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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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The book is dedicated to my past and current students who have inspired me to 
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give back to the field that I have received so much from as a student and as a faculty 
member. Looking back, I have learned a great deal from my MSc and PhD advisor, 
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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PORTIONING, DEBONING AND FRESH 
MEAT COMPOSITION

9.1 Introduction and Classifications

Increased marketing of portioned and deboned meat (Chapter 2) has resulted in an 
increased demand for mechanical cutting up and deboning operations. Currently, 
various setups are available to the meat processor, ranging from a simple cone 
line (i.e., a carrier that helps manual deboning) to fully automated equipment to 
cut up and debone the whole carcass. Marketing of cut-up poultry (Table 9.1.1) 
has also resulted in more frames and trims left behind at the processing plant, 
which has opened the market for equipment that mechanically debones meat 
(discussed below). 

Table 9.1.1  Examples of prepared cut up poultry portions available at retail.

Description Comments
1 Front quarter See drawing below
2 Hind quarter Leg and back attached
3 Thigh Skin on/off
4 Breast quarter  / halves Bone in/boneless; skin on/off
5 Whole wing Popular for BBQ
6 Wing drumette Common for fast food
7 Nine piece cut Common for fast food
8 Back Mainly for soup
9 Giblets Liver, heart, gizzard
10 Paws Chicken/duck bottom leg

Different classification systems for poultry are used around the world and are 
very important for communication between sellers and buyers. An example of a 
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classification system used in the USA is provided below (USDA, 2014). It shows 
various classes of poultry:

a.  Chickens 
  

(i)  Rock Cornish game hen or Cornish game hen is a young immature 
chicken (less than 5 weeks of age), of either sex, with a ready-to-cook 
carcass weight of not more than 2 pounds.

(ii)  Broiler or fryer is a young chicken (less than 10 weeks of age), of 
either sex, that is tender-meated with soft, pliable, smooth-textured 
skin and flexible breastbone cartilage.

(iii)  Roaster or roasting chicken is a young chicken (less than 12 weeks 
of age), of either sex, that is tender-meated with soft, pliable, smooth-
textured skin and breastbone cartilage that is somewhat less flexible 
than that of a broiler or fryer.

(iv)  Capon is a surgically neutered male chicken (less than 4 months of 
age), that is tender-meated with soft, pliable, smooth-textured skin.

(v)  Hen, fowl, baking chicken, or stewing chicken is an adult female 
chicken (more than 10 months of age), with meat less tender than that 
of a roaster or roasting chicken and a nonflexible breastbone tip.

(vi)  Cock or rooster is an adult male rooster with coarse skin, toughened 
and darkened meat, and a nonflexible breastbone tip.

b.  Turkeys 
  

(i)  Fryer-roaster turkey is an immature turkey (less than 12 weeks of age), 
of either sex, that is tender-meated with soft, pliable, smooth-textured 
skin, and flexible breastbone cartilage.

(ii)  Young turkey is a turkey (less than 6 months of age), of either sex, 
that is tender-meated with soft, pliable, smooth-textured skin and 
breastbone cartilage that is less flexible than that of a fryer-roaster 
turkey.

(iii)  Yearling turkey is a turkey (less than 15 months of age), of either sex, 
that is reasonably tender-meated with reasonably smooth-textured 
skin.

(iv)  Mature or old turkey is an adult turkey (more than 15 months of age), 
of either sex, with coarse skin and toughened flesh. Sex designation is 
optional.
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c.  Ducks

(i)  Duckling is a young duck (less than 8 weeks of age), of either sex, that 
is tender-meated and has a soft bill and soft windpipe.

(ii)  Roaster duck is a young duck (less than 16 weeks of age), of either sex, 
that is tender-meated and has a bill that is not completely hardened and 
a windpipe that is easily dented.

(iii)  Mature duck or old duck is an adult duck (more than 6 months of age), 
of either sex, with toughened flesh, a hardened bill, and a hardened 
windpipe.

d.  Geese

(i)  Young goose is an immature goose, of either sex, that is tender-meated 
and has a windpipe that is easily dented.

(ii)  Mature goose or old goose is an adult goose, of either sex, that has 
toughened flesh and a hardened windpipe.

e.  Guineas

(i)  Young guinea is an immature guinea, of either sex, that is tender-
meated and has a flexible breastbone cartilage.

(ii)  Mature guinea or old guinea is an adult guinea, of either sex, that has 
toughened flesh and a non-flexible breastbone.

This chapter describes the portioning, deboning, and sorting of cut-up poultry prior 
to tray packing. Although there are different types of poultry (chicken, turkey, 
duck), the cutting is mostly similar. In addition, a discussion on the composition of 
fresh meat is provided. 

9.2 Whole Bird Cutting

9.2.1 Basic Poultry Cuts 
 
Consumers today have the option of buying the whole bird or cut up parts (e.g., 
wings, legs, breast fillets). The names of the major parts, including major bones, 
are shown in Figure 9.2.1.1. Depending on the market, poultry can be sold live, as 
an eviscerated whole carcass (with or without giblets; see Table 9.1.1), split into 
halves or quarters, or as separate pieces (e.g., wings or legs), with or without bones 
and skin.
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a)  

 

 

b)  
 
 
 

 
Figure 9.2.1.3   Poultry portions and their names in English and German.  Courtesy of Emsland 

Frischgeflugel. (Note included a higher quality picture separately for 
Michelle since it is very large – replace this one and plan on using a full 
page for the figure) 

Figure 9.2.1.1  Illustration of major poultry parts a), and major poultry bones b).  From CFIA (2012).

In this section, examples of the North American system and then the Japanese 
system are presented to illustrate broiler cutting. While there are many similarities 
between the systems, each is designed to serve a specific market. A detailed 
description of the actual meat cut nomenclature and description of poultry cutting 
parts listed by the North American/Canadian Food Inspection Agency (CFIA, 
2012) are provided below:
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a.  Poultry: is meat derived from dressed carcasses of birds as defined by the 
Meat Inspection Act and Regulations. Note: the name of the bird species 
from which the meat is derived is required to appear in the product 
description in lieu of the word poultry.

b.  Dressed poultry carcass (whole poultry): means a poultry carcass from 
which the feathers, hair, head, the feet at the tarsal joints and uropygial 
gland have been removed and the carcass has been eviscerated.

c.  Poultry half (half poultry): means one of the two approximately equal 
portions of a dressed poultry carcass obtained by cutting through the 
backbones (thoracic vertebrae), pelvic bones (pelvis) and keel bone 
(sternum) along the median line. Note: the poultry half shall exclude the 
neck. See Figure 9.2.1.2. 
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d. Front quarter (breast quarter): means the front (anterior) portion of a poultry half 

obtained by cutting immediately behind (posterior to) and parallel to the rib cage 

(posterior to the seventh thoracic vertebra, seventh rib and sternum).  

 

e. Hind quarter (leg quarter) (chicken leg, back attached): means the hind (posterior) 

portion of a poultry half which is separated from the front quarter as described above. 

Note: the term leg, back attached may also be used to identify this cut. 

Figure 9.2.1.2  Illustrations of poultry portions as described
in the CFIA 2012.  Note: below are drawings showing

various portions within the appropriate sections
(sections c to q).
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d.  Front quarter (breast quarter): means the front (anterior) portion of a 
poultry half obtained by cutting immediately behind (posterior to) and 
parallel to the rib cage (posterior to the seventh thoracic vertebra, seventh 
rib and sternum).
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d. Front quarter (breast quarter): means the front (anterior) portion of a poultry half 

obtained by cutting immediately behind (posterior to) and parallel to the rib cage 

(posterior to the seventh thoracic vertebra, seventh rib and sternum).  

 

e. Hind quarter (leg quarter) (chicken leg, back attached): means the hind (posterior) 

portion of a poultry half which is separated from the front quarter as described above. 

Note: the term leg, back attached may also be used to identify this cut. 

e.  Hind quarter (leg quarter) (chicken leg, back attached): means the hind 
(posterior) portion of a poultry half which is separated from the front 
quarter as described above. Note: the term leg, back attached may also 
be used to identify this cut.
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f. Wing: means that portion of the whole poultry obtained by cutting through the 

shoulder joint (articulation between the clavicle, coracoid and humerus). It includes 

the wing drumette, the winglet and may include the wing tip. 

 
 

g. Wing drumette: means that proximal portion of the wing which is separated from the 

whole poultry by cutting through the shoulder joint as described, and from the 

winglet by cutting through the elbow joint (articulation between the humerus and 

radius/ulna). Note: the wing drumette shall not be referred to as drumstick. 
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f.  Wing: means that portion of the whole poultry obtained by cutting 
through the shoulder joint (articulation between the clavicle, coracoid 
and humerus). It includes the wing drumette, the winglet and may 
include the wing tip.
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h. Winglet (v-wings): means that distal portion of the wing obtained by cutting through 

the elbow joint (articulation between the humerus and radius/ulna). Part of the wing 

tip may be removed. 

 

i. Leg: means that portion of the whole poultry obtained by cutting at the natural seam 

through the hip joint (articulation between the femur and the pelvis). It includes the 

thigh and drumstick jointed or disjointed and may include pelvic meat. It excludes 

pelvic bones, back skin, abdominal skin and excessive fat. 
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h.  Winglet (v-wings): means that distal portion of the wing obtained by 
cutting through the elbow joint (articulation between the humerus and 
radius/ulna). Part of the wing tip may be removed.
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h. Winglet (v-wings): means that distal portion of the wing obtained by cutting through 

the elbow joint (articulation between the humerus and radius/ulna). Part of the wing 

tip may be removed. 

 

i. Leg: means that portion of the whole poultry obtained by cutting at the natural seam 

through the hip joint (articulation between the femur and the pelvis). It includes the 

thigh and drumstick jointed or disjointed and may include pelvic meat. It excludes 

pelvic bones, back skin, abdominal skin and excessive fat. 

i.  Leg: means that portion of the whole poultry obtained by cutting at the 
natural seam through the hip joint (articulation between the femur and 
the pelvis). It includes the thigh and drumstick jointed or disjointed and 
may include pelvic meat. It excludes pelvic bones, back skin, abdominal 
skin and excessive fat.
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j. Thigh: means that proximal portion of the leg which is separated from the whole 

poultry by cutting at the natural seam through the hip joint as described, and from the 

drumstick by a straight cut through the knee joint (femoro-tibial articulation). It may 

include pelvic meat but shall exclude pelvic bones, back skin, abdominal skin and 

excessive fat. 

 

k. Drumstick: means that distal portion of the leg which is separated from the thigh by a 

straight cut through the knee joint as described above. 
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j.  Thigh: means that proximal portion of the leg which is separated from 
the whole poultry by cutting at the natural seam through the hip joint as 
described, and from the drumstick by a straight cut through the knee joint 
(femoro-tibial articulation). It may include pelvic meat but shall exclude 
pelvic bones, back skin, abdominal skin and excessive fat.
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j. Thigh: means that proximal portion of the leg which is separated from the whole 

poultry by cutting at the natural seam through the hip joint as described, and from the 

drumstick by a straight cut through the knee joint (femoro-tibial articulation). It may 

include pelvic meat but shall exclude pelvic bones, back skin, abdominal skin and 

excessive fat. 

 

k. Drumstick: means that distal portion of the leg which is separated from the thigh by a 

straight cut through the knee joint as described above. k.  Drumstick: means that distal portion of the leg which is separated from 
the thigh by a straight cut through the knee joint as described above.
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l. Breast (full breast): means that portion of the whole poultry which is separated from 

the wing by cutting through the shoulder joint, from the neck by cutting 

approximately through the twelfth neck bone (cervical vertebra), from the back by 

cutting through the ribs at the junction of the vertebral ribs and back and from the 

hind quarter by cutting immediately behind (posterior to) the rib cage (seventh rib 

and sternum). The breast includes the "Y" shaped ends of the ribs and excludes the 

neck skin. 

m.  Half breast: means one of the two approximately equal portions of a breast obtained 

by cutting through the breast bone (sternum) along the median line. Note: the breast 

may be portioned in two approximately equal parts (half breast) as described or in 

three parts by first removing the wishbone (see below) portion then by cutting the 

breast bone (sternum) along the median line. For exact weight-making purposes, 

these parts may be substituted for lighter or heavier pieces and the package may 

contain two or more of such parts without affecting the appropriateness of the 

product description as breast. 
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l.  Breast (full breast): means that portion of the whole poultry which is 
separated from the wing by cutting through the shoulder joint, from the 
neck by cutting approximately through the twelfth neck bone (cervical 
vertebra), from the back by cutting through the ribs at the junction of the 
vertebral ribs and back and from the hind quarter by cutting immediately 
behind (posterior to) the rib cage (seventh rib and sternum). The breast 
includes the “Y” shaped ends of the ribs and excludes the neck skin.

m.  Half breast: means one of the two approximately equal portions of a 
breast obtained by cutting through the breast bone (sternum) along the 
median line. Note: the breast may be portioned in two approximately 
equal parts (half breast) as described or in three parts by first removing the 
wishbone (see below) portion then by cutting the breast bone (sternum) 
along the median line. For exact weight-making purposes, these parts 
may be substituted for lighter or heavier pieces and the package may 
contain two or more of such parts without affecting the appropriateness 
of the product description as breast.
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n. Wishbone: means that front (anterior) portion of the breast obtained by a cut passing 

through the hypocledial ligament located between the tip of the wishbone 

(hypocledium) and the front point of the breast bone (carinal apex of the sternum), 

then between the wishbone (clavicle) and coracoid up to a point where the wishbone 

(clavicle) joins the shoulder. The neck skin shall be excluded. 

 

o. Trimmed breast: means that portion of the breast obtained by a cut passing along the 

junction of the vertebral and sternal ribs. The sternal ribs may be removed and the 

neck skin shall be excluded. Note: the trimmed breast may be portioned in two 

approximately equal parts (half trimmed breast) as described below, or in three parts 

by first removing the wishbone portion as described, then by cutting the breast bone 
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n.  Wishbone: means that front (anterior) portion of the breast obtained by 
a cut passing through the hypocledial ligament located between the tip 
of the wishbone (hypocledium) and the front point of the breast bone 
(carinal apex of the sternum), then between the wishbone (clavicle) and 
coracoid up to a point where the wishbone (clavicle) joins the shoulder. 
The neck skin shall be excluded.
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n. Wishbone: means that front (anterior) portion of the breast obtained by a cut passing 

through the hypocledial ligament located between the tip of the wishbone 

(hypocledium) and the front point of the breast bone (carinal apex of the sternum), 

then between the wishbone (clavicle) and coracoid up to a point where the wishbone 

(clavicle) joins the shoulder. The neck skin shall be excluded. 

 

o. Trimmed breast: means that portion of the breast obtained by a cut passing along the 

junction of the vertebral and sternal ribs. The sternal ribs may be removed and the 

neck skin shall be excluded. Note: the trimmed breast may be portioned in two 

approximately equal parts (half trimmed breast) as described below, or in three parts 

by first removing the wishbone portion as described, then by cutting the breast bone 

o.  Trimmed breast: means that portion of the breast obtained by a cut 
passing along the junction of the vertebral and sternal ribs. The sternal 
ribs may be removed and the neck skin shall be excluded. Note: the 
trimmed breast may be portioned in two approximately equal parts (half 
trimmed breast) as described below, or in three parts by first removing the 
wishbone portion as described, then by cutting the breast bone (sternum) 
along the median line. For exact weight making purposes these parts 
may be substituted for lighter or heavier pieces and the package may 
contain two or more of such parts without affecting the appropriateness 
of the product description as trimmed breast.
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p.  Half trimmed breast: means one of the two approximately equal portions 
of a trimmed breast obtained by cutting through the breast bone (sternum) 
along the median line.  
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(sternum) along the median line. For exact weight making purposes these parts may 

be substituted for lighter or heavier pieces and the package may contain two or more 

of such parts without affecting the appropriateness of the product description as 

trimmed breast. 

p. Half trimmed breast: means one of the two approximately equal portions of a 

trimmed breast obtained by cutting through the breast bone (sternum) along the 

median line.   

 

q. Breast fillet: means that round, elongated fusiform muscle, (supra coracoid muscle or 

deep pectoral) found on each side of the keel bone (sternum). 

 

q.  Breast fillet: means that round, elongated fusiform muscle, (supra 
coracoid muscle or deep pectoral) found on each side of the keel bone 
(sternum).
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r.  Whole back: means that portion of the whole poultry which is separated 
from the breast as described above. It includes the neck, thoracic 
vertebrae, pelvic bones and tail. It may include parts of the vertebral ribs.
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r. Whole back: means that portion of the whole poultry which is separated from the 

breast as described above. It includes the neck, thoracic vertebrae, pelvic bones and 

tail. It may include parts of the vertebral ribs. 

 

s. Back: means that portion of the whole back which is separated from the neck by 

cutting in the vicinity of the shoulder joint (approximately through the twelfth 

cervical vertebra). It includes the thoracic vertebrae, pelvic bones and tail, the skin 

and adhering meat. The vertebral ribs and/or scapula may be removed. 

 

t. Stripped back: means the back from which the meat adhering to the pelvic bones has 

been removed. 

s.  Back: means that portion of the whole back which is separated from 
the neck by cutting in the vicinity of the shoulder joint (approximately 
through the twelfth cervical vertebra). It includes the thoracic vertebrae, 
pelvic bones and tail, the skin and adhering meat. The vertebral ribs and/
or scapula may be removed.
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r. Whole back: means that portion of the whole poultry which is separated from the 

breast as described above. It includes the neck, thoracic vertebrae, pelvic bones and 

tail. It may include parts of the vertebral ribs. 

 

s. Back: means that portion of the whole back which is separated from the neck by 

cutting in the vicinity of the shoulder joint (approximately through the twelfth 

cervical vertebra). It includes the thoracic vertebrae, pelvic bones and tail, the skin 

and adhering meat. The vertebral ribs and/or scapula may be removed. 

 

t. Stripped back: means the back from which the meat adhering to the pelvic bones has 

been removed. 
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t.  Stripped back: means the back from which the meat adhering to the 
pelvic bones has been removed.
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u. Neck: means that front (anterior) portion of the whole back or carcass obtained by 

cutting near the shoulder joint (approximately through the twelfth cervical vertebra). 

It may include the skin. 

 

v. Poultry giblets: means the liver, the heart or the gizzard or any combination thereof 

of the same species, obtained from a dressed poultry carcass. 

w. Ground poultry: means fresh, boneless, skin on/skinless comminuted poultry meat 

that has a fat content identified by one of the following terms: 

Regular - 30% 

Medium - 23% 

Lean – 17% 

u.  Neck: means that front (anterior) portion of the whole back or carcass 
obtained by cutting near the shoulder joint (approximately through the 
twelfth cervical vertebra). It may include the skin.
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u. Neck: means that front (anterior) portion of the whole back or carcass obtained by 

cutting near the shoulder joint (approximately through the twelfth cervical vertebra). 

It may include the skin. 

 

v. Poultry giblets: means the liver, the heart or the gizzard or any combination thereof 

of the same species, obtained from a dressed poultry carcass. 

w. Ground poultry: means fresh, boneless, skin on/skinless comminuted poultry meat 

that has a fat content identified by one of the following terms: 

Regular - 30% 

Medium - 23% 

Lean – 17% 

v.  Poultry giblets: means the liver, the heart or the gizzard or any combination 
thereof of the same species, obtained from a dressed poultry carcass.
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w.  Ground poultry: means fresh, boneless, skin on/skinless comminuted 
poultry meat that has a fat content identified by one of the following 
terms:

Regular – 30%
Medium – 23%
Lean – 17%
Extra Lean – 10%

Figure 9.2.1.3 is an example of cut up parts from a pamphlet used to identify 
poultry cuts going into trade. The guide is used to show customers the exact parts 
used in trade. 

 

Figure 9.2.1.3   Poultry portions and their names in English and German.
Courtesy of Emsland Frischgeflugel.
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Another example is the Japanese Yellow Book which contains pictures (not shown 
here, but can be viewed on the internet) and very precise portion descriptions that 
serve as the basis of communication between sellers and buyers. The Japanese 
guide is used a lot within the country but also when dealing with companies 
exporting to Japan where it is common to sell cut up poultry  to supermarkets 
in 2 kg bags (i.e., re-packaging can take place at the supermarket according to 
changing market needs). Overall, this case is different from the European and 
North American markets where final packaging is usually done at the plant level.

Figure 9.2.1.4a illustrates the muscles included in the breast meat portion of poultry 
(e.g., chicken, turkey, duck). As mentioned in Chapter 3, there are differences in 
the type of fibers in these muscles: migratory birds such as wild ducks have a high 
proportion of red fibers, while non- migratory birds such as chickens have a high 
proportion of white fibers that are ideal for short flights (see also Swatland, 1994). 
Figure 9.2.1.4b shows the leg muscles after the skin has been removed.
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a)   

b)   

Figure 9.2.2.1  Cone system used to assist manual deboning of poultry meat. 
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a)   

b)   

Figure 9.2.2.1  Cone system used to assist manual deboning of poultry meat. 
 

Figure 9.2.1.4   Major muscles and bones included in the breast meat portion (a), and in the leg meat 
portion of a broiler (b), shown after skin removal.  For breast meat portion: (1) clavicle bone,
(2) Pectoralis, (3) Supracoracoideus, (4) sternum bone. For leg portion: (1) Biceps femoris, 

(2) Gastrocnemius, (3) Iliotibials, (4) Peroneus longus, (5) Sartorius, (6) Semitendinosus, (7) 
Semimembranosus.  Based on Swatland (1994). See also illustration of muscles in Chapter 3.

Photos by Barbut.

9.2.2 Traditional Manual Cutting 

Manual cutting and deboning of poultry has been exercised for thousands of 
years and can still be observed in small operations or where labour costs are low. 
Deboning is commonly done on a cutting board, or on a deboning cone (Fig. 
9.2.2.1). The cone can be stationary, where an employee positions and cuts one 
entire bird at a time, or on a moving line, where employees are responsible for 
making one or a few cuts. The deboning process usually starts by removing the 
wings and then the breast meat (with/without skin). This can be done by cutting 
the anterior ends of the pectoralis muscle (Fig. 9.2.1.4a) and pulling it away from 
the bone. This usually leaves the small supracoracoideus attached to both sides 
of the sternum, from where they can be manually pulled. These small strips are 
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often sold as broiler/turkey “tenderloins”. Later, the thighs can be removed by first 
cutting the abdominal skin, followed by cutting through the femur-pelvis joint. If 
the final product is skinless, then the skin would be taken off prior to removing 
the leg. The leg section can be separated into the drumstick and thigh by cutting 
through the femoro-tibial joint (see Fig. 9.2.1.4b). Boneless thigh meat can be 
obtained by removing the femur bone as well as the major ligaments.
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Figure 9.2.3.1  An example of a compact leg deboning system starting from back halves. 
Module parts include the following: back half feeding, anatomic leg cutting 
module, whole leg skinning module, right-hand thigh deboning module, left-
hand thigh deboning module, left-hand thigh meat harvesting module, right-
hand thigh meat harvesting module, drumstick cutting module, drumstick 
deboning module and drumstick meat harvesting module.  Courtesy of Marel 
Stork.  

 
 

Figure 9.2.2.1  Cone system used to assist manual deboning of poultry meat.

9.2.3 Automation in cutting and deboning

Automated, high-speed cutting equipment (Fig. 9.2.3.1) has been gaining 
popularity with the increased demand for boneless poultry meat. The system 
shown in Figure 9.2.3.2 can debone 3,600 breast caps per hour. It is interesting 
to examine the history of these systems on the market, as the equipment shown 
here is a 5th or 6th generation machine. An important driver in the development 
of automated equipment is the imbalance in demand for light and dark meat. In 
places such as North America, there is a very high demand for light meat (Chapter 
2), whereas in places like Japan the demand for dark meat is higher. Processors are 
often left with whichever is less popular. 



 9-19THE SCIENCE OF POULTRY AND MEAT PROCESSING – BARBUT

 

 
 39 

 
 

 
 
Figure 9.2.3.2  Automated breast meat deboning.  Courtesy of  Marel Stork. 
 Have a higher quality one if needed. 

Figure 9.2.3.1  An example of a compact leg deboning system starting from back halves. Module parts 
include the following: back half feeding, anatomic leg cutting module, whole leg skinning module,

right-hand thigh deboning module, left-hand thigh deboning module, left-hand thigh meat
harvesting module, right-hand thigh meat harvesting module, drumstick cutting module,

drumstick deboning module and drumstick meat harvesting module.
Courtesy of Stork.

In North America and Europe, deboning the dark meat and incorporating it in 
further processed or marinated products, or selling it as boneless meat, are 
important steps in obtaining a higher margin on dark meat. The equipment should 
provide high output and precise deboning (e.g., no/low occurrence of bone chips). 
The design of automated deboning equipment represents a significant challenge to 
the manufacturer because it should be capable of handling birds of different sizes 
and configurations with the same high yield. This is also the reason processors are 
looking for flocks with low variation among birds. It should also be mentioned that 
new modules are currently developed for new end products (e.g., tendon harvester 
and cartilage harvester, which were considered ‘waste’ a few years ago).  A few 
examples of equipment and concepts currently used for cutting up and deboning 
poultry are provided in this section.
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Figure 9.2.3.3  An automated leg quarter cutter.  Courtesy of Baader/Johnson, Kansas City, KS, 

U.S.A.  

Figure 9.2.3.2  Automated breast meat deboning.  Courtesy of Stork.

Figure 9.2.3.3 shows a leg quarter portioner used to cut the back half of poultry 
into leg quarters. A spring-loaded centric guidance assembly stretches and centers 
the back half (i.e., after the front half has been separated) and then a circular 
knife rotating in the opposite direction separates the back half into two quarters. 
Alternatively, the back can be cut out using double knives. The machine can 
process a few thousand pieces an hour. Usually, this operation is part of a larger 
process used to split the carcass into different portions. 

Figure 9.2.3.4 shows an advanced whole leg automatic deboning operation. The 
different cutting steps are shown in the figure. Each operation mimics the activities 
of a skilled worker, but, according to the manufacturer, can accomplish the task ten 
times faster. A major consideration in the design and operation of the equipment is 
to minimize cartilage and bone fragments in the final product while still obtaining a 
high yield. To do so, the machine first measures the precise length of the leg bones 
and calculates cutting parameters before cutting the meat. This is an example of 
a high precision cutting machine that is mainly used to debone leg meat for the 
Japanese market where the customer is looking for a whole leg meat deboned 
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without a hole in the knee cap area. This obviously makes both the equipment and 
the final product more expensive. Such automated equipment also helps reduce 
“repetitive motion injuries” suffered by employees that perform the job manually.
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Figure 9.2.3.4  A whole broiler leg deboning operation.  Courtesy of Mycom. 
Figure 9.2.3.3  An automated leg quarter cutter.  Courtesy of Baader/Johnson.

Figure 9.2.3.5.a shows an automated module system for drum stick deboning. 
Figure 9.2.3.5.b shows a whole leg automatic deboner which removes the meat 
from the thigh and drumstick in one piece (some trimming of the kneecap area is 
usually required). Overall, the concept of having different modules (e.g., drumstick, 
thigh, breast meat deboning) is gaining popularity and found in most large plants 
today. Birds can be sent to different cut-up modules depending on market needs 
(e.g., more deboned breast fillets), differential prices, the grade of incoming birds, 
etc. This allows high speed production and greater flexibility in processing birds 
for different markets. The modules shown in the figures are usually easy to adjust 
(e.g., raise, lower), so they can be positioned at various heights to facilitate handling  
different size birds,  as well as provide improved inspection, cleaning, and repair 
(see hygienic design considerations in Chapter 15). 
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Figure 9.2.3.5.a   Poultry drumstick meat deboner working by slitting and pushing the meat. 

Courtesy of Meyn.  
 

Figure 9.2.3.4  A whole broiler leg deboning operation.  Courtesy of Mycom.
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Figure 9.2.3.5.b  An automated whole leg meat deboner.  Courtesy of Foodmate.  
 

Figure 9.2.3.5.a   Poultry drumstick meat deboner working by slitting and pushing the meat.
Courtesy of Meyn.
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Figure 9.2.3.6   A very precise breast meat deboner used by the Japanese market.  Courtesy of 

Mycom. 
 

Figure 9.2.3.5.b  An automated whole leg meat deboner.  Courtesy of Foodmate.

Figure 9.2.3.6 shows a sophisticated breast meat deboner used by the Japanese 
market. This machine also starts with precise measuring (e.g., bone ends, width of 
the portion) and then calculates the best cutting strategy before cutting, while the 
breast cup is firmly secured on a moving carrier. Quality and presentation of the 
deboned meat are also very important features of this machine.
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Figure 9.2.3.7  Installation of an x-ray machine.  Courtesy of Stork. 
 

Figure 9.2.3.6   A very precise breast meat deboner used by the Japanese market.  Courtesy of Mycom.
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A very important factor in selling deboned meat is the guarantee that it is free 
of bones and bone chips (e.g., various large fast food chains require a letter of 
guarantee from the supplier). In order to ensure that the meat is bone free, various 
light tables and x-ray machines are used to inspect the meat. Light tables can be 
used to inspect the meat but are limited to thin skinless slices. Figure 9.2.3.7 shows 
an installation of an x-ray machine on a production line. The equipment has to be 
calibrated and a threshold set. High speed lines are also equipped with a device 
that can remove/kick out portions with bones so quality control staff can examine 
and remove the bone. The x-ray pictures can be saved and presented on a screen 
to help the operator quickly identify the bone location. The information can also 
be used for training. Modern software can identify foreign bodies in colour and 
display them on the screen (i.e., can also provide a smart solution for automatic 
positioning of affected meat cuts).
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Figure 9.3.1  Laser guided high speed slicing machine.  The meat cut is first weighed (on a high 

speed moving belt) then scanned by laser to determine the volume and then slices 
according to pre-programed specifications.  Picture showing meat cuts coming out 
of the machine.  The machine is capable of performing a few hundred cuts per 
minute.  Courtesy of Marel.  

 

Figure 9.2.3.7  Installation of an x-ray machine.  Courtesy of Marel.

9.3 Automated Portioning – Boneless Meat

The industry uses various methods to portion meat ranging from traditional 
manual cutting to fast, automated cutting by laser guided machines or water jet 
cutters. Figure 9.3.1 shows a fast moving blade capable of performing over 1000 
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cuts per min. While on a moving conveyor belt, the meat portion to be cut (e.g., 
chicken breast fillet, pork roast, fish) is first weighed and then scanned by laser to 
produce a 3D image. This information is analyzed and a computer calculates cut 
locations that achieve precise weight and shape specifications. Cutting the meat 
portion also occurs on the moving conveyor belt.
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Figure 9.3.2  Water jet cutting of meat. Below is an illustration of the camera and jet directing 

systems.  Courtesy of JBT.   
 

Figure 9.3.1  Laser guided high speed slicing machine.  The meat cut is first weighed (on a high
speed moving belt) then scanned by laser to determine the volume and then sliced according to

pre-programed specifications.  Picture showing meat cuts coming out of the machine.  The
machine is capable of performing a few hundred cuts per minute.  Courtesy of Marel.

Figure 9.3.2 shows another portioning concept employed by the meat industry 
that utilizes a high-pressure water jet. While on a moving conveyor belt, the meat 
portion is first photographed from different angles to obtain a 3D image that is 
used for calculating cutting lines to meet weight and shape requirements. Then 
the meat portion is moved to a place where it is cut by one or more water jets 
positioned above the product. The processor has quite a few options in portioning 
(e.g., breast meat into nuggets, fillets and “butterflies”). The machine is computer 
controlled and information concerning meat and fat densities is used to calculate 
the appropriate volume needed to obtain a certain weight of each cut. The 
equipment can handle about 80 “butterfly” cuts per minute and provides accurate 
and high throughput performance. Capital investment and maintenance costs are 
much higher than the mechanical cutter described above because of the need to 
provide ultra-high water pressure, a very good water filtering system, etc.
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Figure 9.3.2  Water jet cutting of meat. Below is an illustration of the camera and jet directing systems.  

Courtesy of JBT.
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Figure 9.3.3 shows an example of a machine used to cut uniform, pre-determined 
volume and shape portions commonly used by the fast food industry. The cavities 
shown on the moving belt can be different sizes and usually are also fitted with a 
vacuum option located at the bottom part (i.e., to allow better filling of the meat 
portion). 
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Figure 9.3.3  Machine to cut pre-determined portions by using a fixed mold approach.  Courtesy 
of Marel.  

 

 
 

 
Figure 9.4.1  Illustration showing the principle operation of a rotating type auger used to harvest 

mechanically deboned meat. (1) auger pushing the material into the separator, (2)  
adjustment to head pressure, (3) meat exiting after going through the screen (4)  
residue exit point.  Courtesy of Marel. 

 

 
 

 
Figure 9.4.2  Illustration showing the principle of operation a hydraulic press type equipment for 

harvesting mechanically deboned meat.  Top drawing shows meat going in; middle 
drawing shows compression phase and recovery of meat; bottom drawing shows 

Figure 9.3.3  Machine to cut pre-determined portions by using a fixed mold
approach. Courtesy of Stork.

9.4 Mechanically deboned meat

The large increase in the demand for cut-up poultry has resulted in leftover 
frames at the processing plant. Residual meat on the necks and backs of hand-
deboned or automated-cut poultry is usually harvested by mechanical deboning 
equipment and the meat obtained is called mechanically deboned meat (MDM) 
or mechanically separated meat (MSM). Sometimes the species name is also 
included; e.g., mechanically deboned chicken/turkey/beef meat. The equipment is 
sometimes used for deboning whole spent hens or meat from parts that would not 
yield a high-priced product that would justify the cost of hand deboning (e.g., neck 
meat). However, in places where neck meat is praised (e.g., Japan) hand deboning 
is seen. The first mechanical deboner was developed in Japan in the early 1940s for 
fish meat (described further, below). Salvaging the meat after hand filleting can be 
of great economic importance, and the resulting minced meat is successfully used 
for making other further processed products (e.g., fish patties, poultry frankfurters). 
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Currently there are three basic types of deboners on the market: 

a.  A belt-drum system that was first developed for fish but later adapted for 
poultry and other soft tissue meats. The meat and bone particles are passed between 
a rubber belt and a perforated steel drum. The meat is squeezed through the holes 
of the drum while the harder bones and connective tissue remain outside. Pressure 
on the belts can be adjusted and sometimes pressure rollers are used to ensure 
an even distribution of tissue on the belt (Field, 1988). This is a mild separation 
method and usually results in higher muscle structure integrity than the two other 
methods.

b.  A rotating auger system resembles the inside of a conventional meat grinder. 
First, bones and frames are pushed through a bone cutter to reduce particle size. 
Then the ground mixture is introduced into a screw-driven boning head where 
the material is pressed (i.e., with increasing pressure as it moves along) and the 
meat is squeezed out through holes in the perforated steel cylinder encasing the 
auger (Fig. 9.4.1). Hole size can be adjusted and is usually around 0.5 mm. Bone 
and connective tissue particles that cannot pass through the perforated cylinder are 
pushed forward and exit at the end.
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Figure 9.3.3  Machine to cut pre-determined portions by using a fixed mold approach.  Courtesy 
of Marel.  

 

 
 

 
Figure 9.4.1  Illustration showing the principle operation of a rotating type auger used to harvest 

mechanically deboned meat. (1) auger pushing the material into the separator, (2)  
adjustment to head pressure, (3) meat exiting after going through the screen (4)  
residue exit point.  Courtesy of Marel. 

 

 
 

 
Figure 9.4.2  Illustration showing the principle of operation a hydraulic press type equipment for 

harvesting mechanically deboned meat.  Top drawing shows meat going in; middle 
drawing shows compression phase and recovery of meat; bottom drawing shows 

Figure 9.4.1  Illustration showing the principle operation of a rotating type auger used to harvest 
mechanically deboned meat. (1) auger pushing the material into the separator, (2)  adjustment

to head pressure, (3) meat exiting after going through the screen (4)  residue exit point.
Courtesy of Townsend.

c.  A hydraulic press pushes the meat and bones against a perforated plate in 
a batch type system (Fig. 9.4.2). The bones can also be pre-cut prior to being 
introduced into a chamber. Inside, the material is forced against a stationary, slotted 
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surface/plate by a hydraulic-powered ram piston that squeezes the soft meat tissue 
through the cylinder openings (usually 1.0 – 1.5 mm in size). Later the residual 
bones and connective tissue are removed from the chamber.
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release of bone residue.  Courtesy of Marel. 
 

 
 
 
 
 
 

 

 

 

 

Figure 9.4.2  Illustration showing the principle of operating a hydraulic press type equipment for 
harvesting mechanically deboned meat.  Top drawing shows meat going in; middle drawing

shows compression phase and recovery of meat; bottom drawing shows release of bone
residue. Courtesy of Townsend.

Because of the pressure used to separate the meat, the resulting texture of the MDM 
is that of a minced/finely chopped product (i.e., a paste-like consistency in which 
the myofibrils are quite fragmented). Under the microscope, breaks in the Z-line 
and distortion of the sarcomere can be seen. The paste-like texture is suitable for 
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finely chopped meat products such as frankfurters and bologna (see Chapter 13). 
The meat can also be used in a coarse-ground product where comminuted meat 
is used to fill the gaps and help form a cohesive matrix. An example is a smoked 
turkey sausage where coarse hand deboned meat pieces are embedded within a 
homogeneous, finely chopped meat matrix.

During mechanical deboning, cell membranes are broken, which makes the meat 
more susceptible to lipid oxidation as enzymes are released. In addition, oxygen 
exposure and heme and lipid extraction from bone marrow also makes the meat 
more susceptible to rancidity (Froning, 1981; Field, 1988; USDA, 1994; Daros et 
al., 2005). The meat processor’s goal is to minimize oxidative rancidity and this 
can be done by oxygen exclusion (vacuum packaging), the addition of vitamin E 
to the diet of the animal, and/or the addition of antioxidants to the further processed 
meat product. The rate of lipid oxidation is also influenced by the pressure used 
during the deboning process. Higher pressures will result in higher yield (Table 
9.4.1) but will also increase the amount of heme iron and the proportion of certain 
unsaturated fatty acids in the sample. The results reported here refer to using an 
auger-type deboner equipped with a 10 cm boning head, set at 1 mm spacing. 
A high pressure of 150 lb/in2 almost doubled the yield, but it also increased iron 
content by about 70%. Most of the increase in iron content has been reported to 
be hemoglobin (Froning, 1981). It should be noted that heme content may also 
vary depending on age of the bird. Calcium also significantly increased when 
deboner head pressure was raised (Table 9.4.1). In many countries, calcium 
content and bone fragments in meat are regulated (Froning, 1981; Daros et al., 
2005). In North America no more than 1% bone particles can be present in the 
product and machines should be adjusted to operate at these levels. Bone particle 
size is also important because large fragments can result in a gritty texture and, 
more importantly, can hurt the consumer. Therefore, bone size is included in 
the regulations where usually 90% of the bone particles cannot exceed 0.5 mm 
and no particle can exceed 0.85 mm. This ensures removal of bone particles that 
could cause problems (e.g., chip a tooth). However, large bone chips (> 1 mm) 
are sometimes found in regular hand deboned meat. In North America, MDM is 
usually not allowed in infant formulations, and some governments also limit the 
use of MDM in children’s food (usually < 20%) because of concerns regarding 
excessive fluoride intake. 

The meat’s microbial quality is an important food safety issue as the meat can 
quickly deteriorate if the product is not handled properly. An important factor 
contributing to higher rates of microbial degradation is the mixing of exposed, 
more contaminated surface tissues with cleaner, internal muscle tissues. Overall, 
it is recommended that raw materials (backs, necks, and frames), be chilled to 
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4°C or below within an hour of the hand deboning operation. According to 
the USDA, they should be frozen at -18°C if they are not used within 72 hr. 
Recovered meat should be used within 24 hr of being separated; otherwise it 
should be frozen. During the mechanical deboning process, the temperature rises 
due to friction within the deboning head (e.g., 1–6°C during grinding and 5–7°C 
during deboning). To minimize microbial growth, effective chilling during and 
after the deboning process is required. Chilling is commonly done by mechanical 
refrigeration or cryogenic agents such as carbon dioxide snow or liquid nitrogen. 
Cryogenic agents can be added or sprayed directly onto the product; however, 
some reports suggest that CO2 might contribute to lipid oxidation (i.e., due to some 
pH decline), especially if the meat is frozen more than six months. 

Table 9.4.1  Effect of deboner head pressure on the chemical composition and yields of mechanically 
deboned whole roaster breasts (bone in, skin on) vs. composition of meat obtained by a

hand-deboned meat operation.  Adapted from Barbut et al. (1989).

Pressure 
(lb/in2)

Moisture 
(%)

Protein 
(%)

Fat
(%)

Ash 
(%)

Calcium 
(ppm)

Iron 
(ppm)

Palmetica 
(%)

Yield 
(%)

Mechanically deboned
40 69.82b 20.65b 8.13b 1.05cd 582c 10.00c 23.0bc 45
75 70.37b 20.76b 7.88b 1.04cd 534c 11.70c 22.8bc 44
120 70.28b 20.10b 8.47b 1.12bc 568c 10.60c 24.7bc 42
150 71.05b 20.68b 6.78c 1.23b 764b 17.85b 27.3b 82

Hand deboned
73.20c 23.67c 3.10d 0.94d 164d 6.25d 20.1c –

aPercent of total fatty acids.
b–dMeans in the same column with different superscripts are significantly different (P<0.05).

Mechanically deboned meat is usually sold by fat and protein content. Fat content 
in the final, raw MDM is determined by the raw materials used (e.g., skin on or 
off). In the US, for example, the meat is marketed under two main categories. The 
first has a maximum fat limit of 30% and a minimum protein content of 14%, 
while the second does not have fat or protein limits.

During the past few years the industry has focused on creating MDM with a more 
meat-like texture. Texture preservation can be achieved by machines that cause 
less cellular damage (e.g., disruption) and leave more of the muscle structure 
intact. The industry is also looking into developing surimi-like products, based on 
the old Japanese technology that refers to washing minced fish meat (Dawson et 
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al., 1989; Daros et al., 2005). The washing process is designed to remove some 
of the enzymes, fat, and heme from the myofibrillar proteins. The final product 
is generally whiter and possesses good gelation and binding characteristics. In 
the fish industry, minced and washed meat is used to make surimi-type products 
(e.g., seafood analogues including imitation shrimp and crab leg). In that case, the 
initial raw material is not suitable for human consumption (e.g., small fish, high 
content of thin bones). After harvesting, the fish is mechanically deboned, washed, 
and processed in a special way to form a muscle-like texture (i.e., extruded in a 
string-like configuration and later twisted to form a rope-like structure). Dawson 
et al. (1989) studied the washing process of mechanically deboned poultry meat 
and investigated the application of different washing solutions (e.g., tap water, 
phosphate buffer, 0.1 M sodium chloride, and 0.5% sodium bicarbonate). Sodium 
bicarbonate was most effective in removing heme proteins and increasing the 
lightness of the washed meat. The washed meat was found to have very good 
gelation properties and had a light colour resembling white breast meat.

9.5 Meat Composition

Meat has been consumed as part of the human diet for thousands of years. It is a 
good source of high-quality protein, B vitamins, and minerals, whether the meat 
source is poultry, beef, pork, fish, or even insects. The fact that poultry is considered 
to be relatively inexpensive (e.g., compared to some other red meats) and a good 
source of lean meat has resulted in a significant increase in its consumption around 
the world (see Chapter 2). Overall, the dietary contribution of poultry meat is 
dependent on the culture, availability, and nutritional value. Table 9.5.1 shows 
the meat composition of selected poultry species. Turkey meat is usually lower 
in fat than chicken, while goose and duck meat are higher in fat. The presence 
of skin on a poultry meat cut will increase the fat level of the portion because 
skin includes subcutaneous (under the skin) fat. As fat content increases, moisture 
content decreases (Table 9.5.1). Therefore, it is commonly said that there is an 
inverse relationship between moisture and fat. Protein content, however, is not 
affected as much by this change. Higher fat also translates to a higher caloric value, 
but in general, poultry is considered a lean meat when compared to red meats. 
Another important difference is that poultry fat is less saturated than beef and pork 
fat (Table 9.5.2) and, therefore, has a more favorable image. Higher unsaturation 
results in a lower melting point of the fat (Table 9.5.2), which has implications 
regarding fat stability to lipid oxidation (i.e., a higher degree of unsaturation makes 
the fat less stable) and allowable chopping temperature when preparing a meat 
emulsion (see Chapter 13). Overall, poultry meat consumers can obtain a very lean 
product by removing the skin because, unlike red meat animals, most of the fat is 
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deposited subcutaneously rather than intramuscularly, which means that there is 
no fat marbling in chicken breast fillets.

Table 9.5.1  Composition and nutritional value of different raw poultry meats. From USDA (2011).

Source of Meat Water
%

Protein
%

Fat
%

Calcium
(mg)

Iron
(mg)

Calories
(kcal)Species Meat Skin

Chicken White + 68.6 20.3 11.1 0.86 0.8 186
– 74.9 23.2 1.6 0.98 0.7 114

Dark + 65.4 16.7 18.3 0.76 1.0 237
– 75.9 20.1 4.3 0.94 1.0 125

Turkey White + 69.8 21.6 7.4 0.90 1.2 159
White – 73.8 23.5 1.6 1.00 1.2 115
Dark + 71.1 18.9 8.8 0.86 1.7 160
Dark – 74.5 20.1 4.4 0.93 1.7 125
All + 70.4 20.4 8.0 0.88 1.4 160

Duck All + 48.5 11.5 39.3 0.68 2.4 400
Goose All + 50.0 15.9 33.5 0.87 2.5 370

All – 68.3 22.7 7.1 1.10 2.5 160
Quail All + 69.7 19.6 12.1 0.9 3.9 192
Pheasant All + 67.7 22.7 9.3 1.3 1.1 180
Pigeon All + 48.1 15.7 20.2 1.0 – 250
Expressed on a 100 gram portion of meat with/without skin.

The nutrient compositions of various poultry species and portions are shown in 
Table 9.5.1. This information was obtained from a very large database established 
by the USDA. The database contains information on many foods and is revised 
periodically (USDA, 2011). Overall, white chicken meat is very high in protein, 
20% with skin and 23% without. When the skin is removed, the fat level drops 
from about 11% to 1.6%. More detailed nutrient composition data for raw light 
chicken meat with skin are provided in Table 9.5.3, which also relates composition 
to the cooking method. Cooking methods affect nutrient composition in different 
ways. While stewing results in the highest protein content, roasting and frying 
also elevate protein content as moisture and fat are lost. Stewing, which reduces 
cooking losses, results in a moister product compared to roasting. However, as 
discussed in Chapter 17, protein denaturation during the cooking process results in 
a lower water-holding capacity. 
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Table 9.5.2  Fatty acid composition of fat deposits associated with skin (poultry) and
subcutaneous tissue (beef and pork).  Adapted in part from Arberle et al. (2001).

Fatty Acid Formula
% Fatty Acid in Fat

Chicken Beef Pork
Palmitica C16:0 26 27 28
Stearica C18:0 7 21 12
Palmitoleic C16:1 (9c) 7 2 3
Oleic C18:1 (9c) 20 42 47
Linoleic C18:2 (9c, 12c) 21 2 6
Linolenic C18:3 (9c, 12c, 15c) – 0.5 0.7
Arachidonic C20:4 (5c, 8c, 11c, 14c) 0.6 0.4 0.8
% Saturated 33 54 42
% Unsaturated 67 46 58
aExamples of unsaturated fatty acids. (Note: the other fatty acids are unsaturated; 
only major fatty acids are listed in the table).

Frying the product, after it has been battered and breaded (22% coating in the 
example provided in Table 9.5.3), raises the carbohydrate content from 0 to 9.5%, 
the total fat content from 11 to 17%, and the proportion of saturated fatty acids. The 
cholesterol level remains similar to that of the roasting method because vegetable 
oil used for frying does not contain cholesterol. Heat-sensitive, vitamins such as 
ascorbic acid, can be significantly reduced by high temperature frying.

As reported in Table 9.5.4, yields are also affected by cooking method. Variations 
within the same cooking method can also be expected due to cooking temperature, 
time, previous treatments (e.g., marination), and processing history (e.g., freezing, 
chilling). 

The composition of different poultry species can vary depending on the bird’s size, 
breed, feed, etc. The composition of turkey meat (Table 9.5.1) is fairly similar to 
that of broiler meat but turkeys are bigger, produce more meat, and the ratio of 
skin to meat is lower than in broilers (i.e., proportionally, there is less skin per 
lean meat mass). This can be seen when comparing the skin-on light turkey meat 
(7.0% fat) and chicken meat (11.0%). The same is true for dark meat. Average 
cooking yields for young turkey hens and toms are provided in Table 9.5.4 and 
they are higher than yield for chicken because the ratio of bone to meat is lower in 
the larger turkey. 



 9-35THE SCIENCE OF POULTRY AND MEAT PROCESSING – BARBUT

Table 9.5.3  Effect of three different cooking methods on the nutritional composition of light
chicken meat with skin. From USDA (2011).  http://ndb.nal.usda.gov/ndb/foods/

Nutrients and Units
Mean Values in 100 Grams, Edible Portion
Raw Fried Roasted Stewed

Proximate:

   Water g 68.6 49.4 62.51 53.01

   Food energy               kcal 186 289 190 285

   Protein (N X 6.25) g 20.27 22.55 20.37 26.88

   Total lipid (fat) g 11.07 17.35 11.38 18.87

   Carbohydrate, total g 0 9.5 0 0

Minerals:

   Calcium mg 11 18 10 11

   Iron mg 0.79 1.26 1.07 1.16

   Magnesium mg 23 18 17 17

   Phosphorus mg 163 132 155 153

   Potassium mg 204 157 180 155

   Sodium mg 65 250 75 62

   Zinc mg 0.93 1.46 1.23 1.50

Vitamins:

   Thiamin mg 0.059 0.98 0.05 0.080

   Riboflavin mg 0.086 0.161 0.120 0.200

   Niacin mg 8.908 5.987 6.305 4.928

   Vitamin B6 mg 0.48 0.264 0.29 0.212

   Folacin mcg 4 21 4 4

   Vitamin B12 mcg 0.34 0.24 0.23 0.2

   Vitamin A IU 99 79 71 33

Lipids:

   Saturated, total g 3.91 4.00 3.20 4.34

   12:0 g 0.01 0.01 0.01 0.01

   14:0 g 0.09 0.09 0.09 0.08

   16:0 g 2.33 2.76 2.25 2.07

   18:0 g 0.63 1.2 0.62 0.56

   Monounsaturated, total   g 4.52 6.02 4.59 6.11

   16:1                               g 0.6 0.45 0.57 0.53

   18:0              g 3.74 5.79 3.51 3.23

   20:1                              g 0.12 0.09 0.12 0.11

2.34 3.48 2.48 3.59

http://ndb.nal.usda.gov/ndb/foods/


9-36 CHAPTER 9: PORTIONING, DEBONING AND FRESH MEAT COMPOSITION

Nutrients and Units
Mean Values in 100 Grams, Edible Portion
Raw Fried Roasted Stewed

   Polyunsaturated, total

   18:2                              g 2.07 3.24 1.98 1.83

   18:3                              g 0.10 0.18 0.09 0.08

   18:4                              g – – – –

   20:4                              g 0.06 0.07 0.09 0.08

   20:5                              g 0.01 0.01 0.01 0.01

   22:5                              g 0.01 0.01 0.02 0.02

   22:6                              g 0.02 0.02 0.03 0.03

   Cholesterol                       mg 67 84 84 74

Amino Acids:

   Tryptophan g 0.227 0.268 0.326 0.294

   Threonine  g 0.839 0.963 1.202 1.084

   Isoleucine                          g 1.015 1.171 1.458 1.316

   Leucine                             g 1.477 1.723 2.119 1.91

   Lysine g 1.654 1.841 2.374 2.142

   Methionine g 0.541 0.616 0.776 0.699

   Cystine g 0.27 0.326 0.385 0.347

   Phenylalanine g 0.788 0.938 1.13 1.019

   Tyrosine g 0.655 0.762 0.94 0.848

   Valine g 0.985 1.147 1.412 1.273

   Arginine g 1.268 1.445 1.811 1.629

   Histidine g 0.597 0.682 0.858 0.774

   Alanine g 1.177 1.334 1.679 1.509

   Aspartic acid g 1.807 2.04 2.587 2.33

   Glutamic acid g 2.967 3.75 4.254 3.835

   Glycine g 1.291 1.466 1.823 1.629

   Proline g 0.973 1.238 1.381 1.238

   Serine g 0.714 0.869 1.021 0.919

Duck meat (Table 9.5.1) is fattier than broiler and turkey meat, partially because 
ducks are migratory birds that accumulate fat and the environments in which they 
live (i.e., water) require more insulation. Iron content (i.e., heme pigment) is also 
higher so the meat appears much darker than chicken and turkey meat. This is 
related to the fact that the breast muscle in wild ducks has a high proportion of red 
fibers to support endurance during long distance flying (see Chapter 3); however, 
in some more domesticated ducks fat content can be high, especially if skin is left 
on.
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Table 9.5.4  Cooking yields for cooked poultry meat cooked under different conditions.
From USDA (2011).

Product Cooking 
Method Meat Parta with 

Bone Meatb Only Meatc and 
Skin

Chicken
   Broiler Roasted all 66 77 65

light 68 73 68
dark 64 75 63

Stewed all 75 79 73
light 78 80 77
dark 73 78 69

Turkey
   Young hen Roasted all 73 77 74

light 76 81 78
dark 70 72 70

   Young tom Roasted all 72 72 71
light 73 76 73
dark 70 67 67

aAs % of raw part with bone.
bAs % of raw meat without skin.
cAs % of raw meat, skin and separable fat.

It is also important to realize that diet of the monogastric birds can significantly 
affect meat composition. Fat content and composition are particularly sensitive to 
feed type. In general, high-energy diets and low-protein diets have been shown to 
increase carcass fat. It is also possible to modify the fatty acid profile in poultry meat 
by manipulating the fat source in the diet (Yau et al., 1991). Over the past decade, 
an increased interest in producing meat with an appealing nutritional profile has 
resulted in studying the effects of incorporating more unsaturated fat, particularly, 
omega-3 fatty acids in animal feeds. These fatty acids have been reported to assist 
in the prevention of vascular diseases and some immunological disorders and 
are also important in early neural development. Flaxseed and menhaden oil are 
commonly considered ingredients for trying to increase omega-3 fatty acids in 
chicken meat; however, α-linolenic acid deposition results from feeding chickens 
the former, while the omega-3 fatty acid level responds to the latter. Any omega-3 
fatty acid deposition is usually proportional to its dietary concentration, although 
the incorporation of omega-3 fatty acids into poultry meat is a gradual process. 
Gonzalez-Esquerra and Leeson (2000) have shown that α-linolenic acid was 
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preferentially deposited in dark meat, and long-chain omega-3 fatty acids were 
preferentially deposited in white meat. Breast meat sensory quality was not affected 
in birds given 100 g/kg flaxseed for 14 days (treatment a), 7.5 g/kg menhaden oil 
for 14 days (treatment b) or 100 g/kg flaxseed + 0.75 g/kg menhaden oil for seven 
days (treatment c). In contrast, thigh meat sensory quality decreased in treatments 
b and c, which suggested that excessive levels can decrease sensory acceptability. 
Feeding flaxseed and menhaden oil to birds for just seven days prior to slaughter 
resulted in significant enrichment of omega-3 fatty acids, depending on their 
dietary concentrations. Overall, the α-linolenic acid and long-chain omega-3 fatty 
acids showed preferential deposition in dark and white meat, respectively, which 
may affect the sensory quality of various portions differently. This is an important 
difference from cows where feed material is fermented more in the stomach and 
modification of the fatty acid profile in the meat is much more difficult.
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