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Foreword 
Poultry science researchers in Australia are finding it difficult to source sexed day-old meat chickens 
for use in experiments. This is because feather sexing is no longer an available option to sex day-old 
chicks due to the change from slow-feathering to fast-feathering parent stock of the current commercial 
breeds. As a result, many researchers have had to use parent lines, which are still able to be feather 
sexed, or ‘as-hatched’ commercial meat chickens in nutritional studies. However, issues arise as to 
whether parent lines are a true representation of commercial meat chickens in terms of body growth and 
feed conversion efficiency responses to nutritional treatments. This makes it questionable if parent lines 
can be suitably used in place of commercial meat chickens in nutritional studies. When using as-hatched 
chickens, the sex of each bird is unknown at the start of the experiment. Hence, experimental units 
consisting of randomly mixed-sex chickens might introduce higher variation, which results in a lower 
power to detect the responses of the chickens.  

This study aimed to assess the alternative methods for sexing meat chickens, and to provide 
recommendations to researchers on available options. It also determines whether experiments using 
equal numbers of male and female chickens within a pen have similar between-pen variation as single-
sex chickens. Additionally, the study investigated whether using sex as a covariate in the statistical 
analysis helped reduce between-pen variation, and thus improve experimental power with randomly 
mixed-sex chickens.  

This research is important because it provides insight into the sexing options currently available for 
researchers, and highlights potential new technologies that are being developed. This study will benefit 
researchers conducting meat chicken nutrition experiments because it will provide information on how 
to best reduce between-pen variations using sexed or as-hatched chickens. 

The study found that other sexing methods are available, making it possible to source sexed day-old 
chicks for research. Equally mixed male and female chickens within a pen have a similar variation 
compared to single-sex chickens; using sex as a covariate in the statistical analysis improves 
experimental power for randomly distributed chickens. The research suggests that researchers should 
aim to conduct experiments with equally mixed-sex chickens in each pen, or use sex as a covariate in 
the statistical analysis when as-hatched chickens are used to reduce between-pen variation and improve 
experimental power. This also mimics industry’s practice of raising meat chickens as mixed-sex, and 
means the results are more practical for use in the chicken meat production industry. 

This report for the Chicken meat RD&E program adds to AgriFutures Australia’s diverse range of 
over 2000 research publications. It forms part of our Research arena, which aims to enhance the 
profitability and sustainability of our levied rural industries. Regional communities and the broader 
Australian economy depend on profitable farms. 

Most of AgriFutures Australia’s publications are available for viewing, free downloading or 
purchasing online at: www.agrifutures.com.au.  

 

John Smith 
General Manager, Research 
AgriFutures Australia 

http://www.agrifutures.com.au/


 

iv 

About the author 
Dr Shubiao Wu is an associate professor at University of New England. He has worked at the university 
for 14 years, with interdisciplinary expertise in agro-biological areas. He took up a position in poultry, 
including diseases and nutrition, in 2008. Previously, he worked as a research fellow at University of 
Otago, New Zealand, in inherited retinal diseases. He received his PhD in molecular mapping and 
reproduction of olives from The University of Adelaide in SA in 2002. A/Prof Wu has published over 
100 refereed journal papers, supervised/is supervising more than 40 PhD, masters and honours students, 
and serves as associate editor of Animal Nutrition, academic editor of PLOS ONE, and as referee for 
more than 40 scientific journals. 

Dr Kosar Gharib Naseri is a post-doctoral research fellow at the University of New England, working 
on projects related to poultry health and production. She has studied poultry nutrition at University of 
New England, and her PhD has focused on various aspects of necrotic enteritis and its impact on meat 
chickens. She has published five scientific papers and over 10 conference proceedings. She serves as 
referee for four scientific journals.  

Ashley England is a PhD candidate at the University of New England. She completed her 
undergraduate degree in Animal Science, and MSc in Animal Nutrition at the University of Pretoria, 
South Africa. She worked as a nutritionist at a feed mill in South Africa before pursuing a PhD in 
poultry science. 

Dr Sarbast K Kheravii received his PhD in poultry nutrition at the University of New England in 2017. 
As a Senior Technical Officer at UNE, he manages molecular biology and gut microbiology 
laboratories. He has published over 16 papers and over 30 conference proceedings. His current interest 
is nutrigenomics and gut health in meat chickens. Sarbast serves as referee for six scientific journals.  

 

 

 

Acknowledgments 
Centre for Animal Research and Teaching (CART) at the University of New England for assistance in 
the animal trial.  

Mr Andrew Buchan for vent sexing of day-old chicks.  

 

 

 

 

 



 

v 

Abbreviations 
CP   Crude protein 
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Executive summary 
It is well known that male and female meat chickens have different growth performance and nutrient 
needs. These differences make it important in the way research is conducted because the presence of 
both sexes affects between-pen variation and experimental power. Commonly, researchers use single-
sex male meat chickens to reduce the variation in responses to a treatment. However, the ability to 
source sexed day-old chicks for research has become a challenge because of the change from slow-
feathering to fast-feathering parent stock of the current commercial breeds. This means that the most 
common method of sexing meat chickens, feather sexing, is no longer available. Researchers have to 
explore other sexing methods or experimental strategies, such as using parent lines or as-hatched 
chickens. Issues arise as to whether parent lines can accurately represent commercial meat chickens for 
body growth, feed conversion efficiency, and nutrient requirements, and whether they can provide 
informative data in place of commercial meat chickens for nutritional studies. When as-hatched 
chickens are used, the sex of each bird is unknown, which means that pens consisting of randomly 
mixed-sex chickens increase the between-pen variation.  

There were three key aims: assess alternative sexing methods to feather sexing and strategies to 
minimise limitations caused by the unavailability of male-only meat chickens for research; determine 
whether using the same number of male and female chickens per pen has a similar between-pen 
variation as single-sex chickens, by evaluating the growth performance responses of single or mixed-
sex meat chickens to standard and reduced-protein diets; and assess whether using sex as a covariate in 
the statistical analysis may help reduce between-pen variation, and thus improve experimental power 
with randomly mixed-sex chickens. This approach involves sex determination at the end of the trial by 
euthanasing the chickens to check for the presence or absence of testes. This study highlighted the 
sexing methods that are available to be used practically as well as help researchers decide on how best 
to conduct animal trials to minimise variation and improve experimental power, whether sexed chickens 
are available or not.  

Aims/objectives 

This study aimed to:  

a. Assess alternative sexing methods to feather sexing and strategies to minimise the limitations 
caused by the fact that male-only meat chickens are no longer available for research. 

b. Determine whether using the same number of male and female chickens per pen has a similar 
between-pen variation as single-sex chickens by evaluating the growth performance responses 
of single or mixed-sex meat chickens to standard and reduced-protein diets. 

c. Investigate whether using sex percentage as a covariate in the statistical analysis may help 
reduce between-pen variation, and thus improve experimental power with randomly mixed-sex 
chickens. 

Methods used  

Alternative sexing methods were assessed primarily through a questionnaire. It was designed to 
determine how researchers perform their studies with meat chicken breeds that are no longer feather-
sexable, and the alternative sexing methods that exist for sourcing sexed meat chickens for their studies 
at their institutions. Researchers who received the questionnaire were from The University of 
Queensland, South Australian Research and Development Institute (SARDI), The University of 
Sydney, and University of New England (UNE). 

To determine whether using the same number of male and female chickens per pen has a similar 
between-pen variation as single-sex chickens, an experiment was conducted with two treatment diets. 
They contained standard levels of crude protein (according to breed guideline requirements) or lower 
levels of crude protein (2% lower than breed requirements), and rearing chickens in pens housing male-
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only, female-only, or equally mixed males and females. During starter, grower and finished phases, the 
body weight gain, feed intake (FI) and FCR data were collected and analysed using two-way ANOVA 
with a 2×3 factorial arrangement of treatments. In addition, individual day 34 body weights of all 566 
chickens with known sex from the trial were used to create 48 pens of randomly allocated mixed-sex 
chickens, with their dietary treatments unchanged to mimic using as-hatched chickens. The randomised 
pens were replicated 10 times so that statistical analysis could be applied. The individual body weight 
data was analysed using three-way ANOVA with a 2×2×2 factorial arrangement of design, where the 
crude protein (CP) level (SCP or RCP), rearing method (single-sex or mixed-sex), and sex (male or 
female) were used as factors. Coefficient of variation (CV) data was analysed to determine whether 
using sex percentage as a covariate in the statistical analysis could reduce between-pen variation, and 
thus improve experimental power when randomly mixed-sex chickens are used.  

Results/key findings 

The results from the questionnaire sent to researchers at various Australian institutions showed that 
other methods to sex meat chickens are available. One method includes vent sexing; trained vent sexers 
are available in NSW, QLD and SA. Another available method includes DNA sexing from feather crude 
DNA. In ovo sexing is still a new concept that is being explored in the meat chicken industry. One of 
the research institutions included in this study is developing an in ovo sexing method that has the 
potential to be implemented in the research sector. Researchers still face challenges when they want to 
use sexed chickens in their trials, including cost implications and the availability of equipment and 
expertise.  

Using equal numbers of male and female chickens within a pen has a similar between-pen variation 
compared with using single-sex chickens. When randomly mixed-sex chickens need to be used, the 
inclusion of the sex percentage as a covariate in the statistical analysis reduces the standard error and 
between-pen variation, thus increasing the power of experiment with lower P-values used to 
differentiate the treatment means. 

Another finding from this study was that male and female chickens had different growth performance 
responses to the standard and reduced crude protein diets. This could be related to the difference in 
nutrient requirements of each sex. 

If the poultry research sector adopts these findings, then there is a potential that results will show a 
lower variation between treatments. Experimental power will also increase, which means fewer 
replicates will have to be included in the experimental design compared with using unsexed and 
randomly distributed chickens. This, in turn, means fewer chickens will be needed, which has animal 
ethics benefits.  

Implications for relevant stakeholders 

Poultry nutritionists and health researchers will benefit from the recommendations from this study. 
Firstly, there will be less need to increase experimental power by increasing the number of replicates. 
Secondly, researchers may not need to use meat chicken parental lines for their experiments because 
these chickens are only 50% (parental male) or 25% (parental off-sex male) genetically similar to meat 
chickens. Thirdly, using as-hatched chickens will improve the understanding of the nutritional 
requirements and health-related characteristics of meat chickens used in the industry. Commonly, the 
meat chicken production industry does not use single-sex chickens. Thus, data from research using 
male-only meat chickens might be biased towards male chickens, and the requirement of female 
chickens might not be addressed. Overall, the industry will benefit from this study as, eventually, the 
more accurate nutritional data obtained from research will be applied for better economical outcomes.  
 
Recommendations 

It is recommended that at the end of the trial, researchers identify the sex of each bird by opening the 
chickens up to collect the sex information for all the pens when as-hatched chickens are used. The sex 
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percentage should then be included as a covariate in the statistical analysis to reduce the standard error, 
and therefore the coefficient of variation between treatments and to improve experimental power. If a 
practical and cost-effective sexing option is available for the researcher, then the sex of each bird can 
be determined before the trial, and equal numbers of male and female chickens can be distributed in 
each pen. This will again help to reduce between-pen variation. In both instances, there is an opportunity 
to have fewer replicates and, therefore, fewer chickens in the trial if experimental power can be 
improved with these methods.  
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Introduction 
Researchers in the poultry sector are finding it difficult to source sexed day-old meat chickens for their 
experiments because the common method of feather sexing is no longer available. This is due to the 
change from slow-feathering to fast-feathering parent stock of current commercial meat chicken breeds 
(Greg Hargreave, Baiada, personal communication, 2017). This has prompted the investigation into 
other sexing methods as alternatives to feather sexing. These methods, which all differ in their 
practicality, include the more common vent sexing as well as molecular and in ovo sexing methods. 
Vent sexing is performed by looking at the presence or absence of a rudimentary male sex organ after 
everting the vent area of the chick. If performed by a qualified and experienced vent sexer, this method 
can be 95% accurate, but the accuracy can be as low as 60% if performed by someone who is 
inexperienced (Cerit and Avanus, 2007). Although this method is fast and accurate, it requires well-
trained and experienced staff because the rudimentary male sex organ is not easily recognisable for 
untrained staff (Otsuka et al., 2016). Vent sexing also appears to be stressful for the chicks, and can 
cause up to 1% increase in early chick mortality due to chick damage during handling (Phelps et al., 
2003). The movement of vent sexers between hatcheries is a biosecurity concern for the poultry 
industry.  

Molecular sexing methods have also been developed that make use of the fact that in chickens, females 
are heterogametic (ZW), and males are homogametic (ZZ) (Smith and Sinclair, 2004). The sex of 
chickens can, therefore, be distinguished on the presence or absence of the W chromosome. A variety 
of DNA-based methods developed in the past few years tend to be accurate, but they are also difficult 
to apply on a large scale due to time and cost constraints associated with DNA extraction and post-PCR 
manipulations. More recently, in ovo sexing of chicken embryos has been developed. The potential 
advantages of in ovo sexing include saving time on day of hatch, virtually no stress on the chickens, 
and better chicken quality due to less handling and quicker delivery to the customer. Galli et al. (2016) 
demonstrated that near-infrared fluorescence and Raman spectroscopy could be performed during the 
fourth day of incubation, and provides precise in ovo sexing based on differences in the composition of 
embryonic blood between males and females. However, these technologies have not been applied for 
poultry research use or in the industry in a practical way.  

The ability to determine the sex of chickens used in research is important because it is well known that 
male and female chickens differ in their growth performance (Young, 2001; Lopez et al., 2011; Shafey 
et al., 2013; Benyi et al., 2015; Da Costa et al., 2017; Madilindi et al., 2018). These differences can 
have an effect on between-pen variation and overall uniformity. Commonly, male-only chickens are 
used in research so as to reduce variation (Gous, 2017). However, using single-sex chickens has become 
more difficult, forcing researchers to either use parent lines or use as-hatched chickens (Da Costa et al., 
2017). Issues arise as to whether parental lines are a true representation of commercial meat chickens 
for body growth and feed conversion efficiency, and whether they can be used as alternatives to 
commercial meat chickens in nutritional studies. When as-hatched day-old chickens are used, the sex 
of each bird at the start of the experiment is unknown, resulting in pens consisting of randomly mixed-
sex chickens, thereby increasing the between-pen variation. Therefore, researchers must determine how 
they conduct animal trials in the absence of practical sexing methods. In poultry, body weight has been 
included as a covariate in the statistical analysis for a variety of measurements. For example, its use as 
a covariate increased the power of analysis for bone mineral content and bone length of four different 
meat chicken crosses (Talaty et al., 2010). However, up until now, no report has been published to 
suggest the benefit of using sex as a covariate in the statistical analysis for trials that make use of  
randomly distributed mixed-sex chickens. When sexed chickens are available at the start of a trial, it is 
also important to investigate whether using equal numbers of male and female chickens in each pen has 
the same ability to reduce between-pen variation as using single-sex chickens.  
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Objectives 
The objectives of this study were to investigate alternative meat chicken sexing methods that are 
available to Australian poultry science researchers because feather sexing is no longer possible in 
popular commercial meat chicken breeds. We also wanted to explore the challenges researchers 
currently face when sourcing sexed meat chicken chickens for their animal trials. The next part of this 
study involved an animal trial that aimed to determine whether equal numbers of male and female 
chickens in each pen would have the same between-pen variation as when using single-sex chickens. 
We did this by measuring the growth response of chickens reared as single or equally mixed-sex given 
a reduced or standard crude protein diet.  

If researchers are not able to source sexed day-old chicks for their trials, then they must use as-hatched 
chickens. This prompted us to determine whether the inclusion of sex as a covariate in the statistical 
analysis would reduce between-pen variation and improve experimental power. To do this, the chickens 
will need to be opened up at the end of the trial to determine sex.  
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Methodology 
Assessment of meat chicken sexing options available to researchers 

A review was done to determine the meat chicken sexing options currently available to researchers in 
Australia. A set of questions was posed to researchers from the University of Queensland, South 
Australian Research and Development Institute (SARDI), University of Sydney, and University of New 
England (UNE). These questions included potential obstacles for researchers that may make the 
sourcing of sexed chicks difficult, as well as any sexing methods currently in use. The results of this 
survey were compiled, and recommendations to overcome the difficulties in sourcing sexed chickens 
were suggested.  

Ethics statement for animal trial 

This experiment was approved by the Animal Ethics Committee of the University of New England 
(Approval No. AEC20-004). All meat chicken management procedures, including health care, 
husbandry and use of laboratory animals, fulfilled the requirements of the Australian Code for the Care 
and Use of Animals for Scientific Purposes (NHMRC, 2013).  

Experimental design and bird management 

A study was conducted to determine which rearing method (single-sex or equally mixed-sex) would 
result in the least variation in performance between meat chickens fed diets with different levels of CP. 
In this study, chickens (mixed-sex, day-old Cobb-500 meat chicken chickens) were obtained from 
Baiada hatchery in Tamworth, NSW. Upon arrival, all chickens were weighed, vent sexed, and allocated 
to floor pens according to treatments. This study was designed as a 2×3 factorial arrangement of 
treatments, consisting of 672 chickens assigned to 48 floor pens with six treatments, eight replicates, 
and 14 chickens per pen. The factors were rearing method (male single-sex, female single-sex, or 
equally mixed-sex) and dietary CP level (standard or reduced). All the pens were located in the same 
environmentally controlled facility, equipped with feeders and cup drinkers. The chickens had ad 
libitum access to feed and water. The lighting, relative humidity and temperature were maintained 
following Cobb 500 guidelines (Cobb-Vantress, 2018).  

Diets and bird performance 

The ingredients and nutrient composition of the diets used in this experiment are shown in Table 1. The 
formulation of diets was based on wheat and soybean meal. The SCP diets were formulated to meet the 
CP levels in the Cobb 500 guidelines (Cobb-Vantress, 2018) (starter 22%, grower 20%, and finisher 
19%), and the RCP diets were formulated to have 2% less CP than the SCP diets (starter 20%, grower 
18%, and finisher 17%). The reduction in the RCP diet was obtained with additional L-valine, L-
isoleucine and L-arginine, which were added to the diets to ensure the amino acid levels in both 
treatments were the same. Phytase was included in all treatments at 0.01% (Quantum Blue, AB vista 
Feed Ingredients, Marlborough, UK). Titanium dioxide was added as an indigestible marker at 0.5% in 
the grower and finisher diets. Chickens were fed in starter (d 0 to 10), grower (d 10 to 24), and finisher 
(d 24 to 35) phases. Both the chickens and feed were weighed on arrival and on d 10, 24, and 35, and 
mortality was recorded daily. Body weight gain (BWG), feed intake (FI), and mortality-adjusted feed 
conversion ratio (FCR) were calculated for all phases.  

Simulation of randomly mixed-sex pens 

Individual d 34 body weights and the sex of each bird was used to create 10 repeats of the randomised 
allocation of 12 chickens per pen, with a total of 48 pens using the RAND and Sort functions of 
Microsoft Excel (2016). Statistical analysis (ANOVA and ANCOVA) was performed on each replicate 
to determine whether using sex as a covariate in the statistical analysis may help reduce between-pen 
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variation. The SE, means (M) produced from the analysis, and pen numbers (N) for each group were 
then used to determine the CV (%) of each replicate: CV(%) = SE×N1/2/M×100. 

Statistical analysis 

All the performance data with pen as a measurement unit during different phases were analysed using 
GLM model of SPSS statistics package version 22 (IBM Corporation, Armonk, NY, USA) following a 
2×3 factorial arrangement of treatments as two-way ANOVA with parametric statistical method used. 
The main effects of protein level and rearing system and their interactions were examined. For the 
chicken population uniformity data expressed as CV percentage obtained at d 34, two-way (2×3) and 
three-way (2×2×2) analyses were performed to examine the main effects of CP level, rearing method 
or sex, and their interactions. For the CV percentages (= SD/mean × 100) simulated as chickens were 
randomly distributed in 48 pens with individual body weight data collected at d 34, one-way ANOVA 
was used to determine the differences of mean CV percentages produced by three scenarios: random 
sex pens without sex as covariate (as SD calculated using ANOVA); sex as covariate (as SD calculated 
using ANCOVA); and equally mixed-sex pens with 10 simulations as replicates. Mean values of the 
treatments were compared within the confidence interval adjusted by Tukey test. All significant 
differences were determined at P < 0.05. 
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Table 1: Composition and nutritional content of the experimental diets 

Item Starter (d 0 to 10) Grower (d 10 to 24) Finisher (d 24 to 35) 

  SCP RCP SCP RCP SCP RCP 
Ingredients (DM basis), %        
Wheat         53.2 58.0 42.6 52.2 43.8 51.5 
Soybean meal              25.6 21.0 26.4 25.0 20.7 13.1 
Sorghum            15.0 15.0 25.0 16.9 30.0 30.0 
Canola oil                        1.37 0.94 2.51 1.19 2.05 1.00 
Limestone (fine)                        1.18 1.19 1.08 1.13 1.03 1.04 
Dical Phos 18P/21Ca                     0.89 0.97 0.70 0.75 0.58 0.63 
Sodium bicarbonate                            0.32 0.45 0.02 0.41 0.15 0.59 
Titanium dioxide ˉ ˉ 0.50 0.50 0.50 0.50 
L-lysine HCl 78.4                       0.54 0.68 0.27 0.54 0.26 0.48 
DL-methionine                           0.39 0.42 0.27 0.33 0.21 0.26 
L-Arginine                  0.53 0.33 ˉ 0.22 ˉ 0.16 
L-threonine                             0.35 0.27 0.08 0.20 0.08 0.17 
L-Valine                                0.16 0.24 ˉ 0.16 ˉ 0.12 
L-Isoleucine                            0.12 0.20 ˉ 0.14 ˉ 0.08 
NaCl                                     0.110 0.040 0.273 0.003 0.305 0.003 
Trace mineral premix1       0.110 0.110 0.110 0.110 0.110 0.110 
Vitamin premix2         0.085 0.085 0.085 0.085 0.085 0.085 
Choline Cl 70%                          0.048 0.080 0.053 0.080 0.071 0.093 
Phytase           0.010 0.010 0.010 0.010 0.010 0.010 
Xylanase                0.005 0.005 0.005 0.005 0.005 0.005 
Nutrients, %       
AMEn, kcal/kg 3005 3009 3075 3075 3125 3128 
Crude protein        21.6 19.7 19.7 17.7 18.6 16.6 
Crude fat            3.48 3.08 4.67 3.41 4.20 3.27 
Crude fibre          2.49 2.42 2.51 2.37 2.45 2.32 
Dig. Arg          1.62 1.31 1.12 1.12 1.01 1.01 
Dig. Lys      1.28 1.28 1.08 1.08 0.96 0.96 
Dig. Met         0.65 0.66 0.54 0.55 0.47 0.48 
Dig. Ile            0.87 0.87 0.77 0.75 0.69 0.66 
Dig. Val 1.01 1.01 0.88 0.86 0.79 0.78 
Calcium              0.90 0.91 0.82 0.83 0.76 0.76 
Av. P 0.45 0.46 0.41 0.41 0.38 0.38 
Choline, mg/kg 1,700 1,801 1,700 1,700 1,700 1,700 
Linoleic 18:2        1.26 1.16 1.60 1.27 1.51 1.25 

CP = crude protein; SCP = standard protein; RCP = reduced protein. 
1 Vitamin premix supplied the following per kilogram of diet: retinol, 12,000 IU; cholecalciferol, 5,000 IU; tocopheryl 
acetate, 75 mg, menadione, 3 mg; thiamine, 3 mg; 
riboflavin, 8 mg; niacin, 55 mg; pantothenate, 13 mg; pyridoxine, 5 mg; folate, 2 mg; 
cyanocobalamin, 16 mg; biotin, 200 mg; cereal-based carrier, 149 mg; mineral oil, 2.5 mg. 
2 Trace mineral premix supplied the following per kilogram of diet: Cu (sulphate), 16 mg; Fe 
(sulphate), 40 mg; I (iodide), 1.25 mg; Se (selenate), 0.3 mg; Mn (sulphate and oxide), 120 mg; Zn (sulphate and oxide), 100 
mg; cereal-based carrier, 128 mg; mineral oil, 3.75 mg.  
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Results 
Assessment of meat chicken sexing options available to researchers 

According to the feedback from researchers in Australia, feather sexing can still be used to sex Ross 
308 meat chicken breeders, and most respondents are willing to use meat chicken breeders in animal 
trials as representative of commercial meat chickens. Vent sexing can be done by trained vent sexers, 
which are available in NSW, QLD and SA. At UNE, we were able to have about 1000 day-old meat 
chicken chicks vent sexed for $1500. The vent sexing was validated by opening up the chickens at the 
end of the trial and all birds were correctly sexed. DNA sexing is being used by two of the research 
institutions that were surveyed. A new DNA sexing method has been developed at UNE using high-
resolution melt analysis from feather crude DNA. In ovo sexing is being investigated by one surveyed 
research institution with possible implementation, as well as the ability of other research facilities in 
Australia to use this method to source sexed meat chickens with in-house hatching capacity at research 
institutes. If it is not possible to use sexed meat chickens in animal trials and as-hatched chickens have 
to be used, then many respondents stated that more chickens/pen/treatment/replicate would have to be 
used to reduce variation. Only UNE researchers stated that including sex as a covariate in the statistical 
analysis will help to reduce variation when using as-hatched chickens.  

Performance data from animal trial 

The effects of rearing method and dietary CP level on meat chicken performance in the period from d 
0 to 10 are presented in Table 2. The RCP diet significantly affected bird performance during the starter 
phase by decreasing BWG and increasing FCR (P < 0.001).  

Table 2: Performance of meat chicken chickens from d 0 to 10 in response to different rearing 
methods and dietary protein level 

Gender CP level BWG (g) FI (g) FCR 

Male 
SCP 255 293 1.151 
RCP 242 293 1.210 

Female 
SCP 241 280 1.160 
RCP 237 284 1.197 

Mix 
SCP 247 283 1.146 
RCP 234 283 1.211 

Main effects     

Rearing method     
Female  239 b 282 b 1.178 
Male  248 a 293 a 1.181 
Mix  241 b 283 b 1.178 

  
   

CP level     

RCP  238 b 287 1.206 a 
SCP  248 a 285 1.153 b 

P-value     
Rearing method  < 0.001 0.003 0.954 
CP level  < 0.001 0.632 < 0.001 
Rearing method × CP level  0.061 0.800 0.185 

CP = crude protein; SCP = standard protein; RCP = reduced protein; BWG = body weight gain per bird;  
FI = feed intake per bird; FCR = feed conversion ratio.  
a, b Means in a column not sharing the same superscripts are significantly different, according to Tukey test (P < 0.05). 
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However, there was no significant effect of CP level on FI (P = 0.632). Rearing method had a significant 
effect on BWG (P < 0.001) and FI (P = 0.003), with single-sex male pens having the highest values for 
these parameters. There was no significant difference between mixed-sex pens and female-only pens 
for BWG and FI. Rearing method had no significant effect on FCR (P = 0.954). There was no significant 
interaction between rearing method and protein level in this phase (P > 0.05), although the interaction 
between rearing method and protein level on BWG tended towards being significant (P = 0.061). 

The effects of rearing method and dietary CP level on meat chicken performance in the periods from d 
10 to 24 are presented in Table 3. During the grower phase, the RCP diet significantly affected bird 
performance by reducing FI and increasing FCR (P < 0.001). Rearing method also had a significant 
effect on FI (P < 0.001) and FCR (P = 0.002), with single-sex male pens having the highest FI (1542 g) 
and lowest FCR (1.447). There was no difference in FI between mixed-sex pens and female-only pens 
(P > 0.05). Female-only pens had the highest FCR (1.504), which is significantly different to the male-
only pens but not the mixed-sex pens. There was a significant interaction between rearing method and 
protein level on BWG (P = 0.04) in this phase, where mixed pens showed significantly higher BWG 
than the female-only pens, and lower BWG than the male-only pen when fed SCP, but not when RCP 
was fed. However, BWG of male-only pens was significantly higher than female pens when chickens 
were fed both SCP and RCP diets. 

Table 3: Performance of meat chicken chickens from d 10 to 24 in response to different rearing 
methods and dietary protein level 

Gender CP level BWG (g) FI (g) FCR 

Male 
SCP 1138 a 1591 1.398 
RCP 999 c 1494 1.496 

Female 
SCP 994 c 1454 1.463 
RCP 925 d 1427 1.544 

Mix 
SCP 1062 b 1509 1.420 
RCP 946 cd 1437 1.521 

Main effects     
Rearing method     

Female  960 1440 b 1.504 a 
Male  1069 1542 a 1.447 b 
Mix  1004 1473 b 1.470 ab 

CP level     
RCP  957 1452 b 1.520 a 
SCP  1065 1518 a 1.427 b 

P-value     
Rearing method < 0.001 < 0.001 0.002 
CP level  < 0.001 < 0.001 < 0.001 
Rearing method × CP level 0.040 0.095 0.784 

CP = crude protein; SCP = standard protein; RCP = reduced protein; BWG = body weight gain per bird;  
FI = feed intake per bird; FCR = feed conversion ratio.  
a, b, c, d Means in a column not sharing the same superscripts are significantly different, according to Tukey test (P < 0.05). 

The effects of rearing method and dietary CP level on meat chicken performance in the periods from d 
24 to 35 are presented in Table 4. Crude protein level had a significant effect on BWG (P = 0.047) and 
FCR (P = 0.015), with the RCP diet resulting in the lower BWG and higher FCR compared to the SCP 
diet. The rearing method had a significant effect on BWG (P < 0.001) and FCR (P < 0.001). Single-sex 
male pens had the highest BWG; this difference was significant to the BWG of the single-sex female 
and mixed-sex pens. Single-sex female pens had a significantly higher FCR than the single-sex male 
and mixed-sex pens; however, the FCR of the two latter rearing methods did not differ significantly. 
There was a significant interaction between rearing method and protein level on FI (P = 0.026) in this 
phase, where single-sex male pens showed higher FI than single-sex female pens only when the 
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chickens were fed SCP but not RCP diets. Mixed-sex pens did not show a difference from either single-
sex male or female pens, regardless of CP levels.  

Table 4: Performance of meat chicken chickens from d 24 to 35 in response to different rearing 
methods and dietary protein level 

Gender CP level BWG (g) FI (g) FCR 

Male 
SCP 1215 2125 a 1.749 
RCP 1155 2025 ab 1.756 

Female 
SCP 1028 1901 b 1.848 
RCP 1041 2026 ab 1.946 

Mix 
SCP 1142 2037 ab 1.786 
RCP 1074 1970 ab 1.834 

Main effects     

Rearing method     

Female  1035 c 1963 b 1.897 a 

Male  1185 a 2075 a 1.753 b 

Mix  1108 b 2003 ab 1.81 b 

CP level     

RCP  1090 b 2006 1.845 a 

SCP  1128 a 2021 1.794 b 

P-value     
Rearing method  < 0.001 0.039 < 0.001 

CP level 0.047 0.688 0.015 

Rearing method × CP level 0.162 0.026 0.195 

CP = crude protein; SCP = standard protein; RCP = reduced protein; BWG = body weight gain per bird;  
FI = feed intake per bird; FCR = feed conversion ratio.  
a, b, c Means in a column not sharing the same superscripts are significantly different, according to Tukey test (P < 0.05). 

Table 5: Performance of meat chicken chickens from d 0 to 35 in response to different rearing 
methods and dietary protein level 

Rearing method CP level BWG (g) FI (g) FCR 

Male 
SCP 2608 a 3835 1.471 
RCP 2397 b 3672 1.533 

Female SCP 2263 c 3481 1.538 
RCP 2204 c 3471 1.576 

Mix SCP 2452 b 3687 1.504 
RCP 2254 c 3502 1.553 

Main effects     
Rearing method     

Female  2234 3476 c 1.557 a 
Male  2502 3753 a 1.502 c 
Mix  2353 3594 b 1.529 b 

CP level     
RCP  2285 3548 b 1.554 a 
SCP  2441 3667 a 1.504 b 

P-value     
Rearing method  < 0.001 < 0.001 < 0.001 
CP level  < 0.001 0.001 < 0.001 
Rearing method × CP level  0.01 0.065 0.548 

CP = crude protein; SCP = standard protein; RCP = reduced protein; BWG = body weight gain per bird;  
FI = feed intake per bird; FCR = feed conversion ratio.  
a, b, c Means in a column not sharing the same superscripts are significantly different, according to Tukey test (P < 0.05). 
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The effects of rearing method and dietary CP level on meat chicken performance during the overall 
period of the trial (d 0 to 35) are presented in Table 5. The RCP diet significantly affected bird 
performance by reducing FI (P = 0.001) and increasing FCR (P < 0.001) compared to the SCP diet. 
Rearing method also had a significant effect on FI and FCR (P < 0.001), with single-sex male pens 
having the highest FI (3753 g) and lowest FCR (1.502), followed by the equally mixed-sex pens, and 
lastly, the single-sex female pens had the lowest FI (3476 g) and highest FCR (1.557). There was a 
significant interaction between rearing method and protein level on BWG (P = 0.01). The RCP diet 
significantly reduced BWG in the single-sex male pens and mixed-sex pens (P < 0.001); however, the 
RCP diet did not affect BWG of single-sex female pens compared to SCP diet. On the other hand, 
mixed-sex pens had higher BWG than the female chickens only when fed SCP, but not when RCP 
was fed. 

Table 6: Coefficient of variation (%) of performance data of meat chicken chickens from d 0 to 
35 in response to different rearing methods and dietary crude protein levels 

Rearing 
method CP level BWG CV 

(%) 
FI CV 
(%) 

FCR CV 
(%) 

Male SCP 2.656 2.621 2.255 

Male RCP 3.156 3.086 1.175 

Female SCP 3.594 4.147 1.600 

Female RCP 2.544 2.203 2.491 

Mix SCP 3.614 2.735 1.820 

Mix RCP 1.600 2.093 1.555 

SCP = standard protein; RCP = reduced protein; BWG = body weight gain per bird; FI = feed intake per bird;  
FCR = feed conversion ratio; CV = coefficient of variation 
 
The effects of rearing method and dietary CP level on meat chicken performance coefficient of variation 
in the periods from 0 to 35 d are presented in Table 6. The equally mixed-sex pens fed the RCP diet had 
the lowest CV for BWG (1.6%) and FI (2.1%), while the single-sex male pens fed the RCP diet had the 
lowest CV for FCR (1.2%). In comparison, the mixed-sex pens fed the SCP diet had the highest CV for 
BWG (3.6%), the single-sex female pens fed the SCP diet had the highest CV for FI (4.1%), and the 
single-sex female pens fed the RCP diet had the highest CV for FCR (2.5%). 

The effects of bird sex, rearing method, and dietary CP level on individual d 34 bird BW with a 2×2×2 
factorial design are presented in Table 7. Rearing method did not have a significant effect on d 34 body 
weight (P = 0.649), and no interactions occurred between the other two factors. However, there was a 
significant interaction between sex and CP level on d 34 body weights (P = 0.009). There was a 
significant difference between the mean d 34 BW of males and females, both within and between dietary 
crude protein levels. Although the RCP diet reduced the mean d 34 BW of both males and females, the 
extent of the reduction differed with the BW of males fed the RCP diet dropping by 209 g compared to 
those fed the SCP diet, whereas the BW of females fed the RCP diet dropped by only 98 g.  

The population uniformities of d 34 chickens with individual body weights were examined according 
to their rearing method and dietary CP level (Table 8). There was no interaction between rearing method 
and CP level in the diet (P = 0.181). Therefore, main effects of these two factors are presented. The 
rearing method had a significant effect on chicken uniformity (P = 0.016), where mixed pens showed 
higher CV percentage than the female-only chickens, while the CV percentage of male chickens was 
not different from chickens in mixed and female-only pens. No difference in chicken uniformity was 
observed between the pens fed diets with two different CP levels. 
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Table 7: Effect of sex, rearing method, and diet on individual body weight of meat chickens at d 
34 

CP level Sex BW 

RCP 
Female 2101a 
Male 2325b 

SCP 
Female 2199c 
Male 2535d 

SEM  18.5 
Source P-value 
Sex < 0.001 
Rearing method 0.649 
CP level < 0.001 
Sex × Rearing method 0.255 
Sex × CP level 0.009 
Rearing method × CP level 0.130 
Sex × Rearing method × CP level 0.448 

CP = crude protein; SCP = standard protein; RCP = reduced protein; SEM = standard error of mean; BW = body weight. 
a, b, c, d Means in a column not sharing the same superscripts are significantly different, according to Tukey test (P < 0.05). 
 

Table 8: Uniformity (CV%) of chickens with pen as a unit in response to different dietary crude 
protein levels and rearing methods at d 34 

 

Treatment CV% 
Rearing method  
Female 8.54a 
Male 8.94ab 
Mix 11.13b 
CP level  
SCP 9.10 
RCP 10.02 
SEM 0.90 
Source P-value 
CP level 0.360 
Rearing method 0.016 
  
CP level × Rearing method             0.181 

CP = crude protein; SCP = standard protein; RCP = reduced protein; SEM = standard error of mean;  
CV = coefficient of variation. 
a, b Means in a column not sharing the same superscripts are significantly different, according to Tukey test (P < 0.05). 
 

While the chickens in pens with mixed sex showed higher CV% due to the different growth of males 
and females, a three-way ANOVA analysis was performed to examine whether CP level and rearing 
method had an effect on the uniformity of male and female chickens. Therefore, CP level (SCP or 
RCP), rearing method (single or mixed-sex), and sex (female or male) were used as factors. The 
results in Table 9 showed that none of the factors had a significant effect on the uniformity of the 
chickens (P > 0.05), and no interactions were observed between the factors (P > 0.05). 



 

11 

Table 9: Uniformity (CV%) of male and female chickens in response to different dietary crude 
protein levels and rearing methods at d 34 

CP level  Sex 
Rearing 
method CV% 

RCP Female Mix 8.50 
  Single 9.10 
 Male Mix 9.44 
  Single 10.75 

SCP Female Mixed 10.16 
  Single 8.78 
 Male Mixed 7.81 
  Single 8.10 

SEM   1.22 
Source   P-value 
CP level    0.379 
Rearing 
method   0.814 
Sex 0.900 
CP level × rearing method 0.378 
CP level × sex 0.109 
Sex × rearing method 0.493 
CP level × rearing method × sex 0.783 

CP = crude protein; SCP = standard protein; RCP = reduced protein; SEM = standard error of mean;  
CV = coefficient of variation 

 
Simulated randomly mixed-sex pens 

The individual d 34 BW of the chickens were used to randomly allocate each bird to a pen (total of 48 
pens) according to their dietary CP level. This was done to simulate pens in which chickens are 
randomly allocated without knowing their sex, as is in the case of using as-hatched chickens; 10 
simulations of this randomisation were performed. Similarly, 10 simulations of 48 equally mixed-sex 
pens were used to act as a control for comparison purposes. The P-values to examine the CP dietary 
treatment effect on the BW of the chickens at d 34 are shown in Table 10, with (ANCOVA) or without 
(ANOVA) using sex percentage as a covariate in the statistical analysis. When female % was included 
as a covariate in the statistical analysis (ANCOVA), CV of the pen BW was reduced compared to the 
ANOVA analysis, and comparable to the equally mixed-sex pens. Similarly, the P-values produced 
from ANCOVA were lower for all simulations compared to ANOVA analysis. The average ANCOVA 
P-value was lower than the P-value of the equally mixed-sex chickens.  
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Table 10: CV (%) and P-values of two analyses for simulation of randomly mixed-sex pens 
analysed with ANOVA and ANCOVA, and simulation of equally mixed-sex pens with 
d 34 individual BW of chickens fed SCP and RCP 

Simulations  CV% P-values 

  ANOVA ANCOVA Equally 
mixed-sex* ANOVA ANCOVA Equally 

mixed-sex* 
1  3.40 3.00 3.37 5.9E-09 8.4E-10 2.15E-12 
2  3.08 2.53 2.40 7.2E-10 7.3E-12 7.17E-11 
3  3.30 2.84 2.79 2.0E-09 1.5E-10 1.92E-08 
4  3.54 2.63 3.42 1.3E-08 3.9E-11 7.87E-11 
5  2.78 2.57 2.76 1.4E-11 4.3E-12 1.58E-11 
6  3.33 3.03 2.70 3.0E-09 7.8E-10 8.65E-11 
7  3.55 2.94 2.83 2.3E-08 5.1E-10 6.34E-13 
8  3.33 2.89 2.36 5.4E-09 3.9E-10 1.89E-09 
9  2.63 2.38 3.09 4.1E-12 7.3E-13 1.38E-09 

10  3.37 2.88 3.08 1.6E-09 8.9E-11 5.11E-10 
Mean  3.23b 2.77a 2.88a 5.46E-09 2.81E-10 2.32E-09 

        
ANOVA = analysis of variance; ANCOVA = analysis of covariance; CV = coefficient of variation. 
a, b Means in a column not sharing the same superscripts are significantly different, according to Tukey test (P < 0.05). 
* The values of these groups are not comparable to the ANOVA and ANCOVA values in individual simulations because the 
pens of equally mixed-sex were simulated independent of the random sex-distributed pens.  
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Implications 
The results from this study are targeted at the meat chicken research and development sector. The 
outcomes suggest that, compared to male chickens, female chickens respond differently to lower dietary 
protein levels. This implies that there is a difference in the protein requirements between the two sexes. 
Furthermore, a smaller reduction in body weight gain in females, caused by the reduced-protein level 
in the feed, compared to males, demonstrates that the protein specifications reported in the breed 
nutrient guidelines may be biased towards males.  

Because feather sexing is no longer an available option to sex meat chickens, decisions must be made 
about which chickens should be used for nutritional research to produce informative data for industry. 
Currently, male chickens from parental meat chicken lines, or as-hatched chickens, are used. However, 
there is a possibility that the parental lines are not a true representation of commercial meat chickens, 
and using as-hatched chickens might introduce more experimental variation, which reduces the 
accuracy of the research information provided to the industry.  

The outcomes of this study indicate that using equal numbers of male and female chickens within each 
pen, or including sex as a covariate in the analysis when randomly mixed-sex chickens are used, can 
produce the same low variation as using male-only chickens in research. This provides evidence that 
researchers can use as-hatched meat chickens to perform nutritional studies without sacrificing the 
experimental power by vent sexing or DNA sexing the chickens before starting the experiment, or 
opening the chickens up at the end to determine sex. The strategic use of mixed-sex meat chickens will 
directly improve the power and adaptability of poultry research in the post-feather sexing era. It will, in 
turn, create benefits for meat chicken industries that use the findings from this research. Furthermore, 
the nutritional data produced using both males and females will be more relevant to the industry where 
it is common practice to rear meat chickens as mixed sex. With less variation and better experimental 
power, there may also be potential to use fewer replicates and numbers of chickens, which has ethical 
benefits. This research can also be used to highlight the challenges researchers face in sourcing sexed 
chickens as well as promoting other sexing methods.  
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Recommendations 
When using as-hatched chickens, it is recommended that researchers identify the sex of each bird at the 
end of the trial by opening the chickens up to collect the sex information for all the pens. The sex 
percentage should then be included as a covariate in the statistical analysis to reduce the standard error 
and therefore the coefficient of variation between treatments, and to improve experimental power. If a 
practical and cost-effective sexing option is available for the researcher, then the sex of each bird can 
be determined before the start of the trial, and equal numbers of male and female chickens can be 
distributed in each pen. This will again help to reduce between-pen variation. In both instances, there is 
an opportunity to have fewer replicates and therefore fewer chickens in the trial if experimental power 
can be improved with these methods.  

The potential difference in protein requirements between male and female chickens, as indicated by this 
study, should be addressed. Any data produced from studies using male-only meat chickens should take 
this into account to ensure the requirements of female meat chickens are matched correctly. 

Further research can help develop a clearer understanding of reasons for performance differences 
between male and female chickens in response to the treatments in research. This could include 
differences in nutrient digestibility, gut microbiota populations, and the expression of nutrient 
transporter and immune system genes.  
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