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Preface  
The aim of The Science of Poultry and Meat Processing book is to provide students 
and industry personnel with a comprehensive view of the modernized primary poultry 
meat industry and further processing of both red meat and poultry. An emphasis is 
placed on basic concepts as well as recent advancements such as automation (e.g. 
increasing poultry line speed from 3,000 to 13,000 birds per hour over the last 40 
years) and food safety (e.g. HACCP in primary and the further processing areas). The 
book also includes chapters explaining basic muscle biology, protein gelation, heat 
and mass transfer, microbiology, as well as meat colour and texture to help the reader 
understand the underlying scientific concepts of meat processing. The Science of 
Poultry and Meat Processing book is based on over two decades of university teaching 
experiences, and is designed to be used as a course textbook by students, as well as a 
resource for professionals working in the food industry. The book is available online, 
at no cost, to any interested learner. Using this format has also allowed me to include 
many colour pictures, illustrations and graphs to help the reader.
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Dr. A. Maurer, who was the student of Dr. R. Baker - the father of poultry processing 
in North America. I would also like to thank Dr. H. Swatland with whom I worked for 
almost 20 years, for the many challenging scientific discussions.

Writing The Science of Poultry and Meat Processing book was a long process, which 
also included having all chapters peer reviewed. I appreciate the help of my colleagues, 
but I still take responsibility for any inaccuracy in the book. If you have comments or 
suggestions, I would appreciate hearing from you (sbarbut@uoguelph.ca), as I am 
planning to revise and update a few chapters on a yearly basis. 

I would like to thank the many people who have helped me during the writing process. 
To Deb Drake who entered all of the material for the book, to Mary Anne Smith who 
assisted in editing, and to ArtWorks Media for the design and desktop publishing 
of the book. I greatly appreciate the help of my colleagues who reviewed chapters 
and provided useful discussions. They include Mark B., Ori B., Sarge B., Gregoy 
B., Joseph C., Mike D., Hans G., Theo H., Melvin H., Myra H., Walter K., Roland 
K., Anneke L., Massimo M., Johan M., Erik P., Robert R., Uwe T., Rachel T., Jos 
V., Keith W., and Richard Z. I would also like to thank my family for their love and 
support during the entire process.
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LIVE BIRD HANDLING

4.1 Introduction

Compared to the total growing period, transporting live birds from the farm to 
the processing plant is a relatively short operation. To move them, however, the 
industry is faced with several challenges as birds have to be gathered, loaded, 
transported, and unloaded in new unfamiliar environments to the birds. Some 
of the challenges include harvesting the birds, feed withdrawal, and temperature 
variations during transport. If poorly controlled, these factors can result in 
downgrading and decreased meat quality. The following chapter describes current 
methods for catching and transporting birds to the plant, and has an emphasis 
on procedures involving mechanization and automation steps (Fig. 4.1.1) that 
increase efficiency, reduce human contact, and lower stress on the birds. A 
discussion on manual versus mechanical catching and loading is provided, as 
well as ways to monitor and reduce stress during transportation (e.g., minimize 
elevated temperature and relative humidity levels in a covered truck, cold stress).  
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Figure 4.1.1  A mechanical loader that can be used in the barn to gently move birds to crates. 
See text for more discussion.  Courtesy of CMC. 

 

 
 
 
Figure 4.4.1  A crate for transporting poultry.  From:  

http://agriculturalsupply.co/index.php?main_page=product_info&products_id=1521  

 
 
 
Figure 4.4.2  Schematic drawing of a mechanical loader used for placing poultry on a fixed 

cage truck.  
 

Figure 4.1.1  A mechanical loader that can be used in the barn to gently move birds to crates.
See text for more discussion.  Courtesy of CMC.
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4.2 Harvesting – General

Gathering and moving a large number of birds from the growing farm to the 
processing plant can be a challenge in terms of logistics, animal welfare, and 
scheduling. Modern barns commonly house 20,000 to 30,000 broilers, depending 
on the size of the bird and the stocking density. Commercial barns are often 25 m 
wide × 250 m long. In the case of turkeys, a barn usually holds 5,000 to 15,000 
birds, again depending on factors such as their size (larger toms are usually grown 
separately from the smaller hens), temperature conditions. Most meat type birds 
are raised on litter made out of wood shavings or other plant materials, which 
can affect the method and equipment that can be used to gather the birds inside 
the barn. Broilers are usually marketed at 6 to 8 weeks of age at a live weight of 
approximately 2.0 to 4.5 kg and turkeys are marketed between 13 to 23 weeks at 
a live weight of 5.0 to 20.0 kg (see Chapter 2). In both cases the larger birds are 
usually used for cut up and/or further processing while the smaller birds are sold 
whole and/or to food service operations.

Prior to catching and loading, the barn is prepared by raising the watering and 
feeding devices that are commonly suspended from the ceiling. This provides an 
area free of obstacles for the catching crew or the mechanical harvesting tractor. 
The feed withdrawal procedure is very important as it has a big influence on the 
quality and weight of the birds received at the plant (e.g., too much feed in the 
digestive system will result in contamination of the birds during processing, while 
a long time off feed will result in a weaker intestine and more rupturing during the 
evisceration process). Usually feed withdrawals of 8-12 hrs for broilers and 6-10 
hrs for turkeys are recommended, as will be discussed in more detail later in the 
chapter.

Another factor that can improve loading is dim lighting. Therefore, birds are 
loaded at night or when the barn’s lights are turned down. This helps calm the 
birds and also results in less feed consumption.

4.3 Manual Harvesting 
 
Most poultry around the world are caught and loaded into cages or modules by 
hand. Kettlewell et al. (2000) suggested that the “ideal” way to pick up birds with 
respect to animal welfare is by the sides, but this method is not commercially 
feasible due to the high catching rate required. Instead, broilers are picked up by 
the legs in order to achieve a reasonable catching rate from the litter floor. Recent 
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welfare guidelines include a description of how birds should be caught and loaded 
(National Chicken Council, 2005; National Turkey Federation, 2004). The Royal 
Society for the Prevention of Cruelty to Animals (1999) stated “Chickens should 
be caught individually by grasping both legs, just above the feet”. The guidelines 
also indicate that, if birds are carried in groups, care must be taken to ensure they 
can be held comfortably without distress or injury, and the carrying distance must 
be kept to a minimum. In large barns, a loading crew of 7 to 10 people catch and 
crate the birds at a rate of 7,000 to 10,000 per hour. In theory, it is possible to 
catch and crate the birds by hand with virtually no damage to the birds. However, 
Kettlewell and Mitchell (1994) and others have described that this job is physically 
demanding, which makes it difficult to maintain the attitude and concentration 
required to carefully pick up birds throughout an 8-hour shift. Assuming a catcher 
is expected to catch at least 1,000 broilers/hr and each bird weighs approximately 
2 kg, during an average 8-hour shift an employee may lift 6 to 16 metric tonnes 
of broilers. Management sometimes has to deal with absenteeism, low morale, 
and employee turnover. It is the management’s responsibility to train and motivate 
employees to ensure proper bird handling. A significant amount of damage can be 
inflicted on the birds if the job is not done correctly and the workers’ motivation is 
simply to complete the job in the shortest possible time. Common types of trauma 
in broilers associated with lifting birds by one leg and potentially rough handling 
are dislocated femur (particularly in case of heavy birds), dislocated wing joints,  
and fractured/broken bones (Gregory and Austin, 1992)  

There are different approaches to employing a catching crew ranging from 
employing a permanent crew to hiring people off the street for a single assignment. 
The former provides more training and incentives to do the job right, which usually 
compensates for the extra salary required. An early report suggested that leg, wing, 
or breast bruising may occur on as many as 25% of the broilers processed in the 
US and as many as 20% of some flocks in the UK (Lacy and Czarick, 1998). 
In order to keep injuries to a minimum, clear guidelines should be established 
and enforced by farmers, catching supervisors, and processors. Overall, it can be 
difficult to assess all but gross injuries during loading, as the operation precludes 
easy inspection of the birds at the farm after they have been loaded. It is possible 
to ascribe retrospectively any injury or downgrading which may have occurred 
at the farm, but this is usually detected during unloading and after plucking rather 
than at the farm (Kettlewell et al., 2000; Barbut et al., 1990). Colour of the bruise is 
often used as a general/fast indication of the bruising time, but it is not always very 
accurate measure, so whenever possible histology should follow.  
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4.4 Crates and Containers

The industry uses three major types of containers to transport poultry to the plant: 
a) loose crates (plastic, wood, metal), b) fixed crates on a truck (usually metal), and 
c) large modular containers (plastic and/or metal) that are brought into the barn.  

a.  Loose crates are the oldest type of transport container. They were initially made 
out of wood and later from metal wire. They are still common today, but are often 
made of plastic and they come in varying sizes (Fig. 4.4.1). A small size crate (e.g., 
80 × 60 × 30 cm) can hold about 12-15 broilers. Loose crates are easy to handle 
and can either be taken into the barn during loading or birds can be carried out of 
the barn during manual loading. In other scenarios, crates can be placed on a palette 
and moved by a tractor. Birds are placed into the crates through an opening at the 
top. The opening can be of different sizes, but if it is too small there is a chance 
for physical injury, especially to the wings (Kettlewell et al., 2000). Overall, the 
crate system offers a flexible, low equipment cost approach to manual loading and 
transportation of birds to the processing plant, but manual labour required is higher 
than in the other systems. A further discussion on the importance of ventilation 
during transport and the possible development of micro environments (e.g., hot 
zones) on the truck is found later in the chapter. 
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Figure 4.1.1  A mechanical loader that can be used in the barn to gently move birds to crates. 
See text for more discussion.  Courtesy of CMC. 

 

 
 
 
Figure 4.4.1  A crate for transporting poultry.  From:  

http://agriculturalsupply.co/index.php?main_page=product_info&products_id=1521  

 
 
 
Figure 4.4.2  Schematic drawing of a mechanical loader used for placing poultry on a fixed 

cage truck.  
 

Figure 4.4.1  A crate for transporting poultry. From:
http://agriculturalsupply.co/index.php?main_page=product_info&products_id=1521 

 

Unloading the crates at the plant can be done manually or by a conveyor system, 
which moves them to the shackling line where birds are removed from the crates. 
Care should be exercised as to not hurt the birds and damage their wings, etc. 
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b.  Fixed crates are built into a truck and are an integral part of the trailer. In that 
case the birds have to be brought to the truck either manually or with a loader (Fig. 
4.4.2). The crates on the truck are usually arranged in two banks; each covers half 
of the truck’s width. The number of crates depends on the size of the birds (e.g., 
chickens, turkeys). A common crate arrangement for broilers is eight layers of 12 
crates each, or 96 crates total. The loading is done from each side of the trailer and 
requires that the birds be carried or walked from the barn and then either loaded 
directly or passed to another person positioned on the truck to allow filling of the 
upper level crates. In the case of turkeys, a conveyor system (loader), is commonly 
used to move the heavy birds to different crates by moving and elevating the end 
of the belt. Turkeys can usually walk on the conveyor belt (Fig. 4.4.2 shows a 
system for turkeys) while broilers tend to sit. According to the manufacturer, the 
system can handle 1,000-2,000 heavy turkeys per hour. It should be noted that the 
system is also used to move pullets from the growing farm to the egg laying farm. 
Relative to moving hens, Kettlewell et al. (2000) observed that there was a much 
lower level of injury moving pullets. This is in part due to the higher tolerance of 
pullets to handling and transporting as compared to laying hens, which are more 
prone to osteoporosis. In any case, care should always be taken to reduce injury 
and equipment should be kept in good shape (e.g., no place for wing catching, no 
sharp corners). At the processing plant trucks are unloaded close to the shackle line 
with the help of hydraulic platforms that assist the unloading crew in reaching the 
birds at the different levels.Fig 4.4.2 

 

 

Fig 4.7.3 

 

 

 

 

Figure 4.4.2  Schematic drawing of a mechanical loader used for placing poultry on a fixed cage truck.
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c.  The large, movable, modular drawer/crate system is the most mechanized 
system on the market today. It relies on large containers that require mechanical 
handling both off and on the truck (Fig. 4.4.3). This system represents a 
fundamental change from the small and fixed crate systems, where mechanization 
and improved welfare are taken into consideration. There are two basic modules: 
loose drawer and tipping. The loose drawer module has a number of plastic 
drawers positioned within a metal framework. The number of drawers depends 
on the size of the birds (e.g., a typical size for broilers is 1.2 m wide, 2.4 m long, 
and 0.3 m high). This is designed for a capacity of about 25 birds, each weighing 2 
kg. The stocking density can be adjusted to accommodate weather conditions and 
bird weight. The crates are moved by a forklift into the barn and positioned where 
needed. A manual collection rate of 1,000-1,500 birds per man hour is expected. 
A large opening at the top helps to minimize injury and stress to the birds during 
both loading and unloading. At the processing plant the modules are unloaded 
onto a conveyor belt that transfers them close to the shackling line where the birds 
are removed by hand or the modules are tipped and the birds slide out (see Chapter 
8 for an illustration of a tipping system coupled with a controlled atmosphere 
stunning system). In the tipping type the module is tilted and birds are transferred 
onto a moving conveyor belt so that the birds can easily come out of the crate 
(Kettlewell et al., 2000).  
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Figure 4.4.3  A module crate system used to transport birds from the farm.  Note the large 

opening for loading.  When a tier has been loaded, the overhead half-floor is 
pulled forward.  Courtesy of Stork Corp.  

 

 
 
 
Figure 4.5.1  A complete system for loading and putting the birds into crates.  The tractor has 

a conveyer belt that moves and counts the birds, so crates can be filled 
automatically.  Courtesy CMC, Italy. 

Figure 4.4.3  A module crate system used to transport birds from the farm.  Note the large
opening for loading.  When a tier has been loaded, the overhead half-floor is pulled forward.

Courtesy of Stork Corp.
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Many factors affect final product quality of the meat. Bruising and injury during 
harvesting and transportation are very important and should be avoided as much as 
possible as they cause unnecessary and costly trimmings and downgrading. For a 
fixed crate system, Barbut et al. (1990) demonstrated that a well maintained truck, 
with wire doors, resulted in significantly lower downgrading than an older, poorly 
maintained truck with board doors. The latter resulted in higher incidences of half 
wing trim, bruised drums, and breast scratches (Table 4.4.1). 

Table 4.4.1  Effect of truck type on the percentage of turkey downgrading.  See text for further 
explanation.  From Barbut et al. (1990).

Cause of downgrading

Type of truck
Wire cage Board Significance 

of differenceMin. Max. Ave1 Min. Max. Ave1

--------------------------- (%) --------------------------
Wing trim 1 16 7.27 0 22 7.40 NS
Half-wing trim 4 18 10.03 3 23 12.26 P < 0.05
Bruised drumstick 0 19 1.83 0 7 2.44 P < 0.05
Breast scratches 0 2 .10 0 3 .22 P < 0.05
Drum thigh trims 0 1 .07 0 1 .04 NS
Back scratches 0 10 1.33 0 11 1.48 NS
1 Values are the average of birds from 28 trucks; 100 turkeys per truck.

The wire door-type cages (130 cages on the truck; 1.12 × 1.20 × 0.43 m per cage) 
were well maintained (e.g., no sharp objects, broken wires) and the doors completely 
blocked the opening (i.e., closed right to the floor of the cage). In the board door-
type cages (140 cages on the truck; 0.95 × 1.02 × 0.33 m per cage), maintenance 
was not as good and incidences of trapped wings were observed (corrected after 
the release of the study’s results). In order to separate the damages resulting from 
bruising on the farm versus bruising on the truck, the authors used histology to 
study bruised tissues. Samples were obtained after the birds had been scalded (i.e., 
skin exposed to 52-55°C) as they entered the inspection/trimming station. Thin 
samples (5μm) were stained with hematoxylin and eosin and the presence and 
number of macrophages, pigment, cells, and debris within macrophages were 
used to determine the age of bruises/scratches. Very fresh bruises/injuries from the 
unloading step contained no macrophages. Loading and transportation-damaged 
tissue contained few macrophages. Farm-damaged tissue contained a small to 
moderate number of macrophages, many of which had engulfed pigment, cells, 
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and debris. The histology study was useful in developing a set of photographs to 
train employees to record injury history data on the processing line. Generally, 
bruises that were bright or dark red with a good demarcation line were less than 19 
hr old, which indicated a fresh injury.

4.5 Mechanical Harvesting

As already indicated, live bird harvesting is one of the least mechanized processes 
in the broiler production chain. However, this is gradually changing as more 
automation is introduced.  Over the past 40 years, a number of systems have 
been developed, of which some totally failed while others slowly progressed to 
commercial systems.  

A description of several of the systems that were not commercialized (moving 
mats and vacuums) is provided below as these systems can be used to learn a 
lot about the overall process. This is followed by a description of two systems 
currently used by the industry.

a.  A built-in conveyor belt was developed in Georgia in the early 1970s. It 
consisted of a mechanized growing, harvesting, and transporting system. A 
permanent, recessed conveyor belt was built into the barn’s concrete floor. During 
catching, the birds were mechanically herded onto the recessed belt using large 
paddles that rolled on metal tracks. The herding device was also equipped with 
lights and horns to help move the birds. The conveyor belt carried the birds out of 
the barn to a short, inclined conveyor that lifted them into a transport truck. Overall, 
the system was too complex and was never adopted in commercial practice.

b.  A collecting mat system was developed in Europe to remove the birds from 
the barn. Mats were laid down in sections of the barn’s floor a few hours prior to 
catching. Later, the mats and the birds on top of them were pulled from the barn 
one at a time and the birds dropped into stackable crates. The system required a lot 
of manual labour for placing the mats and was not developed further. In addition, 
the process was most likely impractical due to differences in barn design around 
the world (e.g., length, width, slope of the barn’s floor).

c.  A large foam rubber paddle loader with a self-propelled harvester was 
developed in Northern Ireland in 1980. The system caught the birds with large 
foam rubber paddles that rotated down on top of the birds and pushed them onto 
a conveyor belt that carried the birds to a loading platform and deposited them 
into modules. The modules were made up of a series of layered compartments 
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that were carried on the back of the machine (i.e., this last part is similar to one of 
the currently used systems). The loading platform was equipped with a weighing 
device that indicated when a crate was full (also used today in some systems). The 
whole assembly was mounted on a powered vehicle, which manoeuvred inside 
the barn through almost any type of litter. Overall, the equipment proved to be too 
slow, unreliable, and costly to maintain (Kettlewell and Turner, 1985).
 
d.  A pneumatic vacuum system (i.e., can be described as a large vacuum cleaner) 
was developed around 1980 where birds were suspended in air as they passed 
through a tubing system (the feathers helped to prevent or reduce bruising). The 
birds were caught by hand, placed in a funnel-like aperture, and pulled through 
tubing by suction into cages positioned on the truck. The operator directed the 
stream of birds into the cages. According to Kettlewell and Turner (1985), the 
system did not work well and problems were encountered when birds were placed 
in the funnel too quickly, which resulted in malfunction and unacceptable injuries 
to the birds.

e.  A second generation vacuum-based system was developed by a Dutch 
company. The self-propelled machine had a pick-up head about 2.5 m wide that 
could swing back and forth thereby extending the catching area to 5-6 m. Broilers 
that came in contact with the pick-up head were exposed to gentle suction that 
lifted them onto a conveyor belt and transferred them to a cage-filling device.

f.  A tined fork system was developed to herd birds to one corner of the barn and 
then scoop them off the floor with a large tined fork. The fork was attached to a 
small, front-end loader that could lift about 100 broilers at a time. Although the 
pick-up mechanism was reported to be effective, the procedures for transferring 
broilers to crates were less than satisfactory and the system did not receive wide 
acceptance.
 
Today there are two main mechanical catching systems used by the industry. They 
include loaders that move towards the birds and either a) place them on a moving 
belt, or b) gather the birds with long rubber fingers while directing them onto a 
conveyor belt . 

a.  The moving belt system was introduced at the beginning of the chapter (Fig. 
4.1.1) and can be seen in more details in Figure 4.5.1. Overall, a tractor equipped 
with the loading device is driven into the barn and birds are moved to one area. 
The bottom part of the device is slowly moved towards the birds and as they step 
on it a belt carries them towards the centre where a second inclined belt picks them 
up and moves them toward the crate system. The equipment is fitted with a scale 
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system and/or a bird counter so each crate is filled with a predetermined weight/
number of birds. Once the module is full, it is automatically moved to the back and 
another module is filled. The manufacturer indicates that about 10,000 birds per 
hour can be loaded with this system. It is currently more popular in Europe than in 
North/South America, but this will likely change over the next few years. 
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Figure 4.5.2  A mechanical harvesting system using long rubber fingers.  Courtesy of Anglia 
Autoflow, UK. 

 

 
 
 
 
Figure 4.7.1  Dry bulb temperature and relative humidity combinations yielding an Apparent 

Equivalent Temperature (AET) of 640C, the recommended acceptable upper limit 
for the thermal load in the core of a commercial poultry transporter.  Redrawn 
from Mitchell and Kettlewell (1998).  With permission.   

Figure 4.5.1  A complete system for loading and putting the birds into crates.  The tractor has a conveyer 
belt that moves and counts the birds, so crates can be filled automatically.  Courtesy CMC, Italy.

b.  The rubber finger gathering system consists of a few soft, long, counter-
rotating rubber-fingered cylinders that direct birds onto a conveyor belt (Fig. 4.5.2). 
The long rubber fingers are soft to prevent injury but they are also stiff enough that 
the birds cannot escape or flap their wings (Ramasamy et al., 2004). Once captured, 
birds are lifted onto an inclined telescoping conveyor belt (maximum scanning 
range of 24 m) that carries them to a caging system designed to fill standard dump 
type cages at the back of the machine. Some of the critical operating factors are 
drum spacing, rotation speed, and the speed at which the machine approaches the 
birds.  The machine is designed to handle 8,000 to 12,000 broilers per hour with 
a crew of four people. As with other catching procedures, the operation is done at 
night or when the barn lights are very dim in order to prevent too much movement 
and/or excitement of the birds. 
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from Mitchell and Kettlewell (1998).  With permission.   

Figure 4.5.2  A mechanical harvesting system using long rubber fingers. 
Courtesy of Anglia Autoflow, UK.

The main benefits of using mechanical harvesters include improved working 
conditions for the catching crew, reduced labour costs, and reduced stress and 
injury to the birds. In the past few years, animal welfare and employee health and 
safety issues have received much more attention and therefore advancements in 
mechanical harvesters are closely watched by the poultry industry. Fifteen years 
ago there were only a handful of mechanical harvesters operating in the UK, 
each capable of harvesting 35,000 birds per day (Kettlewell et al., 2000), and few 
operating in the USA and Australia. Today, however, some industry estimates 
suggest 20% mechanical loading of broilers in Europe and 5% in North America. 
For turkeys the percent of mechanical loading increases to 80% in Europe and the 
US. In Saudi Arabia some estimates are as high as 100% mechanical catching. 
Overall, it is expected that the use of mechanical loaders will increase as more 
companies are interested in automating the process.
 
While there are a few older reports in the scientific literature that compare manual 
and mechanical loading, most available data is from equipment manufacturers 
(Ramasamy et al., 2004). Lacy and Czarick (1998) compared the bruising rate 
of manual versus mechanical harvesting and reported that leg bruising was 
reduced by more than 50% and there were also reductions in back and breast 
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bruising when mechanical harvesting was used (rubber fingered rotor machine; 
see Table 4.5.1). However, a slight, non-significant increase in wing bruising was 
also observed. Theoretically, a manual catching crew can load the birds with no 
injuries but in real life stress to the birds and to the people trying to catch them as 
well as  time constraints usually result in a less than optimal situation. Duncan 
(1989) indicated that stress could be reduced and welfare improved by a properly 
designed mechanized harvester. They compared the physiological parameters of 
birds harvested manually to those harvested by a prototype of a rotating rubber 
finger harvester developed at the Silsoe Research Institute, UK. The researchers 
showed that the time required to return to normal heart rate and duration of tonic 
immobility were significantly lower in birds caught by the mechanical harvester. 
The study, however, did not examine the subsequent placing of birds into transport 
crates as such equipment was not available at the time. Duncan (1989) suggested 
that manual handling, whether gentle or rough, is a cause of stress since birds are 
not used to contact with people. Others have also indicated that direct contact 
with humans, especially if infrequent, is a physiological stressor to the birds. The 
basic method used by a mechanical harvester reduces the direct contact between 
humans and birds.

Table 4.5.1  Mean percentage and standard deviation of carcass bruising observed on hand harvested
and a mechanically harvested (rubber finger type) broiler following processing1.

From Lacy and Czarick (1998).
 

Harvesting 
Method

Bruising
Back Breast Leg/Hock Wing

---------------------------------------- (%) ----------------------------------------
Hand 
harvested

3.5 
(2.5)

1.0
(2.0)

16.5a

(5.9)
10.5
(3.4)

Mechanically 
harvested

2.0 
(2.0)

1.5
(1.0)

7.0b

(3.3)
11.5
(3.0)

1 Four samples of 50 birds each were graded by processing plant personnel for the two 
catching methods.
a,b Means within a column with different superscripts differ significantly (P ≤ 0.05).

There are not many non-commercial cost comparisons between manual and 
mechanical harvesting operations. Therefore, an older scientific paper that 
compared the two approaches is used here. Lacy and Czarick (1998) estimated 
labour costs for a typical nine person manual catching crew at $215,000/yr. 
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Comparatively, the labour costs for a three to four person crew required to operate 
a mechanical harvester were estimated at $72,000/yr, which represented a cost 
savings of $143,000/yr. Assuming a cost of $175,000 for a mechanical harvester, 
the reduction in labour cost alone would pay for a harvester in less than 15 months. 
According to the authors, this payback estimate does not include the additional 
cost savings associated with reduced bruising to birds, reduced workmen’s 
compensation claims, and reduced workers’ health care costs.  
  

4.6 Feed Withdrawal

The length of feed withdrawal can have significant effects on bird quality 
during processing, yield (also called live shrink), and contamination problems 
at the processing plant.  Overall, the watering devices and feeders are removed/
raised prior to loading to allow birds time to empty the food in their intestines. 
It is important that the intestines be fairly empty during processing to reduce 
the chance of faecal contamination (i.e., when the intestines are full there is a 
higher chance of rupture when using automated evisceration equipment as well 
as during manual evisceration (see also Chapter 5)). Usually, the recommended 
time for feed withdrawal is 8-12 hrs for broilers and 6-10 for turkeys (Buhr et 
al., 1998; Duke et al., 1997; Zuidhof et al., 2004). However, it should be noted 
that different companies use different withdrawal times, depending on factors 
such as the distance between the farms and processing plant, weather conditions, 
and history of contamination at the processing plant (e.g., variation from 6 to 14 
hrs can be seen in the industry). Note that feed withdrawal time refers to the total 
time birds are off feed. This includes time on the farm, on the truck, and in the 
holding area at the plant (Zuidhof et al., 2004).  The relative time of each phase is 
also important when considering the emptying rate of the intestine. For example, 
Summers and Leeson (1979) reported that it took more time for broilers to empty 
their intestinal contents when kept in cages as compared to broilers left on the 
floor with access to water. This was assumed to be the result of lower activity and 
higher stress levels.  Similarly, birds kept in the dark are slower at emptying their 
intestinal contents. Buhr et al. (1998) reported that broilers exposed to light and 
water empty 60-70% of their gut content after 6 hrs, 80% after 12 hrs, and 100% 
after 18 hrs. Several companies recommend removing feed, but not water, 3-4 
hrs prior to loading. If the birds are off feed for only 4-6 hrs prior to processing, 
the chances of intestinal content leaking onto the carcass during a process such as 
electrical stunning/stimulation (i.e., causing muscle contraction) are higher. On the 
other hand, too much time off feed (e.g., 14 hrs) is not recommended as this can 
result in a weakening of the intestine’s strength. Bilgili and Hess (1997) reported 
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that the tensile strength of the small intestine decreased by 20% when time off 
feed increased from 6 to 18 hrs. They also reported a sex difference (female 
broiler intestinal strength was 15% lower than male broilers) and a seasonal effect 
(strength was 15% higher in winter). Overall, when feed withdrawal is too long, 
the microstructure of the intestines changes (e.g., villi become longer, mucus layer 
decreases), the gallbladder becomes longer, and the chances for bile contamination 
of the liver and the carcass increase.

The amount of time off feed also affects the yield/live shrink weight of the 
processed birds. Various studies have looked at live shrink and reported values 
ranging between 0.2 to 0.5% per hour, depending on bird size, age, climate, feed 
used, etc. Petracci et al. (2001) reported values ranging from 0.27 to 0.48%, while 
Buhr et al. (1998) reported 0.25 to 0.35% per hour for broilers during the first 6 
hours off feed. Duke et al. (1997) indicated values of 0.2 to 0.4% for turkeys (note: 
heavier birds lose more weight per hour which translates to higher profit losses).

4.7 Transportation
 
Transporting the birds on a truck to the processing plant is a significant part of the 
whole operation. As birds are exposed to new conditions (e.g., climate, vibrations, 
social order, feed restriction) special care should be taken to minimize potential 
damage. Minimizing stress during transport is an important issue from both an 
animal welfare and meat quality perspective. Considering the large number of birds 
grown and transported to processing plants (e.g., over 4 billion broiler chickens in 
Europe) this is a major issue. Poultry raised on large farms, scattered around the 
country, are transported to processing plants 1-5 hrs away (some reports indicate 
< 2 hrs is ideal). As previously indicated, feed withdrawal and harvesting the birds 
results in physiological stress. Additionally, the combined effect of transportation 
stresses (e.g., thermal, acceleration, noise, social disruption) may range from mild 
discomfort for the bird to significant discomfort and death. Bayliss and Hinton 
(1990) reported that up about 40% of deaths of birds arriving to the plant (usually 
ranges from 0.0 to 0.2% of birds on the truck) in England are attributable to 
transport stress. Furthermore, they noted that mortality increases with journey 
length. The authors have also mentioned that the average broiler journey in the 
UK is 3 hrs or less, but that occasionally birds might be confined to the vehicle for 
up to 12 hrs. The same is true in North America where a so-called long journey can 
extend to 5 hrs and time on the truck to 10-12 hrs. Duncan (1989) used behavioural 
and physiological responses (heart rate, plasma corticosterone concentration, 
tonic immobility) to characterize the stress(es) imposed on the birds during 
transport. Post-transport birds had higher plasma corticosterone, which indicated 
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an activation of the hypothalamo-adenohypophyseal-adrenocortical axis. This 
was consistent with observations of an increasing heterophil:lymphoctye ratio. 
Transport stress was also reported to induce tissue damage, which was reflected 
by an increased plasma activity of intracellular muscle enzymes such as creatine 
kinase and others.
  
One of the major transportation stresses is environmental temperature. For this 
reason trucks may be covered during cold weather. Over the years, several studies 
have examined and modelled the effects of heat on metabolic rates in birds 
during transport (Mitchell and Kettlewell, 1998; Yahav et al., 1995; Knezacek 
et al., 2010). Webster et al. (1993) indicated that well-feathered birds experience 
thermal comfort over a narrow range of ambient temperature. They proposed 
that stress could be minimized by appropriate control of air flow within the 
truck, both in motion and at rest (i.e., minimal natural ventilation during rest/stop 
time). Later, Mitchell and Kettlewell (1998) completed a very comprehensive 
temperature modelling study that has been used to generate guidelines for poultry 
transportation. The result of their work is used here to illustrate ways of monitoring 
the so-called thermal microenvironment zones within the truck (e.g., note that 
today inexpensive data loggers can be used to monitor the condition on any truck 
and construct a database fairly quickly), measuring stress, and providing practical 
guidelines for operation in different geographical regions.  
 
First the authors described a value called the apparent equivalent temperature 
(AET) that shows the “effective temperature” that the birds will experience. 
Calculated to characterize the birds’ responses to quantified thermal conditions, the 
value takes into account temperature, water vapour pressure, and the psychometric 
constant. As relative humidity increases, at a constant temperature, it will be more 
difficult for the bird to lose heat via panting and the bird will perceive a higher body 
temperature (birds do not have sweat glands). The value is related to the wet bulb 
temperature and describes the total heat exchange between a wetted surface and 
the environment (e.g., a similar principle to monitoring relative humidity to control 
the smoke house operation, as described in Chapter 13). It should be mentioned 
that the influence of heat loss might be more pronounced inside a crate than on an 
individual bird under similar conditions in an open space.  

Figure 4.7.1 shows a line going through temperature and humidity conditions 
yielding an AET value of 64°C (based on the physiology of the bird), which the 
authors indicated as the maximum value at which the birds would be comfortable. 
An AET of 65°C can be theoretically achieved by an ambient temperature of 
65°C in completely dry air or at 22°C and in air with a relative humidity (RH) 
of 100%. For example, an air temperature of 40°C and 21% RH will result in the 
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same value. Overall, an RH of <50% is not a realistic value within the thermal 
core of commercial trucks, regardless of temperature. Therefore, the maximum 
permissible dry-bulb temperature should be 30°C. A more realistic RH range is 70-
80%; therefore, truck temperature should be kept below 25-26°C with adequate 
ventilation that can reduce the water vapour load.  By installing a monitoring 
system in the truck it is possible to minimize heat stress and improve the welfare 
of the birds. It is important to emphasize that the calculations presented here are 
modelled off of a stocking density of about 53-58 kg/m2 and a transit time of about 
3 hrs. These conditions compare favourably to the EU standards (EC 91/628, 
1993). 
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Figure 4.7.1  Dry bulb temperature and relative humidity combinations yielding an Apparent Equivalent 
Temperature (AET) of 64°C, the recommended acceptable upper limit for the thermal load in the core of

a commercial poultry transporter.  Redrawn from Mitchell and Kettlewell (1998).  With permission.

In their study (Fig. 4.7.2), Mitchell and Kettlewell (1998) used a typical broiler 
transporter with a modular container system (1.3 × 0.7 × 0.25 m) that carries about 
6,000 birds of 2 kg body weight. Stocking density was 53 kg/m2 in each crate, 
which was loaded with 21-22 birds in the summer and up to 23 birds in the winter. 
The crates were perforated by vertical slits that were 1 cm wide and 5.5 cm apart. 
The truck had a solid headboard, a roof, and an open rear.  Temperature and RH 
probes were used to continuously gather information at six locations in the truck 
(probes were positioned at the same level as the broilers). Outside temperature 
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and air speed over the vehicle during the journey were also measured. The study 
resulted in a 3-dimensional thermal mapping of the transport truck in the summer 
(curtains left open) and winter (curtains closed). During the winter months, data 
reveal the presence of microenvironments where there were substantial increases 
in both temperature and vapour density (VD; Figure 4.7.2.b).   
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Figure 4.7.2  Variation in temperature (first) and water vapor density (second) in three locations in a 
poultry transporter with elapsed time during a typical winter journey (curtains closed

configuration). The vehicle was stationary during mandatory “driver break”
between 78 to 118 min. Redrawn from Mitchell and Kettlewell (1998). 
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Overall, mean temperature increased by 14.5°C and VD by 6.2 g/m3 (Fig. 4.7.2). 
This indicates that when the curtains are closed, a “paradoxical heat stress” may 
occur within the “thermal core” even when the outside temperature is very low. 
During the summer, only a small gradient of 2 to 5°C was measured. Dissipation 
of temperature and humidity gradients and proper distribution of the thermal load 
within the truck should therefore be a primary objective when designing a new 
truck or improving the ventilation system of an existing one.

The data presented for the winter (Fig. 4.7.2) indicate that a gradient exists from the 
front to the rear of the truck. This “thermal core” could be seen towards the upper 
front of the truck where ventilation was minimal and the risk of heat stress was 
proportionally greater. Another very important observation was that temperature 
and VD substantially increased when the vehicle stopped for the mandatory 
driver-break (between 78-118 min). This is an extremely important point because 
many trucks rely on “natural ventilation” when the truck is not in motion. During 
transport, both temperature and VD were the highest and fairly constant in the 
“thermal core”. Under reduced ventilation conditions (truck stopping), the summer 
temperatures and high VD put the birds under a higher thermal load.  

Overall, the authors reported mean AET values of approximately 50°C. The 
maximum AET was around 60°C during the summer (curtains open) and ranged 
from 60-80°C during the winter (curtains closed). It should be noted that the 
data were derived from what they called a “typical journey”; however, under 
other commercial conditions, values may exceed those reported here, especially 
during a warmer period in spring and autumn when trucks may still run with 
closed curtains. The authors also conducted laboratory “in-crate” experiments to 
demonstrate the effect of the AET values on physiological responses associated 
with stress.  Internal body temperature was measured and blood samples were 
collected at 0 and 3 hrs after simulated transport conditions (Table 4.7.1). The 
AET values were achieved at “in-crate” temperatures between 22 and 30°C and 
VDs of 10.5-27.0 g/m3. Confinement of the birds in the crates tended to induce 
hyperthermia at all heat loads. At an AET of about 70°C, the hyperthermia became 
marked and at an AET of 80°C or more, the hyperthermia was profound and life 
threatening. Plasma creatine kinase increased in all groups, reflecting the physical 
stress of these conditions. Levels of above 1,000 IU/L resulted after exposure 
to all AETs above 45°C, although the response tended to be proportional to the 
AET. A 45-50% increase in creatine kinase, associated with AET exposures of 
81.1 and 91.5°C, suggests a significant disruption of sarcolemmal integrity and 
therefore significant muscle damage. A significant increase in the cortical steroid 
secretion at AET > 70°C was also observed. The authors mentioned that this was 
followed by a disturbance in the acid-base balance and partial CO2 pressure of 
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the blood due to thermal panting.  Overall, the stress profiles suggested that AET 
heat loads of 45-50°C were associated with minimal or mild physiological stress. 
Between 50 and 70°C, stress was moderate to severe, and increasing physiological 
stress was associated with failure of several homeostatic systems, which could 
potentially increase mortality rates (catastrophic failure of thermal regulation, 
profound hyperthermia and collapse of vital systems). As indicated before, it 
was suggested that AETs > 65°C should be avoided. The authors developed a 
practical method for on-line, routine monitoring of the environment within 
the thermal core of commercial vehicles. The program uses the physiological 
response model to warn the driver against the risk of rising heat stress during the 
journey. Simple modifications such as adjusting the side curtains and/or raising 
the roof can be used to reduce risk of heat stress during transport. The thermal 
data describing the conditions within the truck (Fig. 4.7.2) show the complexity 
of the microenvironments present. The authors indicated that if the average 
metabolic rate of a 2 kg bird is 15 W, evaporating 10.5 g/h of water, then 6,000 
birds would produce 90 kW of heat and 63 kg/h of metabolic water that must be 
dissipated by ventilation. Disturbances in air flow through the structure will cause 
an accumulation of heat and moisture and result in higher risk of heat stress for 
the birds. In addition, the consequent stimulation of thermal panting will further 
increase evaporative water loss (from the panting birds) and cause a vicious 
spiralling cycle of hyperthermia.

Table 4.7.1  Body temperature and plasma creatine kinase (CK) in broiler chickens
exposed to a range of thermal loads (θ *app) for 3 hr under simulated

transport conditions.  Values are given as the mean ± SD (n = 10). 
From Mitchell and Kettlewell (1998).  With permission.

Body temperature Plasma CK activity
θ *app T0 T1 T0 T1

--------------- (°C) --------------  ------------- (IU/L) ------------
45.0 41.6 ± 0.13 42.0 ± 0.25 693 ± 257 888 ± 324
58.0 41.7 ± 0.17 42.4 ± 0.29 696 ± 296 1,043 ± 432
70.4 41.5 ± 0.17 42.5 ± 0.30 652 ± 178 996 ± 241
81.1 41.5 ± 0.11 43.0 ± 0.33 830 ± 323 1,205 ± 393
91.5 41.3 ± 0.23 44.6 ± 0.33 810 ± 215 1,239 ± 410

   
 
Today, more attention is paid to truck design factors such as air spaces in the 
middle of the truck, air movement from bottom to top. In some trucks the roof 
can be elevated to increase ventilation when the truck stops or while moving on 
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very hot days. Roof height adjustment can also be used to facilitate loading and 
unloading of the module crates. The special floor design shown in Figure 4.7.3 
allows better air movement without causing problems with droppings from the 
upper cages.

Fig 4.4.2 

 

 

Fig 4.7.3 

 

 

 

 

Figure 4.7.3  A design to allow adequate air flow with minimal dropping contamination (Air Flo).  
Courtesy of Stork.

An example for calculating air velocity was provided by Mitchell and Kettlewell 
(1998). They showed that when the outside temperature was 20°C and the RH 
was 50%, the water vapour density was 8.6 g/m3. If moisture addition, via panting 
from birds within the truck, increased the RH to 90% (without any change in 
temperature) then the VD would increase to 15.6 g/m3. They calculated a water 
addition of 63 kg/h (from the 6,000 bird truck) and indicated that keeping the 
humidity status quo would require an air flow of  2.5 m3/s. This calculation 
assumes no temperature increase and a homogenous internal environment that 
may not actually exist in a commercial truck.   

Knezacek et al. (2010) used thermal mapping to model broiler transportation during 
the cold winter in Canada (Fig. 4.7.4). Their study is used here to demonstrate the 
benefits of mapping in detecting and fixing problems with microenvironments. The 
researchers measured the temperatures using external data loggers and core body 
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temperature monitors on four journeys. Overall, temperature heterogeneity was 
found between modules on all loads with average crate temperature ranging from 
11-31°C, 9-28°C, 2-26°C, and 1-16°C for journeys of 191, 193, 178 and 18 min 
and ambient temperatures of -7, -27, -28 and -18°C, respectively. The temperature 
monitoring indicated the potential for developing both hypo- and hyperthermia, 
showing that cold stress can occur near air inlets and heat stress in poorly ventilated 
areas. Passive ventilation inside the truck resulted in crate temperatures of 18 to 
55°C higher than the outside temperature. By first mapping the conditions on 
the truck, one can start to correct the problem areas and provide more uniform 
conditions. Continuous monitoring during transportation can further help maintain 
ideal temperature, as conditions can change along the way (e.g., wind direction, 
truck speed, rest period). Today some trucks used to transport animals have fans 
located at strategic points to direct air to certain areas, this can be combined with a 
monitoring system to reduce/eliminate microclimate problems.

 
 33 

 
 

Figure 4.7.4  Interpolated temperature variations along the center of a 16 m trailer during four 
winter journeys.  Dark dashes above each image indicate locations of open air 
vents.  Small black triangles within each image indicate locations of temperature 
sensors.  From Knezacek et al. (2014).  With permission. 

 

 

Figure 4.7.4  Interpolated temperature variations along the center of a 16 m trailer during
four winter journeys.  Dark dashes above each image indicate locations of open air vents.

Small black triangles within each image indicate locations of temperature sensors.
From Knezacek et al. (2010).  With permission. 
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Mitchell and Kettlewell (1998) used the model they developed to compare a 
conventional truck with an improved truck with a modified ventilation system. 
The modifications were based on mathematical and physical modelling of 
the pressure fields surrounding the conventional truck. This was done in order 
to identify locations of pressure gradients that could assist in driving natural 
ventilation while the truck is moving. During testing the authors used a matched 
control, back-to-back, alternate journey protocol for identical routes on four 
successive days. Temperatures and RHs were recorded, as well as assessments of 
the physiological stress experienced by the birds on both trucks by analysing blood 
samples for heterophil:lymphocyte (H:L) ratio and plasma creatine kinase levels. 
In the standard truck, the average temperature was 28.7°C and the RH was 63% 
(VD of 17 g/m3). This resulted in AET of 68.8°C, above the recommended level 
of 65°C, and the birds experienced physiological stress as measured by a marked 
elevation in the H:L ratio (i.e., was 0.97). In the modified truck, the same external 
climate conditions (11.7°C) resulted in an average core temperature of 22.5°C, RH 
of 51% (VD of 10.2 g/m3), and an AET value of 45°C. As a result, physiological 
stress indicators were lower (i.e., plasma creatine kinase was 310 versus 407 IU/L 
in the standard truck, and H:L ratio was 0.30 versus 0.97). The experiment clearly 
demonstrates the physiological benefits of using physical parameters to improve 
truck design. The modifications also resulted in lower mortality (0.43% DOA 
versus 0.49% in the standard truck) and the ability to increase truck capacity by 
about 10% (i.e., addition of the equivalent of two more modules or about 500 
broilers).  

Another important reason to avoid heat stress during transport is that it may make 
birds more susceptible to a condition known as pale, soft, and exudative (PSE) 
meat. It has been reported that the incidence of PSE increases when broilers/
turkeys are exposed to extreme weather conditions. McCurdy et al. (1996) showed 
an increase in the paleness of the breast fillets (Fig. 4.7.5) and a decrease in water 
holding capacity in turkey muscle transported during the hot summer months 
as compared to the winter. McKee and Sams (1997) also showed that turkeys 
exposed to heat stress (38/32°C during the day and night, respectively) for one 
month during their growing period showed higher paleness values, lower post 
mortem pH, and higher drip and cook loss compared to turkeys grown at 24/16°C. 
In a later study it was shown that broilers held at temperatures >18°C in the 
holding shed at the processing plant (i.e., just prior to slaughter) resulted in more 
incidences of PSE than when broilers were held at 12°C (Bianchi et al., 2006). This 
information underlines the extreme importance of maintaining good conditions 
during growing, catching, and transportation. Overall, better understanding of 
factors such as truck configuration, stocking density, frequency and duration of 
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rest periods should be of great interest to the poultry industry. A multidisciplinary 
approach that includes animal physiology, nutrition, mechanical engineering, and 
electronics would benefit the industry in improving transportation.Figure 4.7.5 

 

 

 

Figure 4.7.5  Truncation values showing the lightness values of turkey tom breast meat fillets during 
different seasons.  See text for more details.  Redrawn from McCurdy et al. (1996).
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