orange extract is responsible for the biosynthesis of Corticosterone, a hormone that enhances energy 

supply during transportation stress. The ameliorating effect of Vitamin C is evident when the body's supply of ascorbic 

acid is depleted due to stress factors (Deters and Hansen, 2020).  

The evaluation of sweet orange extract as oral supplements, a suitable alternative for synthetic vitamin C during 

road transportation of point of lay pullet birds belonging to Isa brown breed will be investigated. The research is aimed at 

evaluating the effect of transportation stress on physiological parameters, hematological, and serum indices with or 

without conventional vitamin and supplements, and orange juice at the varied concentration on pullet birds. 

 

MATERIALS AND METHODS 

 

Ethical approval 

This study was carried out in accordance with the ethical regulation and approval of Bowen University research and 

ethical committee BUREC/2022/010. All animals used are in strict adherence to the guidelines. 

 

Study area 

The study was carried out at wonderful springboard farms, a commercial poultry farm, situated in Ibadan, Oyo State, 

southwest of Nigeria. The study area is on coordinate latitude 7°3047.7''N3°59'06.3''E. 

 

Birds and management 

One hundred and fifty pullets of Isa brown strain were obtained as day-old chicks from a reputable hatchery. They 

were raised following strict management practices and fed ad libitum with feed and water until they attained 12 weeks 

old. A total of 96 healthy pullet birds of body weight range (1.0 ± 0.1 kg) were selected and randomly allocated into oral 

supplementation treatment groups. Birds were allotted to four treatment groups; T1 (ordinary water), T2 (synthetic vitamin), 

T3 (30% citrus-sweet orange), T4 (50% citrus-sweet orange) for five days before loading and transportation. On the day of 

transportation, loading and crating were done carefully. Birds were crated according to treatment groups with 8 birds 

allotted to each crate at 0.25 m2 / birds and replicated thrice for each treatment. Management practices such as 

vaccination, medication etc., were done according to (NVRI), Jos, Nigeria. 

 

Experimental Unit 

The experimental unit comprised of 16 weeks old Isa Brown birds. Birds were arranged into four oral treatments; 

water, conventional vitamin supplement, orange juice (30 ml/l of water), orange juice (50ml/l of water) with treatments 

administered for five days before transportation. The experimental birds were fed ad libitum and each treatment was 

replicated thrice.  

 

Vehicle design and journey duration 

A Toyota Hiace bus was used for the journey. The vehicle has an inner floor dimension of 4 × 1.2 m, with an iron roof 

top pilled with insulated foam and rug material. The vehicle floor was of metal, covered by a rug and foam underlay.  The 

vehicle windows made of glass, located on both sides, with a sliding design for ventilation. The windows were opposite 

each other, placed at 800 cm measured from the inner floor, at (50×35 cm each) which allows adequate ventilation. 

Transportation crates containing the birds were carefully loaded to ensure similar conditions within the bus for all 

treatments and replicates (Buckham et al., 2008, Minka and Ayo 2011). The vehicle traveled on a mixture of un-tarred 

(rough) tarred roads for 3 hours, travelled through for 135 km with an average speed of 45 km/h. 

 

Meteorological data 

The ambient temperature (AT) and relative humidity (RH) were recorded at intervals for both inside and outside of 

the vehicle using a wet- and dry–bulb thermometer (Brannan, England). The average AT and RH outside the vehicle was 

37.50 C and 54.7%, while inside the vehicle were 38.80C and 63.4%. The average wind speed during the journey was 370C. 

The temperature humidity index (THI) was calculated using: 
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THI = 0.8*T + RH*(T-14.4) + 46.4 (Scope et al., 2002) 

Where T = ambient or dry-bulb temperature in °C  

RH=relative humidity expressed as a proportion i.e. 75% humidity is expressed as 0.75 

THI (Outside) the vehicle = 0.8*37.5 + 0.547* (37.5 – 14.4) + 46.4 = 89.04 

THI (Inside) the vehicle = 0.8*38.8 + 0.634* (38.8 – 14.4) + 46.4= 92.91 

 

Physiological data 

The respiratory rate (RR), panting rate (PR), Body temperature (BR), and rectal temperature (RT) were measured for 

initial and final periods; before loading and transportation (pre-transportation) and immediately after the end of the 

journey (post-transportation). The physiological parameters were described as adapted from Oguntunji et al. (2019). 

 

Hematological and serum biochemical data 

Blood samples were collected before loading and transportation (pre-transportation) and immediately after the 

journey (post-transportation). 4 ml of the blood sample was collected via the wing vein. 2 ml of blood sample was 

collected in a heparinized bottle for hematology parameters while a plain container, left to clot was used for serum 

biochemical analysis. All blood samples were analyzed for hematology and serum biochemical according to Odere et al., 

(2004). 

 

Statistical analysis 

The physiological, hematological, and biochemical parameters were analyzed with the general linear model as 

follows: Yij =µ + tTi +Pj + eij 

Yij = individual observation; µ = fixed effect of genotype; eij = experimental error  

Statistical differences between means were determined using new Duncan multiple tests at a 5% probability level 

 

RESULTS 

 

The results of the effect of the treatments on physiological parameters as presented in Table 1. The treatment effect had 

(p<0.05) effect on the investigated physiological parameters. The treatments group of orange extract at different inclusion 

ratios (T3 and T4) compared well with pullet birds on oral supplementation of synthetic vitamin (T2) and were significantly 

different (p < 0.05) from birds on control water treatment (T1). Birds on control (T1) had the highest values for all 

measured physiological parameters which are (p<0.05) different from other treatment groups. The period has an effect 

(P< 0.05) on measured physiological parameters. Initial measured parameters were (p<0.05) lower as compared to final 

measurements.   

 The results of treatment effect on hematological parameters are presented in table 2. The treatment has an effect 

(p<0.05) on measured blood parameters. The packed cell volume and red blood cells of birds on T1 are significantly higher 

(p<0.05) as compared to other treatments. T2 – T4 is not significantly (p>0.05) different. T1 had the lowest hemoglobin 

value (Hb) which is significantly (p<0.05) different from other treatments. Birds transported on water treatment alone (T1) 

had the highest value for white blood cell (WBC) and its constituents, which is significantly (p<0.05) different from other 

treatments. The periods had a significant (p<0.05) effect on the treatments. Initial measured blood parameters are 

significantly (p<0.05) lower as compared to final values except for hemoglobin where the value is significantly higher 

(p<0.05) as compared to final measured blood parameters.  

The results of treatment effects on serum biochemistry of transported birds as presented in table 3 revealed 

significant (p<0.05) effects of treatment on measured parameters. The glucose, aspartate amino transaminase, alanine 

amino transaminase, and creatinine level of birds on T1 is higher (p<0.05) as across the treatments. The period has 

significant (p<0.05) effects on transported birds irrespective of the treatments. The initial period was significantly 

(p<0.05) lower for all measured serum blood biochemical parameters as compared to the final period.  

 

 

DISCUSSION 

 

Effect of treatments and period on physiological parameters of transported pullets 

The fluctuations in measured physiological parameters have been attributed to variations in ambient temperature, 

duration of transportation, and vehicle vibration/mode of transportation (Piccione and Caola, 2002, Ayo and Minka, 

2005). The measured panting rate (PR), rectal temperature (RT), body temperature (BT), and respiratory rate (RR) are 

described as the relevant on-spot diagnostic parameters to evaluate the welfare and adaptability of an animal subjected 

to stressors (Minka and Ayo, 2009, Hussnain et al., 2019, Gou et al., 2021). As reported in table 1, transported pullets 

with oral supplementation of fresh orange extract at different inclusion ratios (T3 and T4) compared well with pullet birds 

on oral supplementation of synthetic-vitamin (T2) and were significantly different (p<0.05) from birds on control water 

treatment (T1). The period also has a significant (p<0.05) effect on transported animals for measured parameters, as final 

measured parameters, are significantly (p<0.05) higher than initial.  
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Table 1- Effect of treatments and periods on physiological parameter 

Parameter 

Treatment Period 

T1  

Water 

T2  

Synthetic vitamin 

T3  

30ml/L 

T4  

50ml/L 
Initial Final 

BTC 0C 37.08±0.25a 34.91±0.10b 35.85±0.11b 34.89±0.13b 35.09±0.11b 37.77±0.09a 

RTC 0C 42.69±0.25 a 39.59±0.23b 40.76±0.23b 39.61±0.23b 39.79±0.16b 42.83±0.19a 

RR breath/min 26.00±13.09a 20.63±14.16b 19.75±12.95b 19.38±12.68b 0.00±0.00b 40.38±10.45a 

PR breath/min 45.50±17.32a 40.12±16.30b 35.75±15.55bc 33.88±14.98bc 0.00±0.00b 67.63±10.16a 
abc values along the same row with different superscripts are significantly different (p<0.05). Where: BTC – Body temperature, RTC- rectal temperature, RR- Respiratory rate, PR- panting rate 

 

Table 2- Effect of treatments and periods on hematological parameters 

Parameters 

Treatment Period 

T1 

Water 

T2 

Synthetic-vitamin 

T3 

30ml/L 

T4 

50ml/L 
Initial Final 

PCV (%) 29.25±4.21a 25.20±2.13b 20.75±1.65b 24.20±2.22b 23.10±1.99b 28.38±1.28a 

HB (g/dl) 6.50±1.51b 8.72±0.58a 8.80±0.66a 9.36±0.81a 14.39±4.77a 7.21±0.50b 

RBC (x106uL) 2.69±0.47a 2.42±0.24b 2.31±0.13b 2.46±0.36b 1.22±0.23a 2.91±0.14b 

WBC X103UL 13925.00±314.58a 13450.00±393.07a 13325.00±178.54a 13500.00±252.98a 13355.00±177.865b 13900.00±277.10a 

Platelet 12225.00±2015.56a 134600.00±3187.48a 132000.00±8755.95a 127600.00±4643.27a 125700.00±3907.40a 13605.00±3190.04a 

LYM % 69.75±0.63a 62.40±1.29b 62.25±1.49b 64.60±2.23b 64.50±1.42b 67.75±1.49a 

HET % 33.75±0.85a 28.00±1.38b 27.50±1.55b 25.60±2.38a 27.20±1.47b 30.88±1.41a 

HET/LYM% 0.47±1.34a 0.45±1.06b 0.43±1.06b 0.39±1.06bc 0.42±1.03 0.45±0.94 

MON % 3.50±0.75a 2.80±0.37a 3.20±0.65a 3.30±0.40a 2.90±1.47b 3.50±0.44a 

EOS % 4.75±0.48a 4.20±0.37a 3.75±1.31a 3.80±0.66a 3.30±0.54b 4.13±0.44a 

BAS % 0.55±0.25a 0.60±0.241a 0.00±0.00a 0.40±0.24a 0.40±0.15b 0.41±0.18a 
ab values along the same row with different superscript are significantly different (p<0.05) 

 

Table 3. Effect of treatments and periods on serum biochemical indices 

Parameters 

Treatment Period 

T1 

Water 

T2 

Synthetic-vitamin 

T3 

30ml/L 

T4 

50ml/L 
Initial Final 

Glucose (mg/dl) 172.00±4.28a 141.23±21.43b 148.18±11.00b 140.03±31.17b 139.39±11.67b 191.36±8.10a 

AST (i.u/L) 68.82±4.66a 53.99±4.74b 55.13±3.22b 54.83±4.75b 60.40±8.84b 66.47±2.76a 

ALT (i.u/L) 2.50±1.13a 1.80±0.55b 1.32±0.40b 1.25±1.04b 1.35±2.17b 4.38±0.34a 

Creatinine (mg/dl) 1.88±0.10a 1.08±0.05b 0.90±0.04b 1.00±0.07b 0.95±0.04b 1.98±0.06a 

ab values along the same row with different superscript are significantly different (p<0.05) 
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This result agreed with other authors who reported that road transportation is generally considered a stressor for 

food animals. In addition, ambient temperature, length of travel, feed/water deprivation; density, and age of birds are 

factors to be considered (Ritter et al., 2004; Adenkola et al., 2008; Adenkola et al., 2009, Ayoola et al., 2020). Poultry 

lacks sweat glands, which other mammals use to mitigate thermal load during unfavorable conditions. Therefore, birds 

adopts panting and increased respiratory rate in an attempt to balance the thermal-induced stress as found in birds under 

investigation. The report of Oguntunji et al (2019) and Ayoola et al (2020) are per with this study, they reported that when 

the body temperature of birds rises above the thermal-optimum range due to metabolic activities or environmental 

conditions, birds' physiology is adjusted to ensure heat dissipation through increased respiratory rate, and panting rate.  

The oral supplementation with synthetic-vitamin in this study was found to have an effect (p<0.05) on birds, as it 

suppress the effect of transportation stress on measured physiological parameters. This study was in line with the report 

of Adenkola et al. (2008) who found that administration of ascorbic acid which is the main component of synthetic-

vitamin ameliorates the adverse effect of stress on transported pigs during 8 hours and 4 hours as evident in measured 

rectal temperature. This study also corroborates Jacobs et al (2017) who observed a reduction in rectal and body 

temperature of broilers and layers administered ascorbic acid after being subjected to heat stress. Citrus (sweet orange) 

used in this study compared well as an organic source of Vit C with synthetic- Vit C as observed for T3 and T4 with no 

significant difference (p>0.05) as compared to T2 for all measured parameters. Citrus sinensis are rich sources of 

bioactive compounds, provide about 51% vitamin C and large quantities of carotenoids (Tiwari et al., 2009). To the best of 

our knowledge, previous reports on the comparative application of orange extract with synthetic vitamin C to reduce 

transportation stress in livestock are scarce, therefore, this study serves as one of the leading reports.  

 

Effect of treatments and period on hematological parameters of transported pullets 

In the report of Scope et al. (2002) on pigeons, it was reported that measured total leucocyte value had a 

progressive increase with length of travelling and peak at the end of transportation. Ayo et al (2006) and Minka and Ayo 

(2008), reported that transportation stress increases the H/L ratio, erythrocytes, hematocrit, and leucocytes as resulted 

from transportation stress, especially thermal stress induced by transportation in humid tropics.. In table 2, the measured 

value of packed cell volume (PCV), red blood cell (RBC), and white blood cell (WBC) were significantly increased (p<0.05) 

across the treatments post transportation. T1 had the highest value which is significantly (p<0.05) different as compared 

to other treatments. Hemoglobin (Hb) value decreased significantly (p<0.05) across the treatments with T1 having the 

least value post transportation. 

 

The results of this study agreed with Minka and Ayo (2008) who found a significant (p<0.05) increase in hematocrit 

and total protein values of adult ostrich and attributed the changes to dehydration. Similarly, Adenkola and Ayo (2009) 

reported that the value of PCV can increase due to dehydration or splenic contraction due to transportation stress. 

However, our report differs from Tadich et al. (2005) and Deepanshu et al (2020) reported that PCV decreased after 

loading and subsequent transportation. Also, Cockram (2022) reported a low PCV for transported animals, they concluded 

that stressors can cause actual, than apparent reduction in hematocrit values. The observation on measured Hb in this 

study can be attributed to a reduction in the oxygen-carrying capacity of the blood due to transportation stress and 

dehydration during the journey (Ayoola et al., 2019). 

Birds in the control treatment (T1) were more stressed as compared to other treatment groups, indicated by 

increased WBC and its constituents. Lin et al. (2006) reported that H/L ratio is an indicator of chronic stress in food 

animals. Our study disagree with Lalonde et al. (2021), who found no impacts of either the temperature/relative humidity 

or duration of transportation on pullet H/L ratio, these differences can be attributed to the simulated transportation 

system used for their experiment, differences in atmospheric condition, and strain of pullet under investigation. 

However, the results of this study were in agreement with the report of Borges et al. (2004) and Lalonde et al. 

(2021) that supplementation of vitamin C lowered the H/L ratio. Inclusion of natural source of vitamin C- citrus (sweet 

orange) at the two inclusion levels T3 (30%) and T4 (50%) compared well with the synthetic vitamin source (T2). The present 

results for hematological parameters were in agreement with Guardia et al. (2009), Alam et al. (2018), and Cockram 

(2022).  

Effect of treatments and period on serum biochemical parameters of transported pullets 

Transportation stress, especially within the hot humid agro-ecological zone, causes physical stress which disrupted 

the thermal homeostasis, behavioral adaptation, and consequently physiological adaptation in livestock animals (Averos 

et al., 2008, Minka and Ayo, 2009, Bhatt et al., 2020). Notable physiological disruption includes an increase in the blood 

level of hormones and enzymes like aspartate aminotransferase (AST), alanine aminotransferase (ALT), plasma glucose, 

creatine phosphate kinase (CPK), cortisol, nitrogen urea, lactic acid,  and uric (Parker et al., 2003, 2007; Ferguson and 

Warner, 2008, Minka and Ayo, 2009). 

As reported in table 3; AST, ALT, creatine, and glucose were affected (p<0.05) by treatments and transportation 

stress. The control group (T1) had the highest values for measured parameters which were significantly (p<0.05) different 

from other treatments. T3 and T4 compared well with T2 with no significant (p>0.05) difference between the treatment 

groups. The rise in the value of measured liver function enzymes which include alanine amino transferase, aspartate 
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amino transaminase, CPK occurs due to rough handling during pre-loading, loading and transportation. (Averos et al., 

2008, Deters and Hansen 2020, Deepanshu et al., 2020).  

Transportation over long distance is a stressor for animals. Animals are require to ensure homeostasis, while 

contact between animals’ during transportation can produce fatigue and bruising, touching the permeable membranes 

and led to the extrusion of enzymes into the blood (Lopez et al., 2006, Deepanshu et al., 2020, Gou et al., 2021). Plasma 

glucose level was considerably high (p concentration), primarily due to the breakdown of glycogen in the liver (Jacobs et 

al., 2017).  

The significant difference between the control (T1) and other treatment groups (T2, T3, and T4) can be attributed to oral 

supplementation of ascorbic acid sources in the form of synthetic vitamins and citrus. The oral supplementation of these 

ascorbic sources ameliorates the effect of transportation on pullets as evident in measured serum blood parameters. The 

findings were in line with goats administered ascorbic acid (Minka and Ayo, 2007), in the broiler (Lin et al., 2006). 

 

CONCLUSION 

 

The oral supplementation of a natural source of ascorbic acid (Citrus-sweet orange) and synthetic Vitamin c supplement 

helps to reduce the effect of transportation stress during the hot humid season in the tropics. Their ameliorating effect 

improves the health status of the birds during transportation. In addition, the oral supplementation of citrus-sweet orange 

compared effectively with the synthetic vitamin, hence a suitable alternative that is readily available for farmers and 

stakeholders. Further studies are hereby recommended to evaluate other associated effects of Citrus sinensis on birds’ 

welfare.  
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