
 achievements of the ongoing breeding for rapid growth and higher BW (since the 1950’s) 

 negative consequences  abnormalities = polygenic ‘defects’ (each was considered a ‘selection limit’…)

 genetic mitigation of defects  overcoming each ‘selection limit’
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Outlines (years of my own research)

 Genetic elevation in growth rate (and feed intake, meat yield, etc.)

 Excessive fat deposition (1980-1992)

 Leg problems (very brief)

 Ascites (1993-2008)

 Susceptibility to heat (1990-2015)  not a ‘defect’

 Breast muscles myopathies (2015-2023)



Early history of breeding chickens for meat production (broilers)

 During 1940’s (WW2), chicken meat became much more popular in North America. 

Mechanized processing as well as cold-chain shipping and marketing were developed

 Since the late 1940’s, rapid growth, as the main determinant of efficient meat production

became the most important objective of broiler breeding programs

 Rapid growth is essential for efficient meat production

More efficient utilization of:        1. feed            2. facilities             3. labor

 Slow-growth = lower efficiency
 elevated negative environmental impacts

 elevated production costs  higher products’ prices



Genetic improvement in growth rate since 1950’s (#2)

Zuidhof et. al. (2014) conducted trial with three broiler strains: two research strains kept in the university with no selection 

from 1957 and from 1977, and they were compared with commercial Ross 308 broilers (in 2005, the year of the trial)

Typical broiler from each strain was photographed at hatch, at 3 ages: 0 days, 28 days and 56 days.

The three strains were reared together with standard feed but low stocking density.



Genetic elevation in growth rate since 1950’s

Growth curves of strains kept without selection from 1957 and from 1977, and Ross 308 broilers in 2005

Weekly average daily BW gain (grams per day) are also shown on the graph 
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Genetic elevation in feed consumption since 1950’s

Cumulative feed intake curves of ‘1957’, ‘1977’, and Ross 308 in 2005

Weekly average daily feed consumption (g/d) are also shown on the graph 
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From 1957 to 1977, 

daily feed consumption 

towards marketing age 

(8+ wk) almost doubled!

Rapid growth is driven 

by higher feed intake!



Excessive Fatness - consequence of elevated feed consumption

 The excessive fat deposition became an economical problem for the broiler industry

during the 1980’s, mainly due to the negative attitude of consumers towards carcass fat.

 Selection for rapid growth has been elevating the appetite (voluntary feed consumption).

The elevation in daily intake of dietary energy increased average body fat deposition.

 Much research was done on biological and practical aspects of fat deposition in broilers

 Due to the apparent genetic association between growth and excessive fatness, 

the breeding companies suggested more expensive diets (high protein, low energy) and

costly processing practices, trying to mitigate the excessive fatness in commercial broilers.





Contemporary broilers (1991, 2001) were slaughtered at 6 (), 8 () and 10 () wks

The adnominal fat weights of each bird are plotted versus its live body weight (BW) 

Positive correlation of fat and BW supposedly hinder combined selection for high BW and low fat.

Abdominal fat data from Havenstein trials (Havenstein et al., 1994 and 2003) show why 

selection for higher BW could be combined with selection against excessive fatness
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But the association is modest and a-symmetrical, facilitating selection for lean heavy genotypes, once identified



Contemporary broilers 

(1991, 2001) were 

slaughtered at 6 (), 

8 () and 10 () wks

The breast meat and 

the adnominal fat

weights of each bird 

are plotted versus its 

live body weight (BW) 

Most whole-body and body-part associations (=correlations) are very high symmetrical…
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Positive correlation of fat and BW supposedly hinder combined selection for high BW and low fat.

Females
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0.747
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But the association is modest and a-symmetrical, facilitating selection for lean heavy genotypes, once identified

Excessive fatness has been successfully mitigated by the on-going selection for better FCR

and for higher breast meat yield,  because water content is ~80% in muscles and only ~20% in fat tissues

Carcass fat is accurately measured on slaughtered birds, but that allows only sib-selection against excessive fatness.

For the more efficient individual selection, fatness of live birds should be assessed, but no feasible way was found.



Feed accounts for 60-70% of the total costs of chicken meat production; 

Therefore it has been highly desired to improve the feed conversion ratio (FCR)

Breeding to improve the efficiency of feed utilization     (skip this slide)

FCR =
Total FC (feed cons.)

Final body weight

Maintenance FCR improves 

by faster growth (another slide)

Total feed consumption (FC), from hatch to marketing, consists of two components:

Feed consumed for body maintenance +  Feed consumed for growth

Excessive fatness has been successfully mitigated by the on-going selection for better FCR

(and also by the direct selection for higher breast meat yield)

Water content is ~80% in muscles  and only  ~20% in fat tissues,

1 gram feed deposited in muscles,  adds  5 gram body weight (1 gram ‘dry matter’ + 4 gram water)

1 gram feed deposited in fat tissue, adds 1.25 gram body weight (1 gram ‘dry matter’ + 0.25 gram water)

Body weight increases 4-times more by nutrients deposited in muscles than in fat tissues

FC maintenance

Body weight

Growth FCR improves as the broilers deposit less fat and more muscles

FC growth 

Body weight gain
+=



Portable X-ray machine (Lixiscope) 

facilitated large-scale selection 

by identifying the broilers prone to 

develop TD, and culling them out.

Breeding against leg problems

Leg problems emerged in 1980’s and increased as broilers grew faster, and to higher body weight (BW)

Tibia Dyschondroplasia (TD) was identified as the main cause for these problems 

The a-symmetrical association between the incidence of TD and BW 

(as between excessive fatness and BW) allowed successful breeding 

against TD, without compromising the rapid growth and high BW

This heritable defect affects heavy broilers, but not related genetically to BW



The use of portable X-ray machine to identify the individuals prone to develop TD and cull them out, 

is a routine on-going practice in all broiler breeding programs.  (picture and text from Aviagen’s website)
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The genetic association between growth rate and ascites was evident:

 The incidence increased from 1980’s, as broilers were bred to grow faster

 Results from controlled studies that we conducted during the 1990’s 

(e.g. Deeb, Shlosberg and Cahaner, 2002)

Ascites syndrome

Ascites syndrome develops in broilers 

suffering from insufficient supply of oxygen

Sire family potential growth rate

(LSM of BW on Day 37)
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Broilers with higher growth rate need more oxygen, hence more prone to develop ascites

Broilers with the ascites syndrome accumulate ascitic fluid, 

stop growing, and many of them die shortly before marketing.



Sire family potential growth rate

(LSM of BW on Day 37)
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Association between growth rate and incidence of ascites was evident from controlled studies  

Deeb, Shlosberg and Cahaner, 2002



Sire family potential growth rate

(LSM of BW on Day 37)
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But this association is a-symmetrical…

as the associations of BW with excessive fatness and with leg problems (TD)

Association between growth rate and incidence of ascites was evident from controlled studies  

The genotypes with 

high growth rate and 

low ascites incidence 

selected as breeders

No genotypes 

here!

Deeb, Shlosberg and Cahaner, 2002



Broilers with ascites (mean BW=1.5 kg)

In the same flock:

Healthy broilers (mean BW=2.5 kg)

They were healthy in spite of their rapid growth to a high BW

Genetic differences in susceptibility to Ascites

They were truly genetically resistant!

Identifying and culling susceptible individuals was expected 

to genetically reduce ascites incidence in broiler stocks 

Broilers reared (in 2002) under extreme ascites-inducing 

conditions, and many of them died from ascites.

At 38 days, all surviving broilers were inspected for ascites



Broiler stock advertisements at the 1990’s

When breeding stocks were reared at high altitudes, mortality of ascites-susceptible 

individuals led to natural selection, and improved the stocks’ resistance to ascites 

This approach does not allow multi-trait breeding program, therefore breeding companies 

moved to indirect measurement of live broilers’ capacity to meet higher oxygen demand



At the early 2000’s we suggested that ascites develops due to heritable sub-clinical cardiopulmonary defect, expressed 

in broilers challenged by oxygen deficiency, either externally (low temp, low O2), or internally (high metabolism), or both.

We predicted that in ascites-resistant stocks, all broilers can fully express their genetic potential for high feed intake, 

rapid growth, and high body weight,  even under ascites-inducing conditions

Breeding against the tendency to develop ascites

This expectation proved true:  despite the ongoing elevation in growth rate, ascites is now very rare

Individuals with this defect can be detected 

by low levels of blood oxygen saturation

(indicating poor cardiopulmonary function) 

and culled from the breeding populations

Veterinary Oximeter (pictured), 

detects the bird’s heart beat 

(345 b/m here) from the wing, 

and then accurately measures 

oxygen saturation (96% here).
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New defects: breast muscle myopathies

During the last 15 years, 3 breast muscle myopathies emerged in 

flocks reared under conditions allowing rapid growth to high BW

Normal breast

White Striping

Wooden BreastSpaghetti Meat

WS White Striping (Striation)    (first reports in 2007)

WB Wooden (Woody) Breast   (first reports in 2011)

SM Spaghetti (Stringy) Meat    (first reports in 2015)

Due to their substantial negative impacts, especially of WB around 2016-2020, these myopathies 

were considered by many as limits to further selection for higher growth rate and breast meat yield



Link in WPSA Newsletter, August edition (https://www.wpsa.it/home/index.php?option=com_content&view=article&id=254&Itemid=187)



Positive yet a-symmetrical association 

with body weight and breast yield 

suggest the feasibility of breeding for 

improved performance combined with 

less WS and WB (as done previously 

with lower fatness and less ascites)

WS and WB, scored on individual broilers using gradual 3-levels scale: 0 / 1 / 2 (from none to severe), 

plotted by individual body weight, breast weight, and breast yield (% of body weight) of females+males

WB (Wooden Breast)

WS (White Striping)



Spaghetti Meat (SM), scored on individual broilers using 5-levels gradual scale: 0 / 0.5 / 1 / 1.5 / 2 (from none to severe) 

and plotted by body weight, breast weight, and breast yield (% of body weight)  of females and of males

SM in Males

The a-symmetrical association 

with body weight and breast yield 

(in females and males) suggest the 

feasibility of breeding for improved 

performance combined with lower 

incidence and severity of SM

(also as done previously with 

lower fatness and less ascites)

SM in Females



The differences between lines A and B in the incidence 

of myopathies indicate substantial genetic background

The very low heritabilities of WB are not indicative -

the WB incidence in the reported lines was very low



Document on BMM, published by Aviagen in 2019



Document on BMM, published by Aviagen in 2019

(paragraph on Genetics and Breeding)







Incidences of 3 breast muscles myopathies in 2021, 2022, and 2023

Data from a slaughterhouse in Italy;  about 1000 flocks/year from each gender

Over the last 3 years:

Reduction in % White Striping (WS)

Reduction in % Wooden Breast (WB)

No reduction in % Spaghetti Meat (SM)

(females in 2023 – increase in SM?)

Currently, Spaghetti Meat is the main cause 

of meat-quality losses, mainly in females





Defeathering (plucking) machines in modern slaughter houses

Each defeathering machine has 

many of rubber ‘fingers’ mounted 

on disks arranged in multiple rows. 

The rapidly rotating fingers remove 

the feathers by repeatedly beating 

the shackled broilers (post scalding). 

The vigor of defeathering can 

vary due to number of machines,  

position and number and speed 

of the fingers, and their hardness 

(indicated by different colors).

Photos courtesy Koen De Reu



7 defeathering machines, in another slaughter house (high incidence of SM)

7                            6                           5                            4                             3        2                                  1

Defeathering in modern slaughter houses (after hot-water scalding)

Carcasses are fully defeathered already after 2-3 machines...  Are they doing too much defeathering?



Comparing 2 levels of defeathering intensity in Israel (without hot-water scalding)

5 farms, total of 300 broilers (150/gender) defeathered by either  5 machines or  7 machines

Spaghetti Meat was scored on individual broilers using 5-levels gradual scale: 0 / 0.25 / 0.50 / 0.75 / 1 (from none to severe)

Group’s SM score: averaging the individual scores; approximates the group’s percentage of SM-related losses of breast meat

The percentage of broken wings



Similar to the genetic mitigation of previous growth-related defects (excessive fatness, TD, ascites),

breast muscle myopathies are also a-symmetrically associated with rapid growth, hence they were

expected to be genetically mitigated, once ‘susceptible’ individuals (or families) are identified and culled.

Conclusions

White Striping (WS) and Wooden Breast (WB) were integrated into balanced broiler breeding programs in 

the early 2010’s, and by now their prevalence and negative economic impacts are been significantly mitigated.

Spaghetti Meat (SM), due to its later emergence, and due to the difficulty to identify ‘Low-SM’ individuals 

or families, has not been mitigated yet, but genetic mitigation can be expected within several years. 

Meanwhile, the incidence and severity of Spaghetti Meat can be substantially reduced by less aggressive defeathering, 

(mainly of females above 2 kg).  And more aggressive defeathering can help the identification of ‘Low-SM’ families.

Thank you!            Contact: 
avigdor.cahaner@mail.huji.ac.il 

In summary: the observed (and expected) genetic reductions in incidence of breast muscle myopathies, 

indicate that the breeding of fast-growing high-yielding broilers has not reached yet a biological limit.


