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A B S T R A C T   

In order to find standard transport time and its effect on the welfare, 480 marketable commercial 
broiler chickens (CARIBRO VISHAL; avg. 2.0 kg body weight) were transported for 2, 4, 8h and 
without transport in crates in three replicates in a completely randomized design. Transport 
affected welfare as well as behaviour of broiler chickens. Transport stretch impacted the gait 
score and tonic immobility with maximum aggravation with extended duration. Runaway results 
shown that 8h group exhibited more run-away time (279.20sec). Number of birds affected by 
physical injuries increases with the duration. Bodyweight change was significant among trans
ported groups, especially 8h travelled group exhibited more (− 8.21%) body weight loss. It is 
concluded that a transport period of more than 4h in Indian conditions is not recommended as its 
causing a significant level of stress in the birds leading to stress, production loss and hampering 
welfare of broilers.   

1. Introduction 

Poultry production, consumption and its demand is experiencing an increasing trend globally and especially in developing country. 
In production chain of boilers, transportation is considered as a critical point which involves pre-transport handling, long-term feed 
and water deprivation, social disruption, noise, over-crowding, motion as well as vibration, and thermal extremes leads to stress and 
consequent losses of yield parameters [1]. During transportation, the birds could experience acute stress leading to physiological and 
behavioural changes [2] such as extreme fearfulness and economic losses to the producers [3,4]. Transport stress causes physiological 
changes in muscles which affects the carcass quality of the birds during slaughter [5]. There will be a depletion in muscle glycogen 
reserves and thereby affects the muscle pH and subsequent storage to a greater extent. On the other hand, this stressful condition 
affects the normal intestinal microbiota and leading to excessive growth of opportunistic pathogens [6]. 

Animal welfare during transport is difficult to measure and interpret. Thus, indirect measurements of animal welfare are needed, 
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and one way to proceed with these measurements is using animal-based performance variables such as physical injuries, fluctuations in 
body temperature, weight loss, tonic immobility, run away test, and gait score following handling and transport. Various behavioral 
and endocrine reactions to fearful events are widely used as indicators of fear status of the birds. Gait score (GS) assesses the 
impairment in walking ability of the birds [7] and the birds which exacerbate leg weakness due to less activity implies that the birds are 
in longer transport time in transport crates suffers leg weakness which results in gait impairment. The runaway (RA) test can be used to 
examine the sociality of the birds after a period of stress [8]. 

Lesser runaway time has related to lower stress and anxiety in birds [9]. Similarly, tonic immobility (TI) is related to stress and 
fearfulness, with birds showing higher duration of immobility period could be related to higher level of stress and fearfulness [10]. 
During transport, death is not immediate but the bird’s welfare is compromised by pain and distress with prolonged suffering which 
lead to dead on arrival at slaughter house [11]. 

The use of poor transport crates with high stocking density, dynamic micro-environment in the vehicle, poor road facilities and 
longer distance of travel to processing plant from farm could compromises their welfare and also decreases the meat quality. Poultry 
welfare has been recognized as one of the many factors used to show whether a poultry production unit is a reliable one since, 
consumers will not accept product systems that causes poor welfare [12]. In tropical countries like India, where the meat type birds 
(broilers) are raised in open sided system and not in environmentally controlled houses. So their response to transport stress will be 
different from the fully environment controlled automated production system. Further, with deviations on the growth rate of Indian 
broiler chickens from Western countries, the response to transport stress should vary. Keeping in view the above facts, the present 
research work was carried out to evaluate the welfare parameters of meat type birds at different transport times in order to optimize 
suitable transportation time. 

2. Materials and methods 

2.1. Welfare note 

The present welfare study of broiler birds was endorsed by the Institute Animal Ethics Committee (IAEC) (452/01/ab/CPCSEA) of 

Fig. 1. Map indicating various location points including the loading, unloading and welfare assessment of broiler chickens. a) the farm location and 
loading point; b) point to the broiler birds were subjected to straight transportation; c) point were unloading of birds and welfare assessment 
was performed. 
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the ICAR-Central Avian Research Institute, Izatnagar, Uttar Pradesh, India. 

2.2. Experimental birds and design 

In order to simulate the impact of transport stress at different duration of movement on broiler welfare and stress, the study was 
carried out in a completely randomized design with 480 mixed male and female commercial broilers (CARIBRO VISHAL) of 42 days of 
age with the body weight of approximately 2.1 ± 0.03 kg/bird. These birds were portioned into two sets; the first set (120 birds) were 
maintained at farm premises without subjecting to transportation to serve as control representative while remaining 360 birds were 
subjected to transportation for different time intervals. The birds were transported using transportation truck which were driven for 
different periods by road and detailed route map, speed of vehicle, altitude were represented in Fig. 1. Following, 2h of transport, 120 
birds were removed from the vehicle to assess the welfare parameters, while same number of birds were added to the transport vehicle 
in order to maintain the bird density. Similarly, other two group’s birds were removed following 4 and 8h, respectively. The transport 
time not included the initial loading and unloading durations. The birds were assessed for their welfare parameters in replicates based 
on different regions of the transport vehicle. Different colour markers were applied on the bird’s leg to correspond to the initial (pre- 
transport) body eight. The birds were transported in a medium-sized transport truck with integrated plastic crates having dimension 
30” × 20” × 10” (L × W × H) and transportation was between 05:30 to 15:30hrs at an average speed of 36.4 km/h for transport stress. 
The load density of 39 kg per m2 as per European Union (EU) broiler welfare directive was maintained throughoutthe study by filling 
the empty cages with non-coloured marked birds having similar age and bodyweight. The experiment was repeated for three times 
(CRD) and the data were presented as average of three trials. They were performed on three days - alternate days in week to minimal 
day-to-day environmental variations. The micro-climatic conditions on the day of transportation was recorded between 12 and 20 ◦C. 
After the completion of the stipulated transport time for each group, the birds were unloaded accordingly and weighed immediately to 
determine the body weight changes following transport stress. After body weight assessment, the birds were subjected to supervision of 
welfare parameters like core body temperature, gait score, run away test, tonic immobility (TI) and physical injuries. 

2.3. Parameters evaluated 

2.3.1. Gait score 
A three-point gait scoring system was used to determine the walking fitness of broilers following transportation [7]. The score as to 

the scale of zero, one and two based on the effect on motor gain functions. Briefly the birds will be allowed to walk for minimum of 5’ 
for their gait and simultaneously assessed the shanks, hocks and wings for any deformities. 

Fig. 2. Setup for the run-away test along with entry and exit for birds and not influenced bythe surrounding environment.  

M. Siddharth et al.                                                                                                                                                                                                    



Heliyon 10 (2024) e27129

4

2.4. Body temperature 

One of the symptoms that may accompany anxiety conditions is a rapid change in body temperature [13]. So, in our experiment, 
immediately after transport the core temperature of the bird’s were recorded. The cloacal membrane temperature was measured using 
clinical thermometry. The temperature was recorded in degree Fahrenheit using Omran digital thermometer. 

2.5. Runaway (RA) test 

Run away test was conducted to check the brisk walk/locomotion gait ability of the bird’s promptly after transport [8]. To 
accomplish this procedure, an iron corridor covered with gunny bags on the sides of the corridor was divided into three zones. The 
corridor opens with a start box and then was the stimulus bird zone. The other end of the corridor through which the bird’s runaway 
were littered with feed materials. The birds were introduced at the start box and the time spent by the birds to the feed stimulus was 
measured by an unobtrusive observer from behind during the 10 min test. The length, width and height of the corridor were 180 × 40 
× 40 cm, respectively (Fig. 2). Twenty birds from each treatment were tested individually and the times taken for the birds to move out 
of the corridor from the start box were noted. 

2.6. Tonic immobility (TI) 

The immobility response by the birds following transportation was assessed by measuring the tonic immobility response time 
produced [10]. The response time was calculated by physical restraint of the birds on its sternum region for duration of 45sec. The 
reaction exhibited by the birds after 45 s was monitored and subsequently noted. For this procedure, the chicken was kept on its back 
with gentle restraint from the sternum and neck of the chicken for a period of 45sec. After this period, the hand was removed gently 
and time was noted in stop watch till the bird regains to show mobility to revert back to its normal position. The duration of TI was 
defined as the interval between the moments when the bird entered into TI until it righted itself. If TI was not induced after 5 trials, the 
bird was given a score of 0 for TI. A maximum duration of 10 min was imposed for the test [14] (Fig. 3). 

2.7. Physical injuries and body weight change 

The birds’ well-being was determined by observing and clinically examining their physical condition. Bruises, fractures, muscle 
injuries, and hematoma were among the physical injuries seen after the transport. In each treatment group, the total number of birds 
with and without physical injuries after transportation was recorded. Body weight change was observed in terms of change in absolute 
body weight. The birds belong to each treatment groups were weighed both in before and after transport. 

2.8. Statistical analysis 

Data generated from the above experiments were subjected to analysis of variance by one-way ANOVA Xij = μi + εij where, μi – 
mean and εij are normally distributed independent random errors. The statistical analysis was performed using Statistical Package for 
Social Sciences (SPSS) version 16.0 and the means were compared by Tukey’s multiple range test for statistical significance at P ≤ 0.05. 

3. Results 

The data pertaining to the welfare and allied traits as influenced by the travelling time in broilers chickens are elucidated here 
under. Results of impact of transport duration on welfare parameters such as gait score, body temperature, run away test, tonic 

Fig. 3. Procedure of tonic immobility of the experimental birds assess their welfareness following transportation.  
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immobility test and physical injuries were presented in Table 1. 

3.1. Gait score 

The walking/locomotion ability of the transported birds at different durations were analysed immediately after transport. The 
results of the gait score (Table 1) clearly indicates that an increase in transport duration had significantly (P = 0.001) affected the gait 
score condition of the birds and the birds transported for extended duration (8h) exhibited poorer score (1.60). The movement of the 
birds which transported for 8h duration period was extensively impaired. The control group birds showed good gait score with no 
impairment (0.00) compared to all other group of birds. But, the birds transported for 4h duration evinced a lower level of gait 
impairment (0.20) compared to other transported groups 2 and 8h. 

3.2. Tonic immobility 

Transport stretch had a significant (P = 0.001) impact on the tonic immobility activity of broilers between the groups. In the present 
assessment study, an increase in transport duration directly correlated with aggravation of tonic immobility agitation of the birds. The 
groups transported for extended duration (8h), whose legs became rigid due to prolonged standing stress exhibited more time (50.70 s) 
to retrieve its normal comfortable position than the control group (2.8sec). 

3.3. Run-away test 

Similarly, run-away test was conducted to check the physical soundness of the birds after every time frame of transport. Run-away 
test results exhibits a linear dependency with transportation schedule. The group transported for 8h, expressed a sluggishness in its 
movement when birds were placed in the run-away area to examine its walking ability. The 8h transport group exhibited significantly 
(P = 0.001) more run-away time (279.20sec) when compared with the other groups. Considering both transport duration and welfare, 
birds transported for 4h duration recorded lesser run-away time (75.50sec) compared to other transported groups (2 and 8h). 

3.4. Physical injuries 

Physical injuries of the birds during transport states that welfare of the birds was highly compromised. In our experiment, the 
physical injuries between the experimental groups were substantially higher (70%) in the 8h transport duration than the other groups. 
Increase in transport duration significantly (P = 0.001) increased the number of birds affected with physical injuries. Broilers in non- 
transported group showed no physical injuries which could be mainly due to lack of transport. 

3.5. Body weight change and core temperature 

The findings of transport duration effect on absolute and percentage body weight in broiler chickens were presented in Table 2. The 
outcome of the body weight due to transport were severely manifested in the form of loss in weight. Body weight change observed in 
the present study showed significant (P = 0.01) changes among the treatment groups, especially 8h travelled group exhibited more loss 
(− 8.17%) in body weight after transport due to stress of longer duration. No mortality of birds was observed in any treatment groups 
due to transport and its duration in this experiment. In the present study, the body temperature was not affected by time span of 
transport. The regression analysis on per cent change in body with respect to live body weight and duration of transportation, revealed 
that there exists a negative correlation between the duration of transport (% change in body weight (Y) = − 13.38 + 1.22 × duration (h 
of transport) + 6.72 × live body weight (Kg); R2 = 0.959) (Fig. 4). 

4. Discussion 

4.1. Gait score 

Gait scoring system used to appraise the presence or absence of leg weakness or walking difficulties in birds due to transit [15]. The 

Table 1 
Effect of duration of transportation on gait score, body temperature and other welfare parameters in broiler chickens.  

Groupa GS BT (◦F) RA (Seconds) TI (Seconds) PI (%) 

0 h 0.00c ± 0.00 106.83 ± 0.21 62.90c ± 10.34 2.80c ± 0.66 0.00b ± 0.00 
2 h 0.60b ± 0.22 106.42 ± 0.16 168.00b ± 10.03 5.10c ± 1.31 10.00b ± 10 
4 h 0.20bc ± 0.13 106.51 ± 0.19 75.50c ± 12.24 19.60b ± 4.84 30.00ab ± 15 
8 h 1.60a ± 0.16 106.76 ± 0.14 279.20a ± 31.35 50.70a ± 3.97 70.00a ± 15 
P value 0.001 0.221 0.001 0.001 0.001 

n = 20; Mean bearing different small letter (a-c) superscript column-wise differ significantly (P ≤ 0.001). 
a GS: gait score; BT: body temperature; RA: run-away test; TI: tonic immobility; PI: physical injury. 
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score estimates in present study signifies that transport duration substantially affected the gait of the birds. Birds transported for longer 
duration witnessed high (P = 0.001) level of weakness with walking difficulties. The control non-transported birds recorded no gait 
issues, whereas, 8h transported bird’s evinced extreme impairment with a gait score of 1.60. But 4h transport group has significantly 
less gait score compare to 2 and 8h transport, which indicate that short duration transport stress may get acclimatized but continuous 
transport for longer period have worsen the condition. This observation could be better described by the fact that the birds would 
attempt to change their behavioral activity to relieve the transport stress during initial phase (2h) and will cope up with the stress till 
the tipping point (up to 4h). However, during the chronic stress period beyond the broilers’ self-regulating ability, the welfare has been 
compromised [16]. The behavioral change during long transport period could be due to increase energy expenditure of standing and 
fatigue and negatively correlated with the bird’s behaviour. 

Birds exacerbate leg weakness due to less activity, trauma and vibration, which implies that birds were, remain confined in the 
transport crates for longer duration without any movements and this could predispose birds to leg weakness and gait impairment. This 
might be due to the fact that, when the broilers were placed in crate for more than 4h will lead to sternal recumbence [17]. The broilers 
with extended duration of transport (8h) were vulnerable to lameness. This could be nailed down as a reason for persistent locomotion 
problem in poultry market due to longer, stressful transport between farms to slaughter house. Apart from lameness and slaughter 
house loss, it also compromises the welfare and behaviour of the birds which will be normal exhibited when birds reared in deep litter 
or cages. Withdrawal of feed and water accompanied with continuous journey for longer duration will abruptly break the welfare of 
broilers leads to severe stress during transit and compromise meat quality [18]. 

4.2. Body temperature 

The body temperature of the birds/food animals prior to slaughter has major impact in the post-mortem muscle metabolism [19]. 
The temperature directly or indirectly influences the ultimate pH in meat. When birds exposed to higher amount of stress due to 
transport causes early post-mortem glycolysis resulting in pale, soft and exudative (PSE) condition [20]. No significant (P ≥ 0.05) 
difference in body temperature was recorded between birds with and without transport. The vibrations due to vehicle movement 
during transport was expected to increase body temperature of the birds [21], however no such change was observed in the present 
study. The numerically lower temperature in transported birds might be due to longer exposure to wind during transport and dissipate 
body heat to environment. Conducting transportation studies at early hours of the day having less environmental temperature, could 
be the reason for non-significance [22]. However, the transportation during different season (summer) or period (late afternoon) could 
have resulted in significant changes in body temperature. 

Table 2 
Effect of duration of transportation on body weight (absolute and percentage) in broiler chickens.  

Group Body weight (Kg) % Change in body weighta 

Before transport After transport 

0 h 2.14 ± 0.03 2.14 ± 0.03 0.00b ± 0 0.00 
2 h 2.22 ± 0.05 2.11 ± 0.08 − 4.78a ± 1.55 
4 h 2.19 ± 0.09 2.06 ± 0.07 − 5.94a ± 1.11 
8 h 2.23 ± 0.03 2.05 ± 0.02 − 8.21a ± 0.36 
P value   0.001 

Mean bearing different superscripts (a-b) superscript column-wise differ significantly (P ≤ 0.001). 
†Percentage change in body weight is mean change in total of thirty birds in three replicates. 

a The percent change in body weight were Arcsine transformed before statistical analysis. 

Fig. 4. Regression between per cent change in body weight (%) with duration oftransportation (h) and live body weight (Kg). X: duration of 
transportation (h); X2: live body weight (Kg). 
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4.3. Run-away time 

Leg disorders have several consequences for the welfare of the birds. Run-away tests conducted to explore the walking behavior and 
moods of broiler birds after fixed duration of 0, 2, 4 and 8h of transport. In the present study, lapse of transport time had a significant 
(P = 0.001) impact on the run-away test. Earlier observations indicated that due to stress the birds will be more frightened and tried to 
move out of the runaway corridor faster than the unstressed one [8,9]. While in our experiment, birds in stress free group (control) 
covered the runaway corridor in the shortest duration (62.9 s) when compared to other groups. But, 4h transport group has signifi
cantly less run away time compared to 2 and 8h transport, which indicate that birds after 4h transport may got acclimatized but further 
continuous transport may lead to more stress. The response to run-away test at different transport could be due to similar physiological 
changes during transportation as discussed earlier in the gait score. Together with exhaustion, anxiety, leg disorders or weakness due 
to transport and stress the birds were reluctant to move [9]. In the present study, the 8h transported birds took significantly more 
run-away time (279.2sec) and control (stress free) group which stepped the runaway corridor in shorter span (62.9sec). The results 
clearly depict that welfare and comfort of the broiler birds got deteriorated with increase in the duration of transport. 

4.4. Tonic immobility (TI) 

Tonic immobility is relatively a robust measure of underlying fearfulness, particularly in poultry. Stress and fearfulness signifi
cantly prolongs the tonic immobility [8,9]. An increase in transport time significantly (P = 0.001) affected the TI, 50.7sec vs. 2.8sec in 
8h transport and control birds, respectively. This increase in duration of immobility might be due to over physical exertion and fear of 
motion during the transport. Another study with birds indicated that transport of 1.5h (90min) leads to severe stress and anxiety [10] 
and transport along with holding of birds has substantial impact on the TI duration [23]. Therefore, it can be portrayed that this 
significant difference could be by virtue of straight-line relationship between travel time and apprehension/anxiety of birds. The 
transport duration is directly proportional to TI; because increasing transport time will enhance exposure to vibrations, shocks and 
food as well water withdrawal [14]. 

4.5. Physical injuries 

Results of percentage of birds with physical injuries after transport reveal’s those birds from longer transport duration (8h) suffered 
more from physical injuries significantly (P = 0.001) than other treatments. This could be mainly due to higher stocking density, crates 
size, vibration and shocks during transport and transits stretch [11]. The increase in injury to the birds during transport might be due to 
fright which they tried to compensate by spreading their wings or resting too long against the crates floor. The flapping of with during 
dropping of crates leads to increased incidence of physical injury (bruises, fractures, dislocations, and muscle rupture and head 
trauma) to the transported birds [15]. The injuries may not have been entirely attributable to handling but during the journey, 
following impacts during vehicle movement, muscle strain from balancing in response to vehicle movement, or from hyperthermia. 
The observation from the present study shown that birds are injured due to longer transport time which might also be due to poor 
condition of the roads, confinement for longer time and hardness of cages. It also clearly shows that birds are more predisposed to 
injuries during the process of transport. No birds were injured in the treatment group without transport. 

4.6. Body weight change 

Percent body weight loss increased with increase in duration of transport with significant (P = 0.005) difference between treat
ments. Body weight loss in broiler chickens directly related to the distance and duration of transport [24]. An average of 4.20 and 
1.80% loss in live body weight and excreta was reported following the transportation of broilers [25]. The increase in transport 
distance leads to increased muscle shrinkage especially in pectoral muscle due to occurrence of glycolysis at a faster rate [26]. So, it can 
be confirmed from our study that increase in transport distance and withdrawal of feed prior to transport increase the body weight loss 
in broiler chickens in a significant level. 

4.7. Mortality percentage 

No mortality has been observed among the transported and non-transported groups in our experiment. Mortality in broilers 
transported to processing plants from farm varied according to the transport distance and season [4]. No mortality during the study 
might be attributed to the health status, slow growing bird variety and the winter time of transport. The effect of season on mortality 
rate is the highest in summer and winter, and that mortality rate increases at very high and very low temperatures [27]. In addition to 
geographical, climatic and seasonal aspects, factors like production, slaughter and transportation conditions, transportation infra
structure, and transportation vehicles affect mortality and production losses [24]. 

5. Conclusions 

As the transport time increases the gait impairment, tonic immobility period and physical injuries increases which indicates higher 
level of stress and fearfulness. The birds exacerbated leg weakness due to less activity in longer transport. The birds with 8h of 
transportation period took more run-away time and which is related to sociality of the birds. From all these results, it can be concluded 
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that, in Indian conditions the continuous transport for 8h is not welfare friendly and alters the behavioural response and hence, 
transportation for more than 4h is not recommended. 

Ethical permission 

The welfare study on broiler birds was endorsed by the Institute Animal Ethics Committee (IAEC) (452/01/ab/CPCSEA) of the 
ICAR-Central Avian Research Institute, Izatnagar, Uttar Pradesh, India. 

Data availability statement 

The data has not been deposited in a publicly accessible repository, but will be made available upon reasonable request. 

CRediT authorship contribution statement 

M. Siddharth: Project administration, Methodology. Jaydip Jaywant Rokade: Funding acquisition, Conceptualization. Subrat 
Kumar Bhanja: Funding acquisition, Conceptualization. Jagbir Singh Tyagi: Funding acquisition, Conceptualization. Madheswaran 
Monika: Investigation, Data curation. Beulah V. Pearlin: Software, Investigation, Data curation. Akhilesh Kumar: Supervision, 
Software, Methodology. Marappan Gopi: Writing – review & editing, Writing – original draft, Validation, Formal analysis, 
Conceptualization. 

Declaration of competing interest 

All the authors declare no competing interest. 

Acknowledgments 

The authors acknowledge the support provided by the Director, ICAR-Central Avian Research Institute, Izatnagar, Uttar Pradesh – 
243 122 to carry out the present study. 

Acknowledgements 

The authors acknowledge the support provided by the Director, ICAR-Central Avian Research Institute, Izatnagar, Uttar Pradesh – 
243 122 to carry out the present study. The authors would to acknowledge the support provided by Indian Council of Agricultural 
Research, New Delhi in carrying out the experiment. 

References 

[1] Z. Gou, K.F.M. Abouelezz, Q. Fan, L. Li, X. Lin, Y. Wang, X. Cui, J. Ye, M.A. Masoud, S. Jiang, X. Ma, Physiological effects of transport duration on stress 
biomarkers and meat quality of medium-growing Yellow broiler chickens, Animal 15 (2021) 100079. 

[2] I. Zulkifli, Effects of early age feed restriction and dietary ascorbic acid on heterophil/lymphocyte and tonic immobility reactions of transported broiler 
chickens, Asian-Australian J. Anim. Sci. 16 (2003) 1545–1549. 

[3] F.M.C. Vieira, M. Deniz, I.J.O. da Silva, B.J.A.D. Filho, A.M.C. Vieira, F.S. Gonçalves, Pre- slaughter losses of broilers: effect of time period of the day and lairage 
time in a subtropical climate, Semina Ciências Agrárias 36 (6) (2015) 3887–3896. 

[4] V. Vecerek, E. Voslarova, F. Conte, L. Vecerkova, I. Bedanova, Negative trends in transport – related mortality rates in broiler chickens, AJAS (Asian-Australas. J. 
Anim. Sci.) 29 (12) (2016) 1796–1804. 

[5] M.C.C. Utomo, T.A. Sarjana, E. Suprijatna, S. Kismiati, M.H. Nasoetion, U. Atmomarsono, E. Windriasari, The influence of transportation distance during the dry 
season on broiler chickens carcass traits, IOP Conf. Ser. Earth Environ. Sci. 247 (1) (2019). 

[6] U.A. Bello, Z. Idrus, Y.G. Meng, E.A. Awad, A.S. Farjam, Gut microbiota and transportation stress response affected by tryptophan supplementation in broiler 
chickens, Ital. J. Anim. Sci. 17 (1) (2018) 107–113. 

[7] A.B. Webster, B.D. Fairchild, T.S. Cummings, P.A. Stayer, Validation of a three- point gait- scoring system for field assessment of walking ability of commercial 
broilers, J. Appl. Poultry Res. 17 (2008) 529–539. 

[8] R.H. Marin, P. Freytes, D. Guzman, R.B. Jones, Effects of an acute stressor on fear and on the social reinstatement responses of domestic chicks to cagemates and 
strangers, Appl. Anim. Behav. Sci. 71 (1) (2001) 57–66. 

[9] A. Bayram, S. Ozkan, Effects of a 16-hour light, 8-hour dark lighting schedule on behavioral traits and performance in male broiler chickens, J. Appl. Poultry 
Res. 19 (3) (2010) 263–273. 

[10] K. Ghareeb, W.A. Awad, S. Nitsch, S. Abdel-Raheem, J. Bohm, Effects of transportation on stress and fear responses of growing broilers supplemented with 
prebiotic or probiotic, Int. J. Poultry Sci. 7 (4) (2008) 678–685. 

[11] M.S. Cockram, K.J. Dulal, Injury and mortality in broilers during handling and transport to slaughter, Can. J. Anim. Sci. 98 (3) (2018) 416–432. 
[12] P.V.K. Sasidhar, Poultry welfare education in India, in: S.K. Bhanja, J.J. Rokade, G. Kolluri, M. Gopi (Eds.), Stress and Welfare: Concepts and Strategies for 

Addressing Current Challenges in Poultry Production, 2017, pp. 232–240, no. 978-93-5279-729-5. 
[13] S. Gogoi, G. Kolluri, J.S. Tyagi, M. Gopi, M. Kesavan, R. Narayan, Impact of heat stress on broilers with varying body weights: elucidating their interactive role 

through physiological signatures, J. Therm. Biol. 97 (1) (2021) 102840. 
[14] A.C. Mancinelli, C. Mugnai, C. Castellini, S. Mattioli, L. Moscati, L. Piottoli, M.G. Amato, M. Doretti, A. Dal Bosco, E. Cordovani, Y. Abbate, D. Ranucci, Effect of 

transport length and genotype on tonic immobility, blood parameters and carcass contamination of free-range reared chickens, Ital. J. Anim. Sci. 17 (3) (2016) 
557–564. 

[15] T.G. Knowles, S.C. Kestin, S.M. Haslam, S.N. Brown, L.E. Green, A. Butterworth, S.J. Pope, D. Pfeiffer, C.J. Nicol, Leg disorders in broiler chickens: prevalence, 
risk factors and prevention, PLoS One 3 (2) (2008) e1545. 

M. Siddharth et al.                                                                                                                                                                                                    

http://refhub.elsevier.com/S2405-8440(24)03160-8/sref1
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref1
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref2
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref2
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref3
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref3
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref4
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref4
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref5
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref5
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref6
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref6
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref7
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref7
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref8
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref8
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref9
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref9
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref10
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref10
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref11
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref12
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref12
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref13
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref13
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref14
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref14
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref14
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref15
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref15


Heliyon 10 (2024) e27129

9

[16] J. Fu, J. Yin, N. Zhao, G. Xue, R. Zhang, J. Li, J. Bao, Effects of transport time and feeding type on weight loss, meat quality and behavior of broilers, Anim. 
Biosci. 35 (7) (2022) 1039–1047. 

[17] G. Kannan, J.A. Mench, Influence of different handling methods and crating periods on plasma corticosterone concentrations in broilers, Br. Poultry Sci. 37 (1) 
(1996) 21–31. 

[18] R.E.P. Pereira, M.R.F.B. Martins, A.A. Mendes, I.C.L. Almeida Paz, C.M. Komiyama, E.L. Milbradt, B.C. da Fernandes, Effects of pre-slaughter fasting on broiler 
welfare, meat quality, and intestinal integrity, Brazilian J. Poult. Sci. 15 (2) (2021) 119–122. 

[19] M. Petracci, D.L. Fletcher, J.K. Northcutt, The effect of holding temperature on live shrink, processing yield, and breast meat quality of broiler chickens, Poult. 
Sci. 80 (5) (2001) 670–675. 

[20] A.R. Sams, Meat quality during processing, Poult. Sci. 78 (5) (1999) 798–803. 
[21] P.D. Warriss, S.N. Brown, T.G. Knowles, J.E. Edwards, J.A. Duggan, Potential effect of vibration during transport on glycogen reserves in broiler chickens, Vet. J. 

153 (1997) 215–219. 
[22] T.D. Knezacek, A.A. Olkowski, P.J. Kettlewell, M.A. Mitchell, H.L. Classen, Temperature gradients in trailers and changes in broiler rectal and core body 

temperature during winter transportation in Saskatchewan, Can. J. Anim. Sci. 90 (2010) 321–330. 
[23] P.J. Cashman, C.J. Nicol, R.B. Jones, Effects of transportation on the tonic immobility fear reactions of broilers, Br. Poultry Sci. 30 (2) (1989) 211–221. 
[24] M.S. Arikan, A.C. Akin, A. Akcay, Y. Aral, S. Sariozkan, M. Cevrimli, M. Polat, Effects of transportation distance, slaughter age, and seasonal factors on total 

losses in broiler chickens, Brazilian J. Poult. Sci. 19 (3) (2017) 421–428. 
[25] N.L. Taylor, D.L. Fletcher, J.K. Northcutt, M.P. Lacy, Effect of transport cage height on broiler live shrink and defecation patterns, J. Appl. Poultry Res. 10 (2001) 

335–339. 
[26] J. Sowinska, A. Wojcik, J.F. Pomianowski, L. Chorazy, T. Mituniewicz, D. Witkowska, J. Piotrowska, A. Kwiatkowska-Stenzel, B. Czaplinska, P. Kuczynska, 

Effects of different variants of pre-slaughter transport on body weight loss and meat quality in broiler chickens, Med. Weter. 69 (7) (2013) 420–423. 
[27] M.A. Elsayed, Effects of length of shipping distance and season of the year temperature stress on death rates and physiological condition of broilers on arrival to 

slaughter house, J. Nuclear Techn. Appl. Sci. 2 (4) (2014) 453–463. 

M. Siddharth et al.                                                                                                                                                                                                    

http://refhub.elsevier.com/S2405-8440(24)03160-8/sref16
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref16
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref17
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref17
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref18
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref18
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref19
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref19
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref20
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref21
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref21
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref22
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref22
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref23
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref24
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref24
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref25
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref25
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref26
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref26
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref27
http://refhub.elsevier.com/S2405-8440(24)03160-8/sref27

	Transportation stress: Impact on behaviour and welfare in meat-type chickens under indian scenario
	1 Introduction
	2 Materials and methods
	2.1 Welfare note
	2.2 Experimental birds and design
	2.3 Parameters evaluated
	2.3.1 Gait score

	2.4 Body temperature
	2.5 Runaway (RA) test
	2.6 Tonic immobility (TI)
	2.7 Physical injuries and body weight change
	2.8 Statistical analysis

	3 Results
	3.1 Gait score
	3.2 Tonic immobility
	3.3 Run-away test
	3.4 Physical injuries
	3.5 Body weight change and core temperature

	4 Discussion
	4.1 Gait score
	4.2 Body temperature
	4.3 Run-away time
	4.4 Tonic immobility (TI)
	4.5 Physical injuries
	4.6 Body weight change
	4.7 Mortality percentage

	5 Conclusions
	Ethical permission
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Acknowledgements
	References


