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ABSTRACT 7 

Broiler transport in hot climates is associated with higher heat stress, mortality, 8 

and meat-quality defects when high temperature and humidity combine with uneven 9 

ventilation to create hot, humid thermal core zones during prolonged feed and water 10 

deprivation. This review synthesizes mitigation options across pre-transport preparation, 11 

in-transit management, and post-transport recovery, focusing on practices feasible on 12 

farms and in processing plants and using a decision-relevant framing that prioritizes 13 

controlling total deprivation time, limiting within-load heat and humidity accumulation, 14 

and providing a recovery microclimate after arrival. Pre-transport priorities include 15 

planning withdrawal as total deprivation time, minimizing catching and loading delays, 16 

and maintaining crate hygiene to reduce fecal contamination and in-crate air-quality 17 

challenges under warm, humid conditions. Dietary additives may support muscle energy 18 

buffering and oxidative status. During transit, risk may be lowered by ventilation-aware 19 

loading and stacking, checking air distribution across the load, and adjusting crating 20 

density based on weather and journey duration. Misting should be used only when 21 

airflow is adequate because adding water without ventilation can raise humidity and 22 

weaken evaporative cooling. After transport, lairage should be treated as an active 23 

recovery step with clear microclimate targets before slaughter. 24 

Keywords: Broiler; transport; hot climate; heat stress; pre-slaughter  25 ACCEPTED
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Introduction 26 

Broilers are routinely transported from farms to processing plants, and this pre-27 

slaughter stage can compromise welfare and cause economic losses through dead on 28 

arrival (DOA), carcass downgrading, and reduced processing performance [1, 2]. Risk 29 

is shaped by the cumulative time of deprivation across feed and water withdrawal, 30 

catching and crating, road transport, and lairage, during which birds experience 31 

handling stress, crowding, and limited opportunities for behavioral thermoregulation [1, 32 

3]. Accordingly, mitigation strategies should be evaluated at the chain level rather than 33 

as isolated interventions. 34 

In hot climates, high ambient temperature, combined with elevated relative 35 

humidity (RH), constrains evaporative heat loss, while the truck-load microclimate can 36 

diverge markedly from outside weather because airflow and moisture removal are 37 

heterogeneous across crates and modules [4–6]. Localized hot and humid thermal core 38 

zones can develop due to module design, stacking configuration, and vehicle 39 

aerodynamics, making average outside conditions do not accurately reflect the birds’ 40 

actual exposure [4–6]. These microclimates interact with crating density and journey 41 

duration such that risk can rise when high density, high RH, and long journeys co-occur 42 

[7–9]. 43 

Transport welfare is assessed using both outcome-based indicators (e.g., dead 44 

on arrival (DOA), injuries and bruising, panting and open-wing posture, surface or core 45 

temperature, respiration rate, behavioral activity, and stress-related blood metabolites) 46 

and resource-based inputs such as space allowance, ventilation, journey time, and 47 

lairage conditions [10, 11]. EFSA identifies heat stress as a key welfare consequence for 48 

birds transported in containers and highlights the importance of journey planning, 49 

thermal limits, and space allowance [10], while the World Organisation for Animal 50 
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Health (WOAH) Terrestrial Animal Health Code recommends minimizing journey 51 

duration, ensuring fitness for travel, and aligning space allowance and vehicle or 52 

container design with weather and journey conditions [12]. Heat stress can also affect 53 

product quality; elevated muscle temperature combined with faster postmortem 54 

glycolysis and oxidative stress may increase the risk of pale, soft, exudative (PSE)-like 55 

defects, particularly when birds arrive hyperthermic and dehydrated [13–15]. 56 

This review synthesizes mitigation options across three operational stages: pre-57 

transport preparation, in-transit microclimate management, and post-transport recovery 58 

(Figure 1). We focus on decision-relevant variables that shape heat and moisture 59 

balance, including ambient temperature and relative humidity, ventilation pathways, 60 

crating density, and total deprivation time. Where the transport literature includes 61 

studies from mild or moderate weather, we cite them mainly to explain basic 62 

mechanisms (heat production, airflow limits, dehydration, and recovery) that also 63 

operate in hot climates, and we avoid over-generalizing beyond the tested conditions. 64 

For planning, EFSA summarizes thermal risk using Apparent Equivalent 65 

Temperature (AET), which combines temperature and relative humidity inside 66 

containers: AET < 40 is a “safe” zone, 40–65 is an “alert” zone, and AET > 65 is a 67 

“danger” zone for heat stress [10]. In studies conducted in hot and humid weather (for 68 

example, ~27–34°C with ~53–63% RH), longer trips (e.g., 160–240 km) and higher 69 

crating density (e.g., >12 birds per crate or <0.042 m² per bird) were associated with 70 

higher body weight loss, higher DOA, and poorer meat quality [9]. These values are not 71 

universal limits, but they provide practical reference points for screening risk and 72 

prioritizing interventions. 73 

Across studies, results sometimes differ because weather, truck design, crate 74 

material, bird size, and handling time change the balance between heat storage and 75 
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convective/evaporative heat loss. In the sections below, we therefore describe both the 76 

direction of effects and the main context factors that may explain why a strategy works 77 

in one setting but not in another. 78 

 79 

Pre-Transport Procedures 80 

Crate sanitization 81 

Although crate hygiene is often framed as a food-safety issue, it is also relevant 82 

to hot-climate transport because warm, humid conditions can accelerate microbial 83 

growth and increase ammonia volatilization from fecal residues. This can degrade in-84 

crate air quality and increase respiratory burden, potentially compounding heat stress 85 

when evaporative cooling is already limited by high humidity. Crate sanitization should 86 

therefore be treated as a complementary welfare and risk-mitigation measure alongside 87 

ventilation and loading management. 88 

Since transport crates move repeatedly between farms and processing plants, 89 

contamination can be introduced and amplified across multiple nodes in the farm–90 

transport–processing chain. Feces deposited in transport crates pose a substantial risk of 91 

cross-contamination [16]. Since crates are frequently reused across flocks, they can 92 

serve as reservoirs for Campylobacter spp. and Salmonella spp., increasing the risk of 93 

infection. Residual pathogens in inadequately sanitized crates may also be carried back 94 

to farms, particularly during thinning, when personnel and equipment enter poultry 95 

houses and create opportunities for cross-contamination [17]. The most significant 96 

crate-mediated risk arises when crates and modules that contacted contaminated fecal 97 

material are returned to farms without adequate cleaning and drying, enabling 98 

reintroduction and within-house spread. 99 

ACCEPTED



7 

Across studies, transport-crate bacterial loads can be reduced using multiple 100 

sanitization strategies, with effectiveness typically improving when physical cleaning is 101 

combined with heat or disinfectants. Washing crates with heated water (60°C), 102 

combined with detergent rinses and a disinfectant spray, reduces Enterobacteriaceae 103 

and Campylobacter counts [18]. An ultrasonic water bath at 60°C also reduces 104 

Enterobacteriaceae and aerobic plate counts [19]. Even spraying crates with tap water 105 

alone can substantially decrease Campylobacter, Escherichia coli (E. coli), and coliform 106 

levels [20]. Compared with conventional soak tanks, spray-based washing systems 107 

show superior decontamination only when water temperature is maintained at 55–60°C 108 

[17], and combining hot forced air with disinfectant can further improve bacterial 109 

reduction on crate surfaces [21]. Across methods, decontamination performance 110 

depends on effective removal of organic matter and on maintaining key process 111 

conditions, such as washing system, disinfectant type and concentration, temperature, 112 

relative humidity, pH, and contact time, which can differ between controlled trials and 113 

commercial washing lines. 114 

Beyond washing and disinfection, post-wash drying and heat-based steps can 115 

further reduce residual microbial loads. Allowing crates to dry for 24–48 hours can 116 

lower microbial loads to very low levels, sometimes below detection limits [20]. 117 

Exposing crates to airflow at 50°C for 15 minutes reduces Campylobacter, E. coli, and 118 

coliform counts [22], and dry conditions at moderately high temperatures can also 119 

impair Campylobacter survival [21]. Ultraviolet LED irradiation (260–270 nm) reduces 120 

Campylobacter jejuni, Enterobacteriaceae, and total aerobic counts, although some 121 

bacteria may remain detectable [23], however, its effectiveness may decline with long-122 

term crate surface damage that creates bacterial harborage sites. Given that warm 123 
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conditions promote pathogen proliferation and can worsen air quality, strict crate 124 

hygiene is particularly important for hot-climate transport operations. 125 

Despite demonstrated efficacy, most studies were conducted under controlled 126 

conditions, with limited evidence specifically under high-temperature transport 127 

scenarios. In addition, the literature mainly quantifies microbial load reduction and 128 

rarely evaluates how crate hygiene protocols affect broiler welfare, mortality, and 129 

carcass quality under hot-climate conditions. Future research should optimize 130 

sanitization strategies for elevated ambient temperatures, where microbial proliferation 131 

and ammonia volatilization may impair module air quality, and evaluate 132 

microbiological, welfare, and economic outcomes, including the feasibility of advanced 133 

methods such as ultraviolet LED irradiation and ultrasonic baths in commercial systems 134 

[19, 23]. Integrating hygiene with thermal and ventilation management through 135 

standardized operating procedures may yield the greatest risk reduction, especially 136 

when crate turnaround times are short and environmental conditions favor rapid 137 

microbial growth. 138 

 139 

Feed withdrawal and water deprivation 140 

Effects of feed withdrawal and water deprivation on broilers are summarized in 141 

Table 2. Fasting before slaughter is a standard practice in broiler production, primarily 142 

to reduce the risk of carcass contamination by pathogens such as Salmonella and 143 

Campylobacter. To minimize contamination, broilers are removed from feeders and 144 

fasted for several hours before catching. In practice, feed withdrawal time is often 145 

reported as the total time off feed from feeder removal to slaughter, which includes 146 

catching, loading, transport, and lairage. Regarding carcass hygiene and viscera 147 

condition, periods of pre-slaughter feed withdrawal shorter than approximately 6–7 148 
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hours may be insufficient for gut emptying and increase the likelihood of digesta 149 

leakage during evisceration [24, 25]. Withdrawal durations around 8–12 hours are often 150 

suggested as a practical compromise to support gut emptying while limiting excessive 151 

live weight loss [25, 26]. Importantly, evidence that feed withdrawal duration directly 152 

and consistently improves specific meat-quality traits is mixed: some studies report little 153 

to no change in physicochemical properties across different withdrawal times, whereas 154 

others report alterations in pH and color with longer withdrawal, often depending on 155 

season and co-occurring pre-slaughter stressors [27–29]. However, excessively long 156 

feed withdrawal can adversely affect broiler welfare and carcass yield. For example, 157 

fasting for 15 hours may reduce carcass yield due to stress, such as feather-pecking [27]. 158 

In practice, pre-slaughter withdrawal targets involve an inherent trade-off: more 159 

protracted withdrawal reduces the likelihood of gut content leakage and carcass 160 

contamination. In contrast, prolonged deprivation increases dehydration and thermal 161 

strain, especially under hot, humid conditions. Therefore, withdrawal should be planned 162 

as total time off feed and water, with hot-weather operations prioritizing the shortest 163 

feasible total deprivation time that still meets processing hygiene requirements. 164 

Transport to slaughter exposes broilers to dehydration and thirst due to the 165 

common pre-slaughter practice of water deprivation. Not only feed but also water is 166 

typically withheld before and during transport primarily for operational and hygiene 167 

reasons, including reducing crate wetting and soiling, and since access to water is rarely 168 

available during loading, transit, and lairage [30, 32]. Thirst is recognized as a negative 169 

motivational state that drives animals to seek water when access is restricted. Without 170 

the ability to drink, broilers not only experience negative emotional states but also suffer 171 

a net loss of total body water, leading to dehydration. Dehydration significantly impairs 172 

thermoregulation, reducing the birds’ ability to cool themselves and increasing the risk 173 
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of hyperthermia and mortality, especially in hot climates [31]. The combination of 174 

increased mortality and dehydration-related declines in carcass quality presents serious 175 

economic consequences that must be considered. Supporting this, a study indicates that 176 

prolonged journeys accompanied by extended water deprivation are often associated 177 

with measurable physiological signs of dehydration and potentially adverse emotional 178 

states [32]. 179 

Although fasting and water deprivation protocols are well established for 180 

contamination control, their interaction with high ambient temperatures remains 181 

insufficiently studied. Prolonged withdrawal under high-temperature conditions may 182 

exacerbate dehydration and impair thermoregulation, increasing the risk of heat stress 183 

and mortality. Future work should define pre-slaughter withdrawal schedules that 184 

account for total deprivation time and the thermal environment, using integrated welfare 185 

and physiological responses alongside DOA and carcass quality metrics to minimize 186 

thermal and physiological stress under hot-climate conditions while maintaining carcass 187 

quality. 188 

 189 

Catching and crating practices 190 

The effects of catching and crating on broilers are summarized in Table 3. 191 

Catching and crating broilers before transport is a critical pre-slaughter stage that can 192 

significantly influence stress levels, injury rates, and DOA. Under hot-climate 193 

conditions, birds at this stage are highly susceptible to thermal stress because they are 194 

handled and crowded, with restricted convective cooling, and because agitation, such as 195 

wing flapping, increases metabolic heat production and panting, which can accelerate 196 

dehydration and hyperthermia even before the truck departs. Poor handling techniques 197 

ACCEPTED



11 

at this stage often result in fractures, bruising, and physiological distress, compromising 198 

broiler welfare and ultimately affecting production performance. 199 

Inverted catching, in which birds are grasped by one or both legs and carried 200 

upside down before being placed into crates, remains common in commercial practice. 201 

However, this technique has been widely criticized due to its association with a 202 

heightened risk of injury and physiological stress. Broilers caught by one leg are more 203 

prone to hip dislocations and severe thigh hemorrhage [33], whereas catching by both 204 

legs, while providing greater stability, may prolong handling time and trigger excessive 205 

wing flapping, which can exacerbate stress responses and increase thermal and 206 

dehydration burden in hot, humid conditions [34]. Given these drawbacks, catching 207 

birds by both legs while supporting the body has been recommended to help limit 208 

welfare concerns and reduce the risk of injury. Upright catching, where birds are carried 209 

with their breasts supported and wings restrained, has been proposed as a more humane 210 

alternative [10]. This method may reduce handling-induced distress and is increasingly 211 

considered for manual depopulation [35]. However, its practicality in large-scale 212 

commercial operations remains questionable, as it is more labor-intensive than 213 

conventional inverted catching, and it may increase worker fatigue and prolong the time 214 

birds are exposed to pre-slaughter heat and humidity. 215 

To balance welfare considerations with efficiency, mechanical catching systems 216 

have been introduced, reducing the need for direct human-animal contact. These 217 

systems can be broadly classified into forced and unforced catching methods. Forced 218 

mechanical catching employs rotating mechanisms with soft, rubber-like components to 219 

grasp and collect birds, whereas unforced mechanical catching utilizes a conveyor-belt 220 

system that transports broilers in an upright position, eliminating the need for direct 221 

physical restraint [36]. In hot-climate conditions, mechanized systems may reduce time-222 
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to-load and cumulative thermal exposure, but higher operating speeds and impacts can 223 

increase the risk of bruising and injury, highlighting a practical trade-off between 224 

thermal risk reduction and mechanical damage. While mechanical catching has been 225 

associated with a faster return to normal heart rate and a shorter duration of tonic 226 

immobility than inverted manual methods, it has also been linked to a higher incidence 227 

of injuries and higher DOA rates [37]. Overall, outcomes appear mixed and may depend 228 

on equipment design, operating speed, and on-farm handling conditions at the time of 229 

depopulation. 230 

Despite extensive evaluation of manual and mechanical catching techniques for 231 

welfare and efficiency, their suitability under high-temperature conditions remains 232 

poorly understood. Extended handling times during depopulation may prolong exposure 233 

to heat, potentially compounding thermal stress before transport. In addition, delays 234 

during pre-loading can prolong crowding and restricted ventilation, further elevating the 235 

thermal load. Since hot-climate risk is time-dependent, any approach that shortens 236 

handling duration may lower thermal load, but overly rapid handling can compromise 237 

placement quality and increase collisions or injuries, therefore, both thermal and 238 

physical risks should be managed concurrently. Future research should clarify the 239 

impact of different catching methods in hot climates and develop handling protocols 240 

that minimize both thermal and physical stress while maintaining operational efficiency. 241 

 242 

Dietary strategies 243 

Studies investigating the effects of dietary supplementation with feed additives 244 

on broilers before transport in hot-climate conditions are summarized in Table 4. A 245 

common nutritional intervention used to help limit transport stress and support welfare 246 

and meat quality outcomes in broilers under hot-climate conditions involves 247 
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supplementing feed additives either only during the final few days to about two weeks 248 

before slaughter, or continuously throughout the production cycle from hatch to 249 

slaughter. Across the literature, reported benefits are typically evaluated using 250 

physiological and welfare indicators, as well as postmortem meat quality traits, rather 251 

than growth performance outcomes. Notably, the evidence base includes both field 252 

observations during hot-weather transport and controlled studies using experimentally 253 

induced heat or transport stress, so reported responses should be interpreted with 254 

consideration of the thermal load and transport intensity. Various dietary supplements, 255 

including creatine, guanidinoacetic acid, resveratrol, vitamins, betaine, L-theanine, and 256 

selenium, have been studied for their potential to mitigate transport-induced stress. 257 

These additives are proposed to act mainly through two pathways, by supporting 258 

antioxidant or anti-inflammatory defenses and by modulating muscle energy 259 

metabolism and early postmortem glycolysis, and may thereby help limit transport-260 

associated welfare impairment and meat quality deterioration. 261 

Creatine 262 

Energy-buffering strategies that modulate early postmortem metabolism have 263 

been evaluated using both short pre-slaughter supplementation and hatch-to-slaughter 264 

feeding programs. Creatine supplementation is primarily considered for its role in 265 

muscle energy buffering. By supporting the phosphocreatine system and cellular energy 266 

status, creatine may attenuate the acceleration of early postmortem glycolysis caused by 267 

transport and heat stress. This may lower the risk of a rapid pH decline while muscle 268 

temperature remains elevated and reduce susceptibility to PSE-like defects. Consistent 269 

with this rationale, studies have reported improved energy status and reduced 270 

glycolysis-associated deterioration in transport-stressed broilers [38, 39]. In contrast, the 271 

effects of creatine supplementation on oxidative status appear less consistent across 272 
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transport studies, indicating that its strongest support is for glycolysis-related endpoints 273 

[39, 40]. 274 

Guanidinoacetic acid 275 

Guanidinoacetic acid, synthesized from arginine and glycine, is a natural 276 

precursor to creatine and phosphocreatine. These high-energy molecules help sustain 277 

cellular metabolism by preventing excessive accumulation of adenosine diphosphate 278 

(ADP) during periods of high energy demand [41]. Supplementation from hatch to 279 

slaughter has been reported to be associated with significant metabolic changes, 280 

including enhanced carbohydrate and energy metabolism, lower oxidative stress, and 281 

increased high-energy compound content in the pectoralis muscle, and these changes 282 

were accompanied by less transport-induced deterioration in meat quality [42]. 283 

Additionally, supplementing guanidinoacetic acid for 14 days before slaughter has been 284 

reported to be associated with lower muscle energy expenditure and delayed anaerobic 285 

glycolysis during transport stress [43]. Together, these findings suggest that both 286 

lifelong and short pre-slaughter supplementation can influence muscle energy status and 287 

early postmortem metabolism under transport stress. Overall, mechanistic evidence for a 288 

direct influence on postmortem glycolysis is relatively stronger for energy-buffering-289 

related additives such as creatine and guanidinoacetic acid than for most other 290 

supplements discussed in the review. 291 

Betaine 292 

Betaine, a trimethyl derivative of glycine, is widely distributed in biological 293 

systems and plays a crucial role in growth regulation, nutrient metabolism, osmotic 294 

balance, and antioxidant defense. As a methyl donor, betaine reduces plasma 295 

homocysteine levels by facilitating its conversion to methionine, which may support 296 

anti-stress responses [44]. It also functions as an osmolyte, accumulating within cells to 297 
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help maintain water retention and cell volume under heat stress. Furthermore, betaine 298 

contributes to creatine synthesis in skeletal muscle by donating a methyl group to 299 

guanidinoacetate via the methionine cycle. Betaine supplementation has been reported 300 

to be associated with less transport-related water-deprivation stress, possibly through 301 

modulation of water channels and stress-related gene expression, although it does not 302 

significantly improve meat quality under certain short-term protocols [45]. By contrast, 303 

studies using hatch-to-slaughter supplementation have reported better growth or less 304 

transport-associated deterioration in meat quality, potentially through combined effects 305 

on glycolysis regulation and antioxidant capacity [46]. These results indicate that 306 

outcomes may depend on supplementation duration, baseline heat load, and the relative 307 

contribution of dehydration versus metabolic stress during transport. Thus, for betaine, 308 

evidence is more consistent for hydration-related endpoints, whereas effects on 309 

postmortem glycolysis and meat quality appear more context-dependent. 310 

Vitamins 311 

Vitamin-based supplementation has been explored as a pre-transport nutritional 312 

strategy to buffer stress and oxidative challenges and to maintain physiological stability 313 

in broilers during hot-climate transport. In one study, a vitamin complex was associated 314 

with less severe transport-associated physiological disturbances compared with 315 

transported controls, with some measures not different from the non-transported control, 316 

suggesting potential benefits over longer distances [47]. Among vitamins, vitamin C (L-317 

ascorbic acid) is well known for its antioxidant properties, which may help protect cells 318 

from oxidative damage. While birds can synthesize vitamin C endogenously, their 319 

ability to do so declines under stress [48]. Supplementation with vitamin C has been 320 

associated with lower oxidative stress during transport, as evidenced by a lower 321 

heterophil-to-lymphocyte ratio and shorter tonic immobility duration, an indicator of 322 
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fear response [49]. Additionally, vitamin C and chromium have synergistic antioxidant 323 

effects. Chromium enhances intracellular vitamin C availability by amplifying insulin 324 

action, and its combined supplementation before transport has been associated with 325 

higher plasma total antioxidant capacity and lower stress indicators in transported 326 

broilers [50]. On the other hand, compared with energy-buffering strategies, evidence 327 

directly linking vitamin-based interventions to consistent alterations in postmortem 328 

glycolysis or specific meat-quality traits is more limited, as many studies primarily 329 

report stress or oxidative biomarkers and do not consistently observe changes in meat 330 

quality [47, 49, 50]. 331 

Antioxidant-focused supplements 332 

Heat stress rapidly increases oxidative damage, so antioxidant-oriented 333 

additives are often used as a mechanism-based approach that may help protect muscle 334 

tissues and maintain meat quality. Resveratrol supplementation from hatch to slaughter 335 

has been reported to help limit transport-related declines in meat quality by enhancing 336 

muscle antioxidant capacity and suppressing excessive anaerobic glycolysis [51]. L-337 

theanine supplementation from hatch to transport has likewise been reported to be 338 

associated with less transport-induced loss in immune organ indices and meat quality by 339 

modulating muscle glycolysis and redox status [52]. Selenium, a key cofactor for 340 

antioxidant enzymes such as glutathione peroxidase, may help reduce oxidative stress 341 

and has been associated with lower body-weight loss and improved meat quality under 342 

transport stress when provided from hatch to slaughter [53]. Overall, responses are most 343 

consistent for oxidative stress markers and downstream meat quality, but remain dose-, 344 

duration-, and microclimate-dependent. 345 

The most directly supported energy-buffering mechanism is observed for 346 

creatine-related strategies under transport-stress models [39, 43]. For many other 347 
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supplements, evidence is stronger for reducing oxidative or stress responses than for 348 

consistent, causal changes in postmortem glycolysis or specific meat-quality traits 349 

across diverse commercial conditions [47, 49, 50, 53]. A practical way to improve 350 

decision value is to match the additive category to the dominant risk: creatine-related 351 

strategies when rapid glycolysis and PSE-like risk are primary concerns, betaine when 352 

dehydration and osmotic stress are likely, and antioxidant-focused programs when 353 

oxidative stress is expected to be substantial. 354 

Providing feed additives has been reported to modulate physiological stress 355 

responses and to be associated with less transport-associated meat quality deterioration 356 

during broiler transport under hot-climate conditions. Most studies indicate that not only 357 

lifelong feeding but also short-term supplementation before slaughter yields measurable 358 

responses, making it a potentially useful strategy that may help limit welfare, DOA, and 359 

meat-quality-related processing losses under hot-climate transport conditions. However, 360 

because study designs vary widely in supplementation duration, transport intensity, and 361 

endpoint selection, practical recommendations should be tailored to the expected 362 

thermal load and the primary risk target. 363 

 364 

Transport Conditions 365 

Crate and load design 366 

Studies investigating the effects of crate and load design on broiler transport are 367 

summarized in Table 5. Optimized crate and load design, including crate structure, 368 

stacking configuration, and vehicle airflow pathways, can be important for limiting heat 369 

stress and production losses during broiler transport, especially in hot climates. Given 370 

that many studies are field-based and that multiple operational factors (e.g., ambient 371 

conditions, crating density, handling, and truck speed) can co-vary with design changes, 372 
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reported outcomes should generally be interpreted as context-dependent associations 373 

rather than as strictly causal effects of a single modification. Plastic crates have been 374 

found to maintain lower temperatures than iron crates and to be associated with more 375 

stable blood glucose and lactate levels, which may indicate lower heat strain under the 376 

tested conditions, suggesting that they may be a more suitable option for hot-climate 377 

transport [54]. Meanwhile, increasing crate height, which was tested as a potential 378 

welfare improvement, did not show a clear benefit. Instead, doubled-height crates were 379 

associated with increased heterophil-to-lymphocyte ratios and higher incidences of 380 

bruising and scratches on the wing, breast, and thigh, suggesting that crate height 381 

modifications may not be a viable solution [55]. 382 

Microclimate conditions inside the load can vary strongly by crate location. 383 

Studies report higher stress, greater body weight loss, and higher mortality in rear or 384 

lower rows, which may reflect weaker airflow and more heat and moisture build-up in 385 

these zones [4, 11, 56]. Because many open-sided trucks rely mainly on passive airflow, 386 

loading and stacking should aim to deliver air to all parts of the load and to limit 387 

“thermal core” areas during hot and humid weather. 388 

To address ventilation challenges, a prototype truck with eight lateral flaps, four 389 

on each side, was tested to evaluate its effect on DOA rates and the occurrence of PSE-390 

like meat [57]. While the modifications did not significantly reduce DOA rates, they 391 

were associated with a more stable thermal environment in the middle and rear sections, 392 

and a lower incidence of PSE-like meat. Beyond these truck-level modifications, adding 393 

spacers between crates improved external airflow but did not significantly enhance 394 

ventilation inside the crates, indicating that crate design has a greater impact on internal 395 

airflow than external ventilation adjustments [5]. Alternative load layouts were also 396 

evaluated, and a central-span layout was associated with better internal airflow and 397 
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lower heat stress, whereas an air-corridor layout had limited effect [6]. Together, these 398 

studies indicate that increasing inter-crate air gaps is insufficient unless it results in 399 

meaningful in-crate air exchange. Extreme non-standard loading and transport practices 400 

that fail to provide adequate support and restraint have been associated with marked 401 

behavioral and physiological stress responses, including prolonged tonic immobility 402 

[58], underscoring the importance of adequate support and restraint as a core design 403 

requirement for crate-and-load systems. 404 

Overall, crate-and-load design may help reduce heat stress and losses in hot 405 

climates, but its effects are often context-dependent, and integrated evidence on how 406 

crate geometry, stacking, density, and vehicle airflow interact remains limited. Future 407 

work should integrate these factors with airflow mapping to identify and mitigate 408 

thermal core zones within the load under commercial conditions. 409 

 410 

Crating density 411 

Studies investigating the effects of crating density are summarized in Table 6. 412 

Crating density determines the metabolic heat and moisture load per unit crate area and 413 

the birds’ capacity for postural adjustments. In hot weather, crating density mainly 414 

affects the temperature and humidity inside the crate and how well birds can cool 415 

themselves by panting, but it can also affect how stable birds remain during vibration, 416 

braking, and turning [7, 28, 59]. Thus, comparisons should therefore be interpreted 417 

alongside ventilation capacity and journey conditions. 418 

In controlled experiments where crating density is varied while other factors are 419 

kept mostly constant, tighter space allowances consistently lead to greater heat strain, 420 

including higher cloacal or rectal temperatures and more moisture buildup from panting 421 

[7, 28]. By contrast, commercial field datasets sometimes show higher DOA or injury 422 
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rates at lower crating densities, likely because birds move more and collide more under 423 

road vibration and variable handling, and since weather, route, and module setup can 424 

still confound the results [8, 59]. These field findings do not mean that giving more 425 

space is harmful by itself; rather, they suggest that when crate stability and handling are 426 

poor, more space can shift the main risk from heat load to collision-related injuries. 427 

The effects of crating density are strongly modified by humidity and journey 428 

duration. At high RH, evaporative cooling is constrained, so the additional moisture 429 

generated by panting at high densities can further reduce heat dissipation. Under hot, 430 

humid conditions during long-distance transport, higher densities are more often 431 

associated with higher mortality and greater physiological stress, and studies assessing 432 

meat quality also reported poorer breast meat quality. Conversely, for short journeys, 433 

night-time transport, or well-ventilated loads, the thermal penalty of tighter loading may 434 

be smaller, and outcomes may be dominated by handling quality, crate design, and 435 

measurement timing [8, 61]. 436 

In practice, density targets should be set as part of a heat-and-moisture-removal 437 

problem, not as a standalone value. For a given bird weight and crate or module, safer 438 

densities in hot climates are those that avoid sustained hyperthermia and humidity 439 

build-up under the expected journey duration and weather and maintain sufficient 440 

stability to minimize collisions and limb or wing injury [7–9, 28, 59–61]. Reporting a 441 

minimum core dataset (bird weight, space allowance, crate and load design, ambient 442 

temperature and RH, ventilation strategy, and journey duration) would substantially 443 

improve cross-study synthesis and support decision thresholds that are generalizable. 444 

 445 

Transport duration and distance 446 
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Studies investigating the effects of transport duration and distance are 447 

summarized in Table 7. Across the studies, transport duration ranges from 30 min to 5 h 448 

(some studies include 0 h controls), and transport distance ranges from 15 km to 320 449 

km, with some field datasets reporting categories above 300 km. Duration and distance 450 

primarily increase the time birds are exposed to heat, humidity, vibration, and to feed 451 

and water deprivation. In practice, “risk time” is best described as the total time from 452 

catching to slaughter, including waiting and lairage, not only driving time [3]. In 453 

commercial field data, longer trips often also involve changes in route, time of day, 454 

module setup, and loading practices, so results should be interpreted carefully. 455 

Controlled studies generally show that longer transport increases body weight 456 

loss and physiological stress, especially under hot and humid conditions where cooling 457 

by evaporation is limited [62, 63]. Meat quality results are less consistent, but longer 458 

duration or distance has been linked to changes in pH, color, and water-holding capacity 459 

[64–66]. In hot climates, long journeys are more often associated with higher DOA and 460 

stress when ventilation and microclimate control are insufficient, whereas well-461 

ventilated night transport or shorter trips may reduce heat strain and shift concern 462 

toward bruising or mechanical injury [9, 60, 67]. These effects also depend on crating 463 

density and RH, since heat and moisture build up over time and risk rises when RH is 464 

high and evaporative cooling is constrained [7, 9]. 465 

For commercial decision-making, plan catching time, loading rate, route choice, 466 

and slaughterhouse capacity to shorten total deprivation time and avoid mid-day heat 467 

peaks [63, 67]. If long trips cannot be avoided, prioritize ventilation-aware loading and 468 

active microclimate control to limit hot and humid zones within the load, rather than 469 

relying on distance reduction alone [4–6]. Overall, the most practical recommendation 470 

is to minimize total time from catching to slaughter and to match ventilation and 471 
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cooling capacity to the expected transport time under prevailing temperature and RH 472 

conditions [62, 63, 67], especially when heat and high RH are expected, and crating 473 

density is high [7, 9]. 474 

 475 

Post-Transport Procedures 476 

Water-misting 477 

Studies investigating water-misting before or after broiler transport in hot-478 

climate conditions are summarized in Table 8. The cooling benefit of misting depends 479 

on airflow: when droplets evaporate under adequate ventilation, surface cooling may 480 

reduce thermal strain, but when airflow is insufficient, misting can raise local RH and 481 

further constrain evaporative heat loss [68–71]. Commercial field data suggest that pre-482 

departure misting can be associated with lower DOA, but these comparisons are 483 

vulnerable to confounding by weather, flock condition, journey duration, and module 484 

configuration, so causal inference should be cautious [68]. 485 

Across controlled studies, the most consistent improvements are reported when 486 

misting is integrated with forced ventilation to reduce within-load temperature-RH 487 

variability and support recovery after arrival [69, 71, 72]. Under these conditions, 488 

studies report favorable shifts in pH, color, and water-holding capacity and a lower 489 

incidence of PSE-like defects, whereas misting without sufficient airflow can yield 490 

inconsistent physiological benefits [69–72]. 491 

In hot climates, misting should be deployed as a ventilation-supported cooling 492 

strategy rather than as a stand-alone intervention. Implementation should therefore be 493 

conditional on verified airflow delivery, with attention to water use, infrastructure 494 

requirements, and economic feasibility at commercial scale [69–72]. 495 

 496 
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Lairage management 497 

Studies investigating lairage management after broiler transport are summarized 498 

in Table 9. Lairage can facilitate recovery if it provides effective cooling and 499 

ventilation, but it can also extend deprivation time and prolong heat exposure when 500 

microclimate control is inadequate. Since the available evidence spans controlled trials 501 

and commercial observational datasets, optimal time thresholds should be interpreted 502 

cautiously, in relation to the preceding journey and the facility’s cooling capacity [8, 503 

73]. 504 

Across studies, the most consistent determinant of welfare benefit is not lairage 505 

time per se, but whether the holding microclimate rapidly reduces body temperature and 506 

stabilizes respiration under the prevailing ambient temperature-RH conditions [74, 75]. 507 

Prolonged holding without adequate cooling can exacerbate dehydration and fasting-508 

related weight loss and may increase microbial proliferation, whereas climate-controlled 509 

lairage may reduce thermal strain and pre-slaughter losses [8, 76]. 510 

Reported associations between lairage duration and mortality or meat quality 511 

are mixed and often confounded by total deprivation time, transport conditions, and 512 

processing plant capacity. Some datasets link short lairage to a higher incidence of PSE-513 

like meat, while longer lairage can be associated with lower DOA when cooling is 514 

effective; however, these patterns should not be interpreted as strictly causal effects of 515 

time alone [77]. 516 

In practice, lairage should be treated as an active recovery step with defined 517 

microclimate targets and verified airflow distribution. In hot climates, a short, well-518 

ventilated lairage may be preferable to a longer holding period without effective 519 

ventilation. When cooling capacity is sufficient, a modestly longer lairage can support 520 

recovery after longer or hotter journeys [74, 75]. In practice, this requires matching 521 
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lairage capacity to expected arrival peaks and prioritizing rapid unloading and 522 

stabilization when ambient heat and relative humidity are high. 523 

 524 

Conclusion 525 

Hot-climate transport works best when farms, transporters, and plants manage 526 

the whole chain: total deprivation time, within-load heat and humidity build-up, and 527 

recovery conditions after arrival. 528 

Pre-transport (on farm): Plan feed withdrawal and water access as total 529 

deprivation time (catching, waiting, transport, and lairage). Schedule catching or 530 

loading at night or early morning when possible, and avoid long waiting under direct 531 

sun. Use clean, dry crates and handle birds calmly to limit stress and bruising. 532 

In-transit: Use ventilation-aware stacking and loading so that airflow reaches all 533 

parts of the load. Adjust crating density and journey planning based on forecast weather 534 

and expected delays. Use misting only when airflow is strong; otherwise, added water 535 

can increase humidity and weaken cooling. 536 

Post-transport (lairage): Treat lairage as an active recovery step. Provide shade 537 

and effective ventilation with cooling, and avoid long holds without microclimate 538 

control. Monitor birds for panting and open-wing posture, and track DOA as an 539 

outcome indicator to improve the next transport plan. 540 

Overall, most interventions show context-dependent effects because 541 

temperature, humidity, truck design, crate type, bird size, and handling time all change 542 

heat and moisture balance. For this reason, future work should report weather and 543 

within-load conditions clearly and test combined strategies across the full transport 544 

chain, rather than single actions in isolation. 545 

 546 

ACCEPTED



25 

Acknowledgments 547 

This research was supported by the Rural Development Administration of the 548 

Republic of Korea (project number: RS-2024-00400914). 549 

ACCEPTED



26 

Tables and Figures 550 

 551 

Figure 1. Schematic overview of heat-stress–associated impacts and management strategies during broiler transport under hot-climate conditions. 552 

 553 
554 
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Table 1. Crate sanitization methods and effects on crate hygiene 555 
Crates Sanitization methods Observations References 

Used crates in a 
poultry processing 

plant 

Spray or immersion-based washing system 
Lower Campylobacter spp., total aerobic microbial 
count, and E. coli were noted with the spray-based 

washing system. 
[17] 

Reception platform after broiler removal, after cleaning and 
disinfection procedures in the transport crate sanitation room, or 

after 24 hours of natural drying in a separate room 

63% of the crates were Campylobacter-positive before 
cleaning and disinfection. 

 
Higher Campylobacter was noted when cleaning, 

disinfection, and drying were ineffective. 

[78] 

Drying with hot air, with or without sodium hypochlorite, for 
final disinfection 

Lower total aerobic bacteria and Enterobacteriaceae 
were reported when chemical disinfectant was used 

with hot-air drying. 
[21] 

None, immersion, or immersion with an ultrasonic water bath 
Lower aerobic plate counts and Enterobacteriaceae 

counts were seen after immersion in an ultrasonic water 
bath. 

[19] 

Used fiberglass 
transport-coop 

flooring 

Water spray with benchtop control, flowing air, hot flowing air, 
or static hot air 

Lower bacterial counts were observed after spray 
washing followed by 15 minutes of ambient air drying. 

 
Undetectable Campylobacter was reported when forced 

hot-air was applied for 15 minutes to spray-washed 
cage flooring. 

[22] 

None, water wash, water wash with sanitizer, or water wash with 
chlorine 

Spraying with tap water coincided with lower 
Campylobacter, E. coli, and coliforms. [20] 

Artificially 
contaminated crates Ultraviolet LED light (1 or 3 minutes) Lower Campylobacter jejuni, Enterobacteriaceae, and 

total aerobic bacteria were observed. [23] 

E. coli, Escherichia coli; LED, light-emitting diode. 

 556 
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Table 2. Effects of feed withdrawal and water deprivation on broilers 558 
Ambient temperature and 
humidity during transport 

Pre-slaughter feed withdrawal or water 
deprivation Observations References 

−22 – 22°C The review article examined water 
deprivation limits in poultry transport 

Transport durations over 6 hours may induce dehydration and 
stress. [32] 

26°C and 70% RH Feed withdrawal for 8 hours or not 

Eight hours of feed withdrawal 
With 8 hours of feed withdrawal, a higher population of 

Lactobacilli was reported, while E. coli and Clostridium spp. 
counts in the ceca changed little. 

[79] 

Not reported Feed withdrawal duration (9, 12, and 15 
hours) 

No differences in the physicochemical properties of meat. 
 

The lowest carcass yields were observed in broilers fasted for 15 
hours. 

[27] 

Not reported Feed withdrawal for 10 hours or not 
Feed withdrawal coincided with lower body weight and lower 

blood triglycerides, uric acid, and triiodothyronine 
concentrations. 

[28] 

Autumn: 11.3°C and 91.9% RH 
Winter: −1°C and 85.4% RH 

Feed withdrawal duration (8, 10, and 12 
hours) 

As withdrawal duration increased, meat pH increased and meat 
lightness decreased. 

 
As withdrawal duration increased, the sensory characteristics of 

the meat were reported to improve. 

[29] 

Not reported Feed withdrawal duration (0, 6, 12, and 18 
hours) 

Higher live weight loss was observed as feed withdrawal 
duration increased. 

 
Lower coliform bacteria were observed as the feed withdrawal 

period increased. 

[26] 

Not reported Feed withdrawal duration (0, 4, 8, 12, 16, 
20, and 24 hours) 

Higher crop pH and bacterial count were observed as fasting 
time increased. 

 
Blood uric acid, glucose, and cholesterol concentrations were 

affected by fasting time. 

[24] 

RH, relative humidity. 

 559 
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Table 3. Effects of catching and crating practices on broilers 561 
Breed Catching or crating Observations References 

Broilers 

Two manual catching methods (inverted 
and upright catching methods) 

Crating time was shorter in the upright catching method. 
 

More wing fractures were observed with the inverted catching method. 
[80] 

Wing flapping was observed more frequently in broilers caught with the inverted than the 
upright catching method. 

 
Epiphysiolysis (growth-plate injury) was observed more frequently in broilers caught 

with the one-legged than the two-legged catching method. 

[35] 

Manual and mechanical loading 

A smaller number of broilers with a hematoma on the wing were observed after manual 
loading compared with mechanical loading. 

 
Severe wing injuries did not differ between the loading methods. 

 
The number of broilers DOA was greater in mechanically loaded flocks. 

[81] 

Wing flapping frequency was lower for upright catching compared to inverted catching. 
 

The prevalence of catch damage was lower with upright catching than with mechanical 
catching. 

[82] 

Various factors during loading with a 
loading machine 

As rotation and conveyor belt speed increased, the risk of most behaviors or impacts 
rose, except that escape behavior became less likely. 

 
Greater escape behavior corresponded to a lower risk of severe injuries. 

 
Wing flapping and bumping against the machine or container were linked to a higher risk 

of hematomas and abrasions. 

[83] 

Cobb 
broilers 

Operational and human factors during 
catching and crating 

Shed curtain position influenced broiler agitation; closed curtains coincided with less 
wing flapping during catching but more agitation inside transport crates. 

 
Longer loading times were accompanied by greater worker fatigue, lower handling 

quality, and more wing flapping and crate collisions. 
 

When broilers were caught individually in an upright position, less agitation, fewer crate 
collisions, and lower stress were reported than when two birds were carried together. 
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Individual differences among catchers affected broiler agitation and crate collisions. 
 

A higher likelihood of broilers striking the crate entrance was reported when transport 
crates were placed directly on the litter, likely because the extra physical strain on 

catchers may reduce handling precision. 
 

Gentle placement into crates coincided with less agitation but a higher likelihood of birds 
striking the crate entrance. 

DOA, dead-on-arrival. 
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Table 4. Effects of dietary strategies on broilers before transport in hot-climate conditions 563 
Ambient temperature and 
humidity during transport Dietary strategies Observations References 

17–23°C and 27% RH 

Betaine 

Lower expression of stress-related transcripts and modulation of water channels were reported, 
without clear improvement in broiler meat quality. [45] 

11.5 ± 2.1°C and 76.5% 
RH 

Feeding betaine from hatch to transport before slaughter coincided with better growth 
performance and less meat quality deterioration in transported broilers, possibly through changes 

in muscle anaerobic glycolysis and antioxidant capacity. 
[46] 

28.7 ± 4.1°C and 80.3% 
RH Creatine monohydrate 

No effect on antioxidant capacity [40] 

26.8–31.5°C and 77.6–
83.1% RH 

Less transport-induced rapid muscle glycolysis and less meat quality deterioration were 
observed. [39] 

Not reported Vitamin A, D, E, K, 
B, C 

No difference in body weight, heart rate, rectal temperature, respiratory rate, or hematological 
conditions between the birds supplemented with vitamins transported at a distance of 90 km and 

the birds not transported 
[47] 

32°C 
and 80% RH Vitamin C A lower heterophil-to-lymphocyte ratio and shorter tonic immobility duration were reported. [49] 

31.5 ± 1.1°C and 35.0 ± 
3.7% RH 

Vitamin C or 
chromium 

No effect on performance parameters 
Either alone or in combination, chromium corresponded to higher plasma total antioxidant 

capacity. 
 

Shorter tonic immobility duration was noted with chromium + vitamin C. 

[50] 

30.2–34.8°C and 71–80% 
RH Resveratrol 

Less meat quality impairment, lower muscle anaerobic glycolysis, and higher muscle antioxidant 
capacity were observed. 

 
Higher muscle glycogen content and total superoxide dismutase and glutathione peroxidase 
activities, together with lower muscle malondialdehyde content and lactate dehydrogenase 

activity, were reported. 

[51] 

31.2–34.6°C and 65–91% 
RH L-theanine Less transport-stress-related impairment in immune organ indexes and meat quality was reported. [52] 

27.0–32.6°C and 77.8–
87.8% RH Guanidinoacetic acid 

Metabolic differences were observed in carbohydrate metabolism, energy metabolism, and 
oxidative stress metabolism 

 
Higher high-energy compound content in the pectoralis muscle and less meat quality 

deterioration under pre-slaughter transport stress were observed. 

[42] 

Not reported Lower muscle energy expenditure and delayed anaerobic glycolysis were noted. [43] 
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25 ± 2°C and 42–44% 
RH 

Selenium-enriched 
Cardamine enshiensis 

Lower transport-stress-induced body weight loss, higher antioxidative capacity, and less meat 
quality impairment were seen. [53] 

RH, relative humidity. 

  564 

ACCEPTED



33 

Table 5. Effects of crate and load design on broiler transport 565 
Ambient 

temperature and 
humidity during 

transport 

Crate and load design Observations References 

30°C and 40% RH Iron and plastic crates 

Plastic crates coincided with lower 
glucose and lactate levels after 

transport and lower skin temperature 
before and after transport. 

[54] 

Not reported Standard crates and crates of doubled height 

Doubled-height crates were linked to 
higher heterophil-to-lymphocyte 

ratios, as well as more wing, breast, 
and thigh bruises and scratches. 

[55] 

28.7 ± 2.6°C and 
53.8 ± 9% RH 

Regular and prototype truck (regular vehicle modified by the 
introduction of eight flaps, four on each side of the truck) 

No difference in DOA 
 

The prototype truck corresponded to 
less PSE-like meat. 

[57] 

25°C and 75% RH 

Conventional layout and alternative layout with spacers 

Spacers in the alternative layout were 
accompanied by better airflow 

between crates, but internal ventilation 
did not clearly improve. 

[5] 

Conventional layout, central span, and air corridor 

Better ventilation and air circulation 
were seen with the central-span layout. 

 
The air corridor layout had a limited 

impact on ventilation. 

[6] 

DOA, dead-on-arrival; PSE, pale, soft, and exudative; RH, relative humidity. 
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Table 6. Effects of crating density on broiler transport 567 
Ambient 

temperature and 
humidity during 

transport 

Crating density Observations References 

28–32°C 0.090, 0.075, 0.064, 0.056, and 0.050 m2/bird 

Mortality was higher at higher crating 
densities, while greater body weight 

loss at night was seen at lower 
densities. 

[8] 

Not reported 0.0575 and 0.0350 m2/bird 

At lower crating density, lower rectal 
temperature and stress levels, together 

with better thermoregulation, were 
reported. 

 
No effect on meat quality 

[28] 

27.2–33.6°C and 
52.7–62.9% RH 0.050, 0.042, and 0.033 m2/bird 

Lower cooking loss and shear force, 
and higher marinade retention, were 

observed at low crating density than at 
higher crating density 

 
Lower thaw loss was observed at 

medium crating density than at higher 
crating density 

 
Higher cooking loss, thaw loss, shear 
force, and lightness were observed at 
higher crating density than at other 

crating densities 

[60] 

Higher crating density corresponded to 
higher mortality, body weight loss, 

and serum catalase activity, along with 
lower carcass yield. 

[9] 

Summer: 30°C and 
40% RH 

Winter: −1°C and 
47% RH 

0.039, 0.031, and 0.026 m2/bird 

Compared with lower crating 
densities, higher crating density 

coincided with lower body weight 
loss, blood lactate levels, and 

[61] 
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respiratory frequency, regardless of 
ambient climate. 

Summer: 27°C and 
80% RH 

Winter: −9°C and 
60% RH 

0.097, 0.087, 0.078, 0.071, and 0.065 m2/bird 

More sitting behavior was seen at 
higher crating densities, whereas more 
standing behavior was seen at lower 

crating densities during transport. 

[7] 

Not reported Plastic crate: 0.043 and 0.062 m2/bird 
Container crates: 0.049–0.050 and 0.063–0.064 m2/bird 

Higher DOA, confiscations, limb 
injuries, and bruising were observed 
when loading density was reduced. 

[59] 

DOA, dead-on-arrival; RH, relative humidity. 
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Table 7. Effects of transport duration and distance on broiler transport 570 
Ambient 

temperature and 
humidity during 

transport 

Transport duration or 
distance Observations References 

20°C 2, 3, 4, and 5 hours Drip loss, meat color, and resting behavior changed as transport duration increased. [64] 

29–32°C and 90.2–
94.5% RH 

0, 0.5, 1, 2, and 3 
hours 

Longer transport duration was accompanied by higher body weight loss, higher plasma 
adrenocorticotropic hormone, cortisol, and corticosterone, higher glutathione peroxidase activity and 

breast muscle drip loss, and lower total antioxidant capacity. 
[62] 

23.5 ± 1.5°C and 
84.6 ± 5.3% RH 15 and 90 km Longer transport duration corresponded to higher final pH and redness, together with lower lightness, 

yellowness, and cooking loss. [65] 

Summer 25–35°C, 
Autumn 15–

25°C, and Winter 
10–20°C 

15, 50, 150 km 

With increasing transport distance, glucose and lactate dehydrogenase decreased, whereas the 
heterophil-to-lymphocyte ratio and corticosterone increased. 

 
Higher corticosterone was observed at 50 km, especially in longer transport (150 km) 

[63] 

Not reported 
Less than 40 km, 70–
80 km, and 140–150 

km 

Shorter transport tended to show better meat quality and a lower incidence of PSE breast meat and 
bruising. [67] 

39.08–40.89°C and 
0.34–16.61% RH 40, 70, and 130 km Longer transport coincided with lower cooking loss and yellowness, along with higher redness. [85] 

15°C and 60% RH 70 and 250 km 

With increasing transport distance, protein and ash values decreased, whereas fat value increased in 
breast meat. 

 
With decreasing transport distance, crude fat decreased and crude ash increased in thigh meat. 

[86] 

27.2–33.6°C and 
52.7–62.9% RH 80, 160, and 240 km 

With increasing transport distance, body weight loss and DOA increased. 
 

The long journey (240 km) corresponded to lower carcass and breast yield. 
[9] 

Higher drip loss, thaw loss, cooking loss in raw and marinated breast, and meat shear force were 
observed in longer transport. 

 
Meat pH at 2 hours postmortem was higher in shorter transport than in longer transport. 

[60] 

33°C 30, 90, and 180 
minutes 

The occurrence of PSE-like meat was higher in broilers subjected to shorter journeys and lairage 
periods, whereas DOA was more pronounced during longer transport durations. 

 
Redness increased, while lightness decreased, with increasing transportation duration. 

[77] 

Not reported 0, 80, 160, 240, and Longer transport distances were linked to higher meat firmness and lower pH. [66] 
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320 km  
Meat color varied with transport distance. 

14.5, 4.8, 17.4, and  
24.3°C in the 
autumn, winter, 

spring,  
and summer 

Less than 50 km, 51–
150 km, and more 

than 151 km 

Higher total body weight loss was observed with longer transport distance. 
(Total loss was higher in summer than in other seasons.) [87] 

Spring 8.2°C, 
Summer 18.6°C, 
Autumn 9.2°C, 
Winter 0.5°C 

≤50, 51–100, 101–
200, 201–300, and 

>300 km 
Transport-related mortality increased with transport distance, peaking at >300 km. [88] 

DOA, dead-on-arrival; PSE, pale, soft, and exudative; RH, relative humidity. 
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Table 8. Effects of water-misting on broiler transport in hot-climate conditions 572 
Ambient temperature and 
humidity during transport Water-misting technology Observations References 

30°C Water spraying just before 
transportation No effect on hematology, hormonal status, and meat quality [89] 

30°C and 62–78% RH Load wetting method Load wetting appeared to have only momentary, transient effects in attenuating the 
ambient conditions of the broiler load. [90] 

Not reported Water-misting sprays with 
forced ventilation Better meat quality and a lower occurrence of PSE-like meat were reported. [71] 

32–35°C Water shower spray after 
transport 

Less protein denaturation, better water-holding capacity, and less meat quality 
deterioration were observed. [70] 

32°C and 56% RH Three-dimensional ventilation 
and water-misting spray 

Higher muscle pH and lower lightness, drip loss, cooking loss, creatine kinase, 
lactate dehydrogenase activity, plasma glucose content, lactate, and glycolytic 

potential were reported. 
[91] 

32°C Higher storage modulus, hardness, and chewiness in meat were noted. [69] 
Lower drip loss, cooking loss, and thawing loss in meat were seen. [72] 

RH, relative humidity; PSE, pale, soft, and exudative. 
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Table 9. Effects of lairage management after broiler transport 575 
Ambient temperature and 
humidity during transport Lairage management Observations References 

0–26°C Lairage (15–555 minutes) or 
not 

Higher huddling prevalence and more splayed legs were observed 
 

Lower body temperature and plumage cleanliness, and fewer supine birds or birds 
with wings stuck in crates, were observed 

[3] 

33°C Lairage duration 
(30, 90, 180 minutes) 

The occurrence of PSE-like meat was higher in broilers subjected to shorter lairage 
periods, whereas DOA was more pronounced during longer lairage periods. [77] 

24–26°C and 41–65% RH Lairage duration 
(0, 2, 4, 6 hours) 

With longer lairage, lower lymphocytes, plasma triglycerides, glucose, pH, and 
redness of breast fillets were observed, whereas the heterophil-to-lymphocyte ratio, 
basophil count, lactate dehydrogenase activity, cholesterol levels, and lightness of 

breast fillets were higher. 

[92] 

18–22°C 

Lairage duration 
(Varied by commercial 

farm) 

Lower rectal temperature was observed as lairage time increased. [74] 
Lower pre-slaughter mortality was observed during summer when lairage time was 

increased, mainly after one hour of exposure to a controlled environment 
 

Lairage for 3 to 4 hours in a controlled environment during summer and spring 
coincided with lower thermal load in broilers. 

[2] 

A lower mortality rate was observed with 2 hours of lairage in a controlled 
environment 

 
No effect on the mortality rate during the night 

[93] 

Morning: 19.5–31.1°C and 68 
± 23% RH, afternoon: 24–

35°C and 55 ± 21% RH, and 
night: 23.7°C and 82 ± 15% 

RH 

A lower incidence of death losses was observed when lairage time was between 1 
and 3 hours under high temperatures (>22°C). 

 
Lower mortality was observed when lairage exceeded 3 hours (>28°C). 

[75] 

−22.6–22.3°C (median 6.1°C) 
Lairage duration 

(Varied by commercial 
farm) and temperature 

Lairage duration had no effect on DOA. 
 

Slightly lower mortality was marginally linked to increased fan use. 
[94] 

Not reported 

Pre-slaughter holding-room 
lighting 

(blue LED, 18 lux, 15 
seconds vs. white LED, 321 

lux, 15 seconds) 

Lower corticosterone, shorter bleeding time, and higher carcass quality were 
observed under blue lighting than under white lighting. [95] 
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DOA, dead-on-arrival; RH, relative humidity; LED, light-emitting diode. 

576 

ACCEPTED



41 

  577 

ACCEPTED



42 

References 578 
1. Afnan I, Afnan R, Ulupi N. Factors causing weight loss and death of broiler 579 
chickens during the transportation process. Vet Integr Sci. 2026;24(1):1–12. 580 
https://doi.org/10.12982/VIS.2026.016 581 
2. Vieira FMC, Silva IJO, Barbosa Filho JAD, Vieira AMC, Broom DM. 582 
Preslaughter mortality of broilers in relation to lairage and season in a subtropical 583 
climate. Poult Sci. 2011;90(10):2127–33. https://doi.org/10.3382/ps.2010-01170 584 
3. Jacobs L, Delezie E, Duchateau L, Goethals K, Tuyttens FA. Impact of the 585 
separate pre-slaughter stages on broiler chicken welfare. Poult Sci. 2017;96(2):266–73. 586 
https://doi.org/10.3382/ps/pew361 587 
4. Simões GS, Oba A, Matsuo T, Rossa A, Shimokomaki M, Ida EI. Vehicle 588 
thermal microclimate evaluation during Brazilian summer broiler transport and the 589 
occurrence of PSE (Pale, Soft, Exudative) meat. Braz Arch Biol Technol. 2009;52:195–590 
204. https://doi.org/10.1590/S1516-89132009000700025 591 
5. Pinheiro DG, Machado NA, Barbosa Filho JA, Silva IJD. Computational 592 
analysis of load ventilation in broiler transport. Eng Agric. 2021;41(1):9–18. 593 
https://doi.org/10.1590/1809-4430-Eng.Agric.v41n1p9-18/2021 594 
6. Pinheiro DG, Barbosa Filho JA, Machado NA. Impact of load layout on 595 
internal ventilation during the transport of broilers. Eng Agric. 2022;42:e20220017. 596 
https://doi.org/10.1590/1809-4430-Eng.Agric.v42n3e20220017/2022 597 
7. Lee J, Yu M, Nawarathne SR, Oketch EO, Heo JM. Effect of crating density 598 
and weather in transit on behavior, surface temperature, and respiration rate in broilers 599 
considering animal welfare. Korean J Poult Sci. 2023;50(4):293–301. 600 
https://doi.org/10.5536/KJPS.2023.50.4.293 601 
8. Vieira FMC, Silva IJO, Barbosa Filho JAD, Vieira AMC. Reducing pre-602 
slaughter losses of broilers: crating density effects under different lairage periods at 603 
slaughterhouse. J Anim Behav Biometeorol. 2013;1(1):1–6. 604 
https://doi.org/10.14269/2318-1265.v01n01a01 605 
9. Hussnain F, Mahmud A, Mahmood S, Jaspal MH. Effect of transportation 606 
distance and crating density on pre-slaughter losses and blood biochemical profile in 607 
broilers during hot and humid weather. Turk J Vet Anim Sci. 2020;44(2):418–26. 608 
https://doi.org/10.3906/vet-1905-85 609 
10. EFSA Panel on Animal Health and Welfare (AHAW), Nielsen SS, Alvarez J, 610 
Bicout DJ, Calistri P, et al. Welfare of domestic birds and rabbits transported in 611 
containers. EFSA J. 2022;20(9):e07441. https://doi.org/10.2903/j.efsa.2022.7441 612 
11. Mitchell MA, Kettlewell PJ. Transport and handling. In: Weeks CA, 613 
Butterworth A, editors. Measuring and auditing broiler welfare. CABI Publishing; 2004. 614 
p. 145–60. https://doi.org/10.1079/9780851998053.0145 615 
12. World Organisation for Animal Health (WOAH). Terrestrial Animal Health 616 
Code. Chapter 7.3. Transport of animals by land. 2021. Available from: 617 
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/en/chapitre_a618 
w_land_transpt.pdf 619 
13. Zaboli G, Huang X, Feng X, Ahn DU. How can heat stress affect chicken meat 620 
quality? – a review. Poult Sci. 2019;98(3):1551–6. https://doi.org/10.3382/ps/pey399 621 
14. Li K, Zhao Y, Kang Z, Wang P, Han M, Xu X, et al. Reduced functionality of 622 
PSE-like chicken breast meat batter resulting from alterations in protein conformation. 623 
Poult Sci. 2015;94(1):111–22. https://doi.org/10.3382/ps/peu040 624 
15. Zhang L, Li J, Wang X, Zhu X, Gao F, Zhou G. Attenuating effects of 625 
guanidinoacetic acid on pre-slaughter transport-induced muscle energy expenditure and 626 

ACCEPTED



43 

rapid glycolysis of broilers. Poult Sci. 2019;98(8):3223–32. 627 
https://doi.org/10.3382/ps/pez052 628 
16. Perdoncini G, Sierra Arguello YM, Moreira Lima L, Quedi Furian T, Apellanis 629 
Borges K, Beatriz Rodrigues L, et al. Detection and quantification of Campylobacter in 630 
poultry slaughterhouses using conventional microbiological technique, most probable 631 
number, and real-time PCR. Foodborne Pathog Dis. 2022;19(2):143–50. 632 
https://doi.org/10.1089/fpd.2021.0071 633 
17. Van der Eycken M, Hertogs K, Willems S, Heyndrickx M, Rasschaert G. A 634 
comparison of immersion-based and spray-based crate washing systems on the impact 635 
of Campylobacter spp. reduction. Br Poult Sci. 2025;66(3):358–66. 636 
https://doi.org/10.1080/00071668.2024.2435013 637 
18. Atterbury R, Gigante A, Tinker D, Howell M, Allen V. An improved cleaning 638 
system to reduce microbial contamination of poultry transport crates in the United 639 
Kingdom. J Appl Microbiol. 2020;128(6):1776–84. https://doi.org/10.1111/jam.14576 640 
19. Allen VM, Whyte RT, Burton CH, Harris JA, Lovell RD, Atterbury RJ, et al. 641 
Effect of ultrasonic treatment during cleaning on the microbiological condition of 642 
poultry transport crates. Br Poult Sci. 2008;49(4):423–8. 643 
https://doi.org/10.1080/00071660802262068 644 
20. Berrang M, Northcutt J. Water spray and immersion in chemical sanitizer to 645 
lower bacterial numbers on broiler transport coop flooring. J Appl Poult Res. 646 
2005;14(2):315–21. https://doi.org/10.1093/japr/14.2.315 647 
21. Dzieciolowski T, Boqvist S, Rydén J, Hansson I. Cleaning and disinfection of 648 
transport crates for poultry–comparison of four treatments at slaughter plant. Poult Sci. 649 
2022;101(1):101521. https://doi.org/10.1016/j.psj.2021.101521 650 
22. Berrang M, Hofacre C, Meinersmann R. Forced hot air to dry feces and kill 651 
bacteria on transport cage flooring. J Appl Poult Res. 2011;20(4):567–72. 652 
https://doi.org/10.3382/japr.2011-00391 653 
23. Moazzami M, Fernström L-L, Hansson I. Reducing Campylobacter jejuni, 654 
Enterobacteriaceae and total aerobic bacteria on transport crates for chickens by 655 
irradiation with 265-nm ultraviolet light (UV–C LED). Food Control. 2021;119:107424. 656 
https://doi.org/10.1016/j.foodcont.2020.107424 657 
24. Saki A, Azadinia B, Khosravinia H, Rashidian A, Hemati Matin H. Effects of 658 
pre-slaughter feed withdrawal and sex on crop, carcass characteristics and some blood 659 
parameters in broiler chicken. Int J Agric Technol. 2011;7(5):1233–45 660 
25. Northcutt J, Savage S, Vest L. Relationship between feed withdrawal and 661 
viscera condition of broilers. Poult Sci. 1997;76(2):410–4. 662 
https://doi.org/10.1093/ps/76.2.410 663 
26. Şengör E, Yardimci M, Siriken B, Bozkurt ZA, Tekerli M, Kenar B, et al. 664 
Determination of optimum pre-slaughter feed withdrawal time in broiler chickens and 665 
its effect on meat yield, microbiological composition of gut content and microbiological 666 
quality of the carcass. Turk J Vet Anim Sci. 2006;30(6):561–9. 667 
27. Sabaw A, Muhammed T, editors. Meat Quality and Carcass Characteristics 668 
Assessments in Broiler Chickens Subjected to Different Pre-Slaughter Feed Withdrawal 669 
Times. IOP Conf Ser: Earth Environ Sci. 2021;761:012112. 670 
https://doi.org/10.1088/1755-1315/761/1/012112 671 
28. Delezie E, Swennen Q, Buyse J, Decuypere E. The effect of feed withdrawal 672 
and crating density in transit on metabolism and meat quality of broilers at slaughter 673 
weight. Poult Sci. 2007;86(7):1414–23. https://doi.org/10.1093/ps/86.7.1414 674 

ACCEPTED



44 

29. Çolak B, Bülent T. The Effect of Season and Feed Withdrawal Duration on 675 
Meat Quality Characteristics of Broiler Chicken in Commercial Slaughter Conditions. J 676 
Anatol Environ Animal Sci. 2022;7(3):367–73. https://doi.org/10.35229/jaes.1112687 677 
30. Rasschaert G, De Zutter L, Herman L, Heyndrickx M. Campylobacter 678 
contamination of broilers: the role of transport and slaughterhouse. Int J Food 679 
Microbiol. 2020;322:108564. https://doi.org/10.1016/j.ijfoodmicro.2020.108564 680 
31. Whiting TL, Drain ME, Rasali DP. Warm weather transport of broiler chickens 681 
in Manitoba. II. Truck management factors associated with death loss in transit to 682 
slaughter. Can Vet J. 2007;48(2):148–54. 683 
32. Wurtz K, Herskin M, Riber A. Water deprivation in poultry in connection with 684 
transport to slaughter—a review. Poult Sci. 2024;103(5):103419. 685 
https://doi.org/10.1016/j.psj.2023.103419 686 
33. Dutra FM, Garcia RG, Binotto E, Burbarelli MFdC. What do we know about 687 
the impacts of poultry catching? World's Poult Sci J. 2021;77(4):983–99. 688 
https://doi.org/10.1080/00439339.2021.1976056 689 
34. Langkabel N, Baumann MP, Feiler A, Sanguankiat A, Fries R. Influence of two 690 
catching methods on the occurrence of lesions in broilers. Poult Sci. 2015;94(8):1735–691 
41. https://doi.org/10.3382/ps/pev164 692 
35. Wessel J, Rauch E, Hartmannsgruber S, Erhard M, Schmidt P, Schade B, et al. 693 
A comparison of two manual catching methods of broiler considering injuries and 694 
behavior. Poult Sci. 2022;101(11):102127. https://doi.org/10.1016/j.psj.2022.102127 695 
36. Wolff I, Klein S, Rauch E, Erhard M, Mönch J, Härtle S, et al. Harvesting-696 
induced stress in broilers: comparison of a manual and a mechanical harvesting method 697 
under field conditions. Appl Anim Behav Sci. 2019;221:104877. 698 
https://doi.org/10.1016/j.applanim.2019.104877 699 
37. Chauvin C, Hillion S, Balaine L, Michel V, Peraste J, Petetin I, et al. Factors 700 
associated with mortality of broilers during transport to slaughterhouse. Animal. 701 
2011;5(2):287–93. https://doi.org/10.1017/S1751731110001916 702 
38. Zhang L, Li J, Gao T, Lin M, Wang X, Zhu X, et al. Effects of dietary 703 
supplementation with creatine monohydrate during the finishing period on growth 704 
performance, carcass traits, meat quality and muscle glycolytic potential of broilers 705 
subjected to transport stress. Animal. 2014;8(12):1955–62. 706 
https://doi.org/10.1017/S1751731114001906 707 
39. Zhang L, Wang X, Li J, Zhu X, Gao F, Zhou G. Creatine monohydrate enhances 708 
energy status and reduces glycolysis via inhibition of AMPK pathway in pectoralis 709 
major muscle of transport-stressed broilers. J Agric Food Chem. 2017;65(32):6991–9. 710 
https://doi.org/10.1021/acs.jafc.7b02740 711 
40. Wang X, Zhu X, Li Y, Liu Y, Li J, Gao F, et al. Effect of dietary creatine 712 
monohydrate supplementation on muscle lipid peroxidation and antioxidant capacity of 713 
transported broilers in summer. Poult Sci. 2015;94(11):2797–804. 714 
https://doi.org/10.3382/ps/pev255 715 
41. Tossenberger J, Rademacher M, Németh K, Halas V, Lemme A. Digestibility 716 
and metabolism of dietary guanidino acetic acid fed to broilers. Poult Sci. 717 
2016;95(9):2058–67. https://doi.org/10.3382/ps/pew083 718 
42. Zhang B, Liu N, Kang K, Zhang R, Hao M, Song P, et al. Dietary 719 
guanidineacetic acid supplementation ameliorated meat quality and regulated muscle 720 
metabolism of broilers subjected to pre-slaughter transport stress by metabolomics 721 
analysis. Poult Sci. 2022;101(4):101739. https://doi.org/10.1016/j.psj.2022.101739 722 
43. Zhang B, Liu N, He Z, Song P, Hao M, Xie Y, et al. Guanidino-acetic acid: a 723 
scarce substance in biomass that can regulate postmortem meat glycolysis of broilers 724 

ACCEPTED



45 

subjected to pre-slaughter transportation. Front Bioeng Biotechnol. 2021;8:631194. 725 
https://doi.org/10.3389/fbioe.2020.631194 726 
44. Olthof MR, Verhoef P. Effects of betaine intake on plasma homocysteine 727 
concentrations and consequences for health. Curr Drug Metab. 2005;6(1):15–22. 728 
https://doi.org/10.2174/1389200052997366 729 
45. Al-Abdullatif AA, Al-Sagan AA, Hussein EO, Saadeldin IM, Suliman GM, 730 
Azzam MM, et al. Betaine could help ameliorate transport associated water deprivation 731 
stress in broilers by reducing the expression of stress-related transcripts and modulating 732 
water channel activity. Ital J Anim Sci. 2021;20(1):14–25. 733 
https://doi.org/10.1080/1828051X.2020.1865213 734 
46. Chen R, Wen C, Gu Y, Wang C, Chen Y, Zhuang S, et al. Dietary betaine 735 
supplementation improves meat quality of transported broilers through altering muscle 736 
anaerobic glycolysis and antioxidant capacity. J Sci Food Agric. 2020;100(6):2656–63. 737 
https://doi.org/10.1002/jsfa.10296 738 
47. Iftitah D, Arisandi B, Widyani RR. Physiological Conditions of Broiler 739 
Chickens During Transportation with Vitamin Treatment and Distance Difference. J 740 
Ilmu-Ilmu Peternak. 2022;32(3):313–27. 741 
https://doi.org/10.21776/ub.jiip.2022.032.03.02 742 
48. Gursu MF, Onderci M, Gulcu F, Sahin K. Effects of vitamin C and folic acid 743 
supplementation on serum paraoxonase activity and metabolites induced by heat stress 744 
in vivo. Nutr Res. 2004;24(2):157–64. https://doi.org/10.1016/j.nutres.2003.11.008 745 
49. Zulkifli I. Effects of early age feed restriction and dietary ascorbic acid on 746 
heterophil/lymphocyte and tonic immobility reactions of transported broiler chickens. 747 
Asian-Australas J Anim Sci. 2003;16(10):1545–9. 748 
https://doi.org/10.5713/ajas.2003.1545 749 
50. Perai A, Kermanshahi H, Moghaddam HN, Zarban A. Effects of chromium and 750 
chromium+ vitamin C combination on metabolic, oxidative, and fear responses of 751 
broilers transported under summer conditions. Int J Biometeorol. 2015;59:453–62. 752 
https://doi.org/10.1007/s00484-014-0860-2 753 
51. Zhang C, Wang L, Zhao X, Chen X, Yang L, Geng Z. Dietary resveratrol 754 
supplementation prevents transport-stress-impaired meat quality of broilers through 755 
maintaining muscle energy metabolism and antioxidant status. Poult Sci. 756 
2017;96(7):2219–25. https://doi.org/10.3382/ps/pex004 757 
52. Zhang C, Geng Z, Chen K, Zhao X, Wang C. L-theanine attenuates transport 758 
stress-induced impairment of meat quality of broilers through improving muscle 759 
antioxidant status. Poult Sci. 2019;98(10):4648–55. https://doi.org/10.3382/ps/pez164 760 
53. Xu X, Zhu Y, Wei Y, Chen X, Li R, Xie J, et al. Dietary Se-enriched cardamine 761 
enshiensis supplementation alleviates transport-stress-induced body weight loss, anti-762 
oxidative capacity and meat quality impairments of broilers. Animals. 763 
2022;12(22):3193. https://doi.org/10.3390/ani12223193 764 
54. Yu M, Chathuranga NC, Oketch EO, Hong JS, Park H, Heo JM. Effect of 765 
different crate material types for transit on production, physiological characteristics, and 766 
welfare of broilers during the summer season. J Anim Sci Technol. 2024;66(6):1193–767 
202. https://doi.org/10.5187/jast.2024.e48 768 
55. Vinco LJ, Archetti IL, Giacomelli S, Lombardi G. Influence of crate height on 769 
the welfare of broilers during transport. J Vet Behav. 2016;14:28–33. 770 
https://doi.org/10.1016/j.jveb.2016.06.006 771 
56. Bozkurt Z. Effect of Crating Position During Transport on Welfare and 772 
Oxidative Stress in Laying Hens. Kocatepe Vet J. 2021;14(4):458–66. 773 
https://doi.org/10.30607/kvj.985794 774 

ACCEPTED



46 

57. Spurio RS, Soares AL, Carvalho RH, Silveira Junior V, Grespan M, Oba A, et 775 
al. Improving transport container design to reduce broiler chicken PSE (pale, soft, 776 
exudative) meat in Brazil. Anim Sci J. 2016;87(2):277–83. 777 
https://doi.org/10.1111/asj.12407 778 
58. Adam SY, Ahmed AA, Jammaa MH, Al Makhmari MR, Husien HM, Essa 779 
MOA, et al. Traditional Transportation Methods and Their Influence on Local Chicken 780 
Welfare, Behavior, and Blood Profiles: A Policy Considerations. Vet Sci. 781 
2025;12(9):798. https://doi.org/10.3390/vetsci12090798 782 
59. Szőllősi L, Csorbai A. The impact of reduced loading density on slaughter 783 
chicken transport: A Hungarian case study. Appl Stud Agribus Commer. 2025;19(1):89–784 
98. https://doi.org/10.19041/APSTRACT/2025/1/8 785 
60. Hussnain F, Mahmud A, Mehmood S, Jaspal MH. Influence of long-distance 786 
transportation under various crating densities on broiler meat quality during hot and 787 
humid weather. J Poult Sci. 2020;57(3):246–52. https://doi.org/10.2141/jpsa.0190087 788 
61. Yu M, Oketch EO, Chathuranga NC, Nawarathne SR, Hong JS, Maniraguha V, 789 
et al. Effect of crating density and weather conditions during transit on pre-slaughter 790 
losses, physiological characteristics, and meat quality in broilers. J Anim Sci Technol. 791 
2024;66(6):1170–81. https://doi.org/10.5187/jast.2023.e132 792 
62. Gou Z, Abouelezz K, Fan Q, Li L, Lin X, Wang Y, et al. Physiological effects of 793 
transport duration on stress biomarkers and meat quality of medium-growing Yellow 794 
broiler chickens. Animal. 2021;15(2):100079. 795 
https://doi.org/10.1016/j.animal.2020.100079 796 
63. Elsayed M. Effects of length of shipping distance and season of the year 797 
temperature stress on death rates and physiological condition of broilers on arrival to 798 
slaughterhouse. J Nucl Tech Appl Sci. 2014;2(4):453–63. 799 
64. Fu Y, Yin J, Zhao N, Xue G, Zhang R, Li J, et al. Effects of transport time and 800 
feeding type on weight loss, meat quality and behavior of broilers. Anim Biosci. 801 
2022;35(7):1039–47. https://doi.org/10.5713/ab.21.0381 802 
65. Dos Santos V, Dallago B, Racanicci A, Santana ÂP, Bernal F. Effects of season 803 
and distance during transport on broiler chicken meat. Poult Sci. 2017;96(12):4270–9. 804 
https://doi.org/10.3382/ps/pex282 805 
66. Yetişir R, Babaoğlu AS, Karakaya M, Ünal K, Aydın C, Ertem BB. Farklı 806 
Mesafelere Simule Ederek Taşımanın, Etlik Piliç Göğüs, Baget ve But Etlerinin Kalitesi 807 
Üzerine Etkileri. J Anim Prod. 2019;60(1):31–8. 808 
https://doi.org/10.29185/hayuretim.544968 809 
67. Chae H, Yoo Y, Jeong S, Ham J, Ahn C, Kim D, et al. Effect of Transportation 810 
Distance of Broilers on Meat Grades and PSE Incidence. Korean J Poult Sci. 811 
2009;36(1):9–14. https://doi.org/10.5536/KJPS.2009.36.1.009 812 
68. Silva JAO, Simões GS, Rossa A, Oba A, Ida EI, Shimokomaki M. Pre-slaughter 813 
transportation and shower management on broiler chicken Dead on Arrival (DOA) 814 
incidence. Semina: Ciênc Agrár. 2011;32(2):795–800. https://doi.org/10.5433/1679-815 
0359.2011v32n2p795 816 
69. Wang P, Zhao Y, Jiang N, Li K, Xing T, Chen L, et al. Effects of water-misting 817 
spray combined with forced ventilation on heat induced meat gelation in broiler after 818 
summer transport. Poult Sci. 2016;95(10):2441–8. https://doi.org/10.3382/ps/pew203 819 
70. Xing T, Li YH, Li M, Jiang NN, Xu XL, Zhou GH. Influence of transport 820 
conditions and pre-slaughter water shower spray during summer on protein 821 
characteristics and water distribution of broiler breast meat. Anim Sci J. 822 
2016;87(11):1413–20. https://doi.org/10.1111/asj.12593 823 

ACCEPTED



47 

71. Jiang N, Wang P, Xing T, Han M, Xu X. An evaluation of the effect of water-824 
misting sprays with forced ventilation on the occurrence of pale, soft, and exudative 825 
meat in transported broilers during summer: Impact of the thermal microclimate. J Anim 826 
Sci. 2016;94(5):2218–27. https://doi.org/10.2527/jas.2015-9823 827 
72. Zhang L, Huang H, Wang P, Xing T, Xu X. Water-spraying forced ventilation 828 
during holding improves the water holding capacity, impedance, and microstructure of 829 
breast meat from summer-transported broiler chickens. Poult Sci. 2020;99(3):1744–9. 830 
https://doi.org/10.1016/j.psj.2019.10.077 831 
73. Lee J, Yu M, Park H, Heo JM. Effects of stocking densities and illuminance 832 
levels on skin conditions of broilers in summer. Korean J Poult Sci. 2024;51(4):275–9. 833 
https://doi.org/10.5536/KJPS.2024.51.4.275 834 
74. Vieira FMC, Silva IJO, Barbosa Filho JAD, Vieira AMC. Productive losses on 835 
broiler pre-slaughter operations: effects of the distance from farms to abattoirs and of 836 
lairage time in a climatized holding area. R Bras Zootec. 2010;39:2471–6. 837 
https://doi.org/10.1590/S1516-35982010001100021 838 
75. Vieira FMC, Silva IJO, Barbosa Filho JAD, Vieira AMC, Rodrigues-839 
Sarnighausen VC, Garcia DdB. Thermal stress related with mortality rates on broilers' 840 
pre-slaughter operations: a lairage time effect study. Cienc Rural. 2011;41:1639–44. 841 
https://doi.org/10.1590/S0103-84782011005000111 842 
76. Burkholder K, Thompson K, Einstein M, Applegate T, Patterson J. Influence of 843 
stressors on normal intestinal microbiota, intestinal morphology, and susceptibility to 844 
Salmonella enteritidis colonization in broilers. Poult Sci. 2008;87(9):1734–41. 845 
https://doi.org/10.3382/ps.2008-00107 846 
77. Oba A, Almeida Md, Pinheiro JW, Ida EI, Marchi DF, Soares AL, et al. The 847 
effect of management of transport and lairage conditions on broiler chicken breast meat 848 
quality and DOA (Death on Arrival). Braz Arch Biol Technol. 2009;52:205–11. 849 
https://doi.org/10.1590/S1516-89132009000700026 850 
78. Morgan RB, Sierra Arguello YM, Perdoncini G, Borges KA, Furian TQ, Gomes 851 
MJ, et al. Comparison of transport crates contamination with Campylobacter spp. before 852 
and after the cleaning and disinfection procedure in broiler slaughterhouses. Poult Sci. 853 
2022;101(7):101909. https://doi.org/10.1016/j.psj.2022.101909 854 
79. Abidin Z, Idris F, Ramiah S, Awad E, Zakaria Z, Idrus Z. The effects of feed 855 
withdrawal, transport and lairage on intestinal microflora in broiler chickens. Egypt J 856 
Anim Health Prod. 2023;11(1):68–72. 857 
https://doi.org/10.17582/journal.jahp/2023/11.1.68.72 858 
80. Kittelsen KE, Granquist EG, Aunsmo AL, Moe RO, Tolo E. An evaluation of 859 
two different broiler catching methods. Animals. 2018;8(8):141–9. 860 
https://doi.org/10.3390/ani8080141 861 
81. Mönch J, Rauch E, Hartmannsgruber S, Erhard M, Wolff I, Schmidt P, et al. 862 
The welfare impacts of mechanical and manual broiler catching and of circumstances at 863 
loading under field conditions. Poult Sci. 2020;99(11):5233–51. 864 
https://doi.org/10.1016/j.psj.2020.08.030 865 
82. Delanglez F, Watteyn A, Ampe B, Segers V, Garmyn A, Delezie E, et al. 866 
Comparing methods for catching and crating broiler chicken flocks: A trade-off between 867 
animal welfare, ergonomics and economics. Poult Sci. 2025;104(2):104704. 868 
https://doi.org/10.1016/j.psj.2024.104704 869 
83. Werner A, Blaeske A, Rauch E, Erhard M, Unterholzner J, Schmidt P, et al. 870 
Behavior of broilers and impacts occurring to them during mechanical loading under 871 
field conditions. Poult Sci. 2023;102(7):102688. 872 
https://doi.org/10.1016/j.psj.2023.102688 873 

ACCEPTED



48 

84. De Lima VA, Ceballos MC, Gregory NG, Da Costa MJP. Effect of different 874 
catching practices during manual upright handling on broiler welfare and behavior. 875 
Poult Sci. 2019;98(10):4282–9. https://doi.org/10.3382/ps/pez284 876 
85. Çobanbaşı Y, Teke B. The Effect of Different Transport Distances and Season 877 
on Meat Quality Characteristics of Broiler Chicken in Commercial Slaughter 878 
Conditions. Kocatepe Vet J. 2022;15(3):239–50. https://doi.org/10.30607/kvj.1058965 879 
86. Avcilar Ö. The Effect of Different Transportation Distances and the Application 880 
of Electrical Stimulation on Meat Quality in Broilers. Braz J Poult Sci. 881 
2024;26(1):eRBCA-2023-1890. https://doi.org/10.1590/1806-9061-2023-1890 882 
87. Arikan M, Akin A, Akcay A, Aral Y, Sariozkan S, Cevrimli M, et al. Effects of 883 
transportation distance, slaughter age, and seasonal factors on total losses in broiler 884 
chickens. Braz J Poult Sci. 2017;19:421–8. https://doi.org/10.1590/1806-9061-2016-885 
0429 886 
88. Justova E, Vecerek V, Semerad Z, Vucinic M, Valkova L, Voslarova E. The 887 
synergistic effect of transport distance and season on poultry mortality during transport 888 
to slaughterhouses. Poult Sci. 2025;104:105447. 889 
https://doi.org/10.1016/j.psj.2025.105447 890 
89. Sara U, Rahardja D, Sonjaya H, Azhar M. Changes in physiological condition 891 
of broiler chickens sprayed with water before transportation. J Ilmu Ternak dan Vet. 892 
2022;27(2):93–9. https://doi.org/10.14334/jitv.v27i2.2996 893 
90. Pinheiro DG, Barbosa Filho JAD, Machado NAF. Effect of wetting method on 894 
the broiler transport in Brazilian Northeast. J Anim Behav Biometeorol. 2020;8(3):168–895 
73. https://doi.org/10.31893/jabb.20022 896 
91. Jiang N, Xing T, Wang P, Xie C, Xu X. Effects of water-misting sprays with 897 
forced ventilation after transport during summer on meat quality, stress parameters, 898 
glycolytic potential and microstructures of muscle in broilers. Asian-Australas J Anim 899 
Sci. 2015;28(12):1767–73. https://doi.org/10.5713/ajas.15.0152 900 
92. Rodrigues D, Café M, Jardim R, Oliveira E, Trentin T, Martins D, et al. 901 
Metabolism of broilers subjected to different lairage times at the abattoir and its 902 
relationship with broiler meat quality. Arq Bras Med Vet Zootec. 2017;69:733–41. 903 
https://doi.org/10.1590/1678-4162-9268 904 
93. Vieira FMC, Deniz M, da Silva IJO, Barbosa Filho JAD, Vieira AMC, 905 
Gonçalves FS. Pre-slaughter losses of broilers: effect of time period of the day and 906 
lairage time in a subtropical climate. Semin Cienc Agrar. 2015;36(6):3887–96. 907 
https://doi.org/10.5433/1679-0359.2015v36n6p3887 908 
94. Cockram MS, Dulal KJ, Mohamed RA, Revie CW. Risk factors for bruising 909 
and mortality of broilers during manual handling, module loading, transport, and 910 
lairage. Can J Anim Sci. 2018;99(1):50–65. https://doi.org/10.1139/cjas-2018-0032 911 
95. Siska W, Latif H, Purnawarman T. The evaluation of animal welfare indicators 912 
based on transport duration and lighting differences in the slaughter of broiler chickens. 913 
Open Vet J. 2025;15(5):1990–7. https://doi.org/10.5455/OVJ.2025.v15.i5.13 914 
 915 

ACCEPTED




