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Abstract 

Feed restriction in the parental stock of meat producing chickens, broiler breeders, is essential in order to 

decrease the high growth rate that they are genetically selected for. The feed restriction does however lead 

to chronic hunger and stress. Stress can be measured by counting H/L ratios and the method of manually 

counting H/L ratios was evaluated. The method was not a good way to ensure reliable individual H/L ratios 

but still gives an H/L ratio indication on a group level and was therefore still used in the study. Two 

different feeding regimens were investigated in the study: 5:2 skip-a-day (SKIP) with two fasting days and 

daily feed restriction (CTRL), with chickens sampled at 9 and 12 weeks of age. There was no significant 

difference in body mass between the treatments at either age. SKIP chickens had significantly higher H/L 

ratios compared to CTRL at 12 weeks of age (P=0.020), but both treatments had H/L ratios above the 

reported limit of stress (0.5). The SKIP group on a feeding day significantly increased plasma glucose 

levels during the day (10.3 to 11.5 mmol/L, P=0.020) and had significantly higher liver mass and liver 

glycogen levels compared to the CTRL (P≤0.001). The SKIP group were also less fearful on fasting days 

and significantly less active than the CTRL (P≤0.050), regardless of age or daily feed differences. The 

conclusion was that both treatments were stressed but skip-a-day chickens were habituated to their regimen 

and did not experience worse welfare than daily fed broiler breeders. 
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1 Abstract 

Feed restriction in the parental stock of meat producing chickens, broiler 

breeders, is essential in order to decrease the high growth rate that they 

are genetically selected for. The feed restriction does however lead to 

chronic hunger and stress. Stress can be measured by counting H/L ratios 

and the method of manually counting H/L ratios was evaluated. The 

method was not a good way to ensure reliable individual H/L ratios but 

still gives an H/L ratio indication on a group level and was therefore still 

used in the study. Two different feeding regimens were investigated in 

the study: 5:2 skip-a-day (SKIP) with two fasting days and daily feed 

restriction (CTRL), with chickens sampled at 9 and 12 weeks of age. 

There was no significant difference in body mass between the treatments 

at either age. SKIP chickens had significantly higher H/L ratios compared 

to CTRL at 12 weeks of age (P=0.020), but both treatments had H/L 

ratios above the reported limit of stress (0.5). The SKIP group on a 

feeding day significantly increased plasma glucose levels during the day 

(10.3 to 11.5 mmol/L, P=0.020) and had significantly higher liver mass 

and liver glycogen levels compared to the CTRL (P≤0.001). The SKIP 

group were also less fearful on fasting days and significantly less active 

than the CTRL (P≤0.050), regardless of age or daily feed differences. The 

conclusion was that both treatments were stressed but skip-a-day 

chickens were habituated to their regimen and did not experience worse 

welfare than daily fed broiler breeders. 

Keywords: Broiler breeder, feed restriction, H/L ratio, skip-a-day, stress, 

welfare 

2 Introduction 

Meat producing chickens, broilers, have been selected for high growth 

rate for decades and they grow today 4.6 times faster than growth rate of 

broilers at 1957 (Havenstein et al., 2003). The increased growth rate 

leads to obesity, lameness, reduced fertility and cardiovascular diseases in 

broilers when fed ad libitum, and this is particularly a problem for the 

parental stock, broiler breeders (De Jong and Guémené, 2011; Hunton, 

2006; Savory et al., 1993a). Broiler breeder females and males comprises 

the population that produce the eggs that become broilers. In order to 

reduce the health and fertility issues associated with high growth rate, 

broiler breeders are feed-restricted during rearing (De Jong and 

Guémené, 2011; Savory et al., 1993a). Feed restriction can either be 

quantitative where the amount of food per individual and day is limited, 
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or it could be qualitative where the nutrients in the feed are diluted 

(Sahraei, 2012). The feed restriction of broiler breeders reaches its peak 

during rearing and the amount of feed can be as low as 25-33 % of ad 

libitum before reaching sexual maturity (Van Emous et al., 2014; De Jong 

and Guémené, 2011; Hocking et al., 1993).  

According to Swedish law, all production animals need to be fed every 

day which means that broiler breeders in Sweden are feed restricted on a 

daily basis (SJVFS 2010:15, Saknr. L100). There are however different 

regimens for feed restricting broiler breeders in the world, with skip-a-

day (SKIP) regimens claimed to be the most popular systems (Bennett 

and Leeson, 1989). The most common SKIP regimen is on a 4:3 basis 

where broilers are fed the same amount of feed in total as for daily fed 

broilers with alternate days of food and fasting every week during rearing 

(Morrissey et al., 2014a; 2014b). Broilers can also be feed restricted on a 

5:2 basis where the total amount of food for daily fed broilers is provided 

during five non-consecutive days per week with two non-consecutive 

fasting days (Morrissey et al., 2014a). SKIP-fed broiler breeders on both 

4:3 and 5:2 regimens are believed to quickly get physiologically 

accustomed to their feeding regimen with higher amounts of feed on 

feeding days (Morrissey et al., 2014a; 2014b). Morrissey et al. (2014a) 

argues that feather scores are better in SKIP-fed chickens, with SKIP 

chickens being more satiated than daily fed broiler breeders as hunger 

increases stereotypic feather pecking. SKIP fed broiler breeders are also 

claimed to be largely inactive during fasting days which suggests that the 

broiler breeders learn when to expect fasting days (Morrissey et al., 

2014b). The inactivity for chickens on fasting days is also argued to be 

due to that birds may save energy by keeping a low level of metabolic 

activity (De Jong et al., 2002). 

Several studies investigating feed restricted broiler breeders, regardless of 

feeding regimen, show results that indicate that broiler breeders 

experience chronic hunger, physiological stress and abnormal behaviours 

(Van Emous et al., 2014; D’Eath et al., 2009; Mench, 2002; Savory et al., 

1993a). Stress is the physiological response to a stressor, such as change 

in temperature, high density, exposure to novel situations, and 

deprivation of water or food. The stressor triggers an activation of the 

hypothalamus and the hypothalamo-pituitary-adrenal (HPA) axis (Siegel, 

1985). The activation of the hypothalamus is an adaptive response to a 

stressor and it leads to increased blood pressure and heart rate by the 

secretion of epinephrine from the adrenal medulla which is the first 
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reaction of stress. This stress response is commonly termed as the fight-

or-flight response when energy is needed quickly. A later response is 

when the activation of the HPA-axis leads to a secretion of 

glucocorticoids from the adrenal cortex, such as corticosterone (CORT) 

in birds (Sapolsky et al., 2000). The secretion of CORT leads to a down 

regulation of the HPA axis, and inhibits the stress response (Sapolsky et 

al., 2000). The secretion of CORT has also been found to increase plasma 

glucose concentration (Liu and Zhao, 2014; Vleck et al., 2000; Simon, 

1984). Glucose is mainly stored as glycogen in the liver (Bennett et al., 

2007; Rosebrough et al., 1984). CORT also leads to a suppression of the 

immune system when the secretion of CORT is prolonged (Sapolsky et 

al., 2000). CORT is involved in lymphocyte apoptosis, which is proposed 

to save energy and/or to provide substrate for tissue repair or glucose 

production (Sapolsky et al., 2000). The suppression of the immune 

system is however a problem during chronic stress. During chronic stress, 

the number of lymphocytes decreases and the number of granular 

leukocytes such as heterophils increases, which influences the 

inflammatory response (Sapolsky et al., 2000; Gross and Siegel, 1983). 

In order to be able to measure the level of stress and get an indication of 

the chronic increase of CORT in the blood, the heterophil to lymphocyte 

(H/L) ratio can be determined (D’Eath et al., 2009; Gross and Siegel, 

1983). A low number of lymphocytes leads to a high H/L ratio and is 

interpreted as a high stress response. In comparison to plasma CORT, 

H/L ratios are altered slowly and are considered to be a less variable 

measurement of stress (Gross and Siegel, 1983). 

Stress is also connected with fearfulness which can be measured by the 

duration a chicken stays in tonic immobility (TI; Jones and Faure, 1981). 

Tonic immobility is a well-studied phenomenon and is an innate state of 

paralysis in the chicken when placed on its back (Wang et al., 2013). A 

long duration of TI is indicating high fearfulness and TI is also increasing 

with chronic stress (Wang et al., 2013). Another method of measuring 

fearfulness is to record the number of chickens that approach a novel 

object (NO; Jones, 1996, cited by Skinner-Noble et al., 2003). The more 

chickens that approach a novel object, the less fearful the chickens are. 

Fearfulness has been reported to decrease with feed restriction severity 

which makes this behaviour an interesting factor to consider (Skinner-

Noble et al., 2003; Hocking et al., 2001; Savory et al., 1993b). 

The aim of the study was to investigate whether skip-a-day (SKIP) fed 

broiler breeders experience better welfare than daily feed restricted 
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broiler breeders (CTRL) and if they would become physiologically and 

physically habituated to the less-predictable food availability of a 5:2 

feed restricted regimen, considering measures of H/L ratios, plasma 

glucose concentration, liver mass, liver glycogen, activity and 

fearfulness.  

The prediction was that SKIP fed broiler breeders would show higher 

levels of welfare due to higher satiety, being less fearful and having lower 

levels of H/L ratios, compared to the CTRL the farther into the feeding 

regimen. SKIP fed broiler breeders were also predicted to be less active 

during fasting days and having lower levels of plasma glucose after being 

accustomed to the feeding regimen compared to the CTRL broiler 

breeders while having higher liver mass and liver glycogen on feeding 

days. 

3 Material & methods 

3.1 Animals and management 

The main study took place during two weeks in October 2015 at a 

commercial broiler breeder farm owned by SweHatch AB, located in 

Bökestorp, Skåne County. Two groups of female broiler breeders of the 

broiler strain Ross 308, housed in two different buildings and provided 

with two different feeding regimens, were involved in the project and 

sampled at 9 and 12 weeks of age. Ethical permits for the experimental 

procedures were approved by the ethical committee of Malmö-Lund 

(Dnr. M 71-14). 

The broiler breeder chickens involved in the project were divided into 

two houses, each house was further on divided into five pens with an area 

of 230-240 m2, housing approximately 3000 individuals each. The pens 

were separated by walls created with wire mesh and ½ meter high pieces 

of plywood at the bottom. The floor was heated and covered with wood 

shavings and the ceiling height was approximately 3 m. Light cycle and 

temperature followed the directions of Aviagen (2013). Food was 

distributed automatically with spin feeders attached to the ceiling. The 

spin feeder enabled an even circular distribution of food over 15 m of 

diameter. Feed was distributed every morning at 7 AM after lights on. 

The broiler breeders were provided with a grower diet and water was 

provided via four lines of water nipples stretching across the building. 

The distribution of water nipples enabled 30 individuals per water nipple 
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and water was provided as 1.7-2.0 L water per kg feed. Perches were 

available throughout the pens. 

3.2 Experimental procedure 

Broiler breeder chickens in one of the buildings acted as the control 

(CTRL) group and were feed restricted after the age of 1 week according 

to the breeders’ manual. The feed restriction became more severe the 

older the breeders got in order to follow a satisfactory growth curve. The 

skip-a-day (SKIP) group, located in another building than the CTRL, 

were feed restricted on a 6:1 basis at the age of 6 weeks, getting feed for 

6 consecutive days and fasting 1 day. When the broiler breeders reached 

an age of 9 weeks, the SKIP group started a 5:2 feeding regimen with 2 

non-consecutive fasting days and 5 non-consecutive feeding days every 

week. The total amount of food per week for the SKIP breeders was 

higher compared to the CTRL breeders, with higher amount of food per 

feeding day in order to compensate for the two fasting days and to follow 

the same growth curve as for the CTRL group.  

Sampling was carried out during four and five consecutive days when the 

breeders had reached an age of 9 and 12 weeks respectively. A total of 15 

individuals were sampled per group and day, resulting in a total of 30 

individuals per day.  

Novel object (NO) tests were performed in each treatment group once per 

day. Eight breeders at a time were sampled from one pen out of the 

corresponding groups and put into carton boxes before sampling. Each 

individual was sampled for body mass, tonic immobility (TI), blood 

glucose and to prepare blood smears for future heterophil to lymphocyte 

(H/L) ratios. All individuals were marked with spray paint to avoid 

resampling and then returned to their pen. A total of 40 broiler breeders, 

of the 12 weeks old group, were sacrificed. 

A total of 121 broiler breeders (61 SKIP and 60 CTRL) were sampled 

when they had reached an age of 9 weeks and another 120 breeders (60 

SKIP and 60 CTRL) when they were 12 weeks old.  

3.2.1 Body mass 

All sampled chickens were weighed upside-down, hanging by their legs 

using a Weltech weighing system (BW-2050, Weltech International Ltd, 

St. Ives, Cambridgeshire, UK), with a shackle. The weighing was 

performed before the tonic immobility (TI) test and blood sampling for 
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the 9 weeks old chickens and after the TI test but before blood sampling 

for the 12 weeks old chickens. The test order was changed for the 12 

weeks old chickens due to chickens being unusually easy to induce and 

staying very long in TI during the 9 weeks old sampling. 

3.2.2 Novel object (NO) 

A novel object (NO)-test was carried out according to the description 

provided in the Welfare Quality (2009) assessment protocol for poultry. 

The NO test was performed once a day during both sample weeks (9 and 

12 weeks) in both the CTRL and the SKIP group, giving NO-data on both 

fasting and feeding days. The NO-test was alternated to give samples in 

the morning and afternoon for both groups.  

The test included a 40 cm wooden rod, taped with 5 different colours of 2 

cm wide insulating tape that was dropped in one area of a pen after 5 min 

of acclimatisation. When the rod had been dropped, the number of 

chickens closer than a bird length to the NO was recorded every 10 s for a 

total of 2 min. The test was modified due to small pen size and 2 

observations were carried out in each pen instead of 4 recommended in 

the assessment protocol.  

3.2.3 Tonic immobility (TI) 

The tonic immobility (TI) test was carried out in separate dimly lit areas 

in the two buildings. One hen at a time was tested by the same test 

person. For inducing the TI, the hen was turned on its back in a V-shaped 

wood construction with one hand covering the head and with the other 

hand gently pressing the sternum. After 15 s, the test person removed the 

hands and backed approximately 1 m, and started to record time after 5 s 

of immobility. The time for first head movement was noted as well as the 

time until self-righting (TI duration). If TI was not accomplished on the 

first attempt, induction trials were performed until induction was 

succeeded but only up to three induction trials maximum. If the bird was 

not induced after the third trial the test was determined as a failure. The 

total time for TI was set at 300 s, the number of induction trials or a 

failure to induce TI was noted. The TI test was performed after weighing 

for the 9 weeks old chickens but then adjusted to be executed prior to 

weighing for the 12 weeks old chickens. 
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3.2.4 Activity loggers 

During the first sampling period involving the 9 weeks old broiler 

breeders, 6 activity loggers (Motion Watch 8, CamNtech, Cambridge, 

UK) were applied to the CTRL- and the SKIP group with 3 loggers on 3 

chickens in each group. The activity loggers were worn as backpacks that 

were made out of cohesive bandage and rubber bands threaded over the 

wing and applied at the wing base. All loggers were worn 2 days per 

individual enabling activity recording on both fasting and feeding days 

per individual. A total of 6 SKIP and 6 CTRL breeders were planned to 

be recorded in both 9 and 12 weeks old chickens. 

3.2.5 Blood sampling 

Prior to blood sampling, the animals were put on their back and the area 

for puncture was cleaned with a wet cotton pad. Blood was collected by 

puncturing the ulnar vein underneath the left wing with a syringe and was 

then obtained using a 200 µl EDTA prepared blood collection tube with a 

capillary cap.  

One droplet of blood from the capillary cap of the EDTA collection tube 

was analysed for glucose using an Accu-Chek Aviva Plus glucometer 

(Roche Diabetes Care, Inc., Indianapolis, Indiana, USA) with matching 

test strips.  

For all breeders, two blood smears were prepared at the farm for each 

individual. Smearing the blood was done by pipetting 2 µl blood on a 

glass slide and using another glass slide as a spreader. The spreader was 

put in front of the droplet and then backed up into the droplet. When the 

blood was distributed along the edge, the spreader was held at 

approximately 45-degree angle and then drawn forwards with a constant 

pace to ensure an even distribution of blood cells. All smears were 

marked with date, group and ID and then left to air dry before put in a 

storage box for glass slides. Smears were fixated in methanol and stained 

in a laboratory within 7 days of preparation as described under 

“Comparison between Giemsa and May-Grünwald-Giemsa staining”.  

All smears were scanned using a digital scanner (NanoZoomer 2.0-HT 

Digital slide scanner C9600, Hamamatsu Photonics, Hamamatsu, Japan) 

and examined using the software Aperio ImageScope© (version 

12.2.2.5015, Leica biosystems, Nussloch, Eisfeld, Germany). Prior to 

counting H/L ratios, the counting order was randomised and the smear ID 
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was unknown while counting. Individual smear duplicates were kept as 

backup. Leukocytes to be counted included heterophils, lymphocytes, 

monocytes, eosinophils and basophils. H/L ratios are commonly achieved 

by counting a total of 60 (Aziz, 2012; Türkyilmaz, 2008; Zulkifli et al., 

2000; Gross and Siegel, 1983) or 100 leukocytes (Uzum and Oral Toplu, 

2013; Altan et al., 2003; Khajavi et al., 2003; Altan et al., 2000). In this 

project, approximately 100 leukocytes were counted within a preselected 

and marked area in 20-40 x magnification of the scan. The ratio of 

heterophils and lymphocytes was determined by dividing the counted 

number of heterophils with the counted number of lymphocytes. All 

scans selected to be counted from the 9 weeks old chickens were counted 

twice in the same area in order to check reliability of the counted H/L 

ratio. All randomly selected scans were also counted in two different 

marked areas to check if the method of manually counting 100 leukocytes 

was robust and accurate. 

3.3.6. Euthanasia, organ sampling and liver glycogen preparation 

A total of 40 breeder hens were sacrificed at 12 weeks of age, specifically 

28 individuals from the SKIP group and 12 individuals from the CTRL 

group. A total of 16 chickens from the SKIP group were sacrificed after 

being sampled for blood, body mass and TI at 12 weeks of age. The other 

24 chickens were sacrificed additionally to the 16 individuals sampled 

previously but not sampled for blood or TI. The sacrificing occurred both 

during fasting days and feeding days for the SKIP group with 8 

individuals sampled on a fasting day and 20 individuals on feeding days. 

The birds were sacrificed by cutting the carotid artery and crushing the 

spinal cord with hedge shears and then let to be bled. All sacrificed 

individuals were sampled for liver mass and the liver were then stored in 

a cryoshipper at -80°C.  

The livers were thawed in a laboratory and 300 mg were homogenized in 

perchloric acid (HClO4) in order to prevent glycogen breakdown. The 

supernatant was separated and washed in petroleum ether and then kept in 

a freezer at -80°C until further analysis. The sample was defrosted, 

centrifuged and decanted. A colour solution (10.4 mg I2, 104 mg KI and 3 

g CaCl2 in 30.4 ml deionized water) was then added to the extract. The 

absorbance was measured at 450 nm after 10-30 min in colour solution 

and then compared to a standard curve consisting of bovine liver 

glycogen (G0885-25G, Type IX, Sigma-Aldrich Sweden AB, Stockholm, 

Sweden). 
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3.3 Comparison between Giemsa and May-Grünwald-Giemsa 

staining 

A test of interest that was considered was to examine if the Giemsa stain 

provided an adequate staining result, or if the combination with May-

Grünwald provided a better result.  

Prior to the main project, blood was sampled from one Red Jungle Fowl 

hen kept at Linköping University for research purposes. The blood was 

obtained by puncturing the ulnar vein beneath the left wing with a syringe 

and collected with a 200 µl EDTA prepared collection tube with a 

capillary cap. The blood was kept in a refrigerator maximum a week 

before use.  

Smearing the blood was done by using the same method described under 

“blood sampling”. The smears were left to air dry before fixation in 100 

% methanol for 30 s and then air dried again. A total of 20 blood smears 

were prepared and two staining methods were considered, Giemsa and 

May-Grünwald-Giemsa staining.  

The Giemsa solution was diluted 1:10 with tap water and 10 blood 

smears were stained for 30 min in this solution. The May-Grünwald 

solution was diluted 1:2 with tap water. Another 10 blood smears were 

stained in this solution for 5 min prior to 30 min of staining in Giemsa. 

All smears were rinsed in tap water for 30-60 s after staining and then left 

to air dry.  

All smears were digitally scanned and investigated as described under 

“blood sampling”. Cells that were particularly investigated for staining 

differences were leukocytes such as heterophils and lymphocytes but also 

eosinophils and monocytes. 

3.4 Statistical analysis 

All samples were analysed using the software Minitab® (Version 17.2.1, 

Minitab Inc., Pennsylvania, USA), when another statistical program is not 

stated. All data was tested for homogeneity of variances before analysis, 

using a Levenes test for equal variances with significances indicating a 

parametric distribution in the data. The significance level was set at α = 

0.05. 
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3.4.1 Data analysis 

The sample data on the last day of sampling for the 9 weeks old animals 

was excluded from analysis, except from body mass data, due to 

influence of vaccination that altered behaviour and blood parameters. 

Treatment (CTRL vs. SKIP) and age (9 vs. 12 weeks) differences 

regarding body mass were tested using an ANOVA with the interaction 

of age and group considered. 

The novel object test was analysed using a Kruskal Wallis test for 

multiple comparisons as the data was determined to be nonparametric 

when testing homogeneity of variances. The data from both 9 and 12 

weeks old chickens was divided into three treatments (CTRL vs. SKIP 

Feed and SKIP Fast), with samplings at AM and PM. Individual time 

point differences were tested at 60 s and 120 s recordings. Three intervals 

were also tested during the first minute (0-60 s), the second minute (70-

120 s) and the total difference (0-120 s) in number of chickens closer than 

a chicken length to the NO. 

The treatments of TI first head movement and TI duration (CTRL vs. 

SKIP Feed and SKIP Fast) and TI induction trials (CTRL vs. SKIP) were 

analysed using Kaplan-Meier survival plots with Log-Rank tests for 

differences between the groups. 

The activity data was processed by the software MotionWare (version 

1.1.15, CamNtech Ltd, Cambridge, UK) and Microsoft® Excel® 2013 

(version 15.0.4805.1001, Microsoft corporation, Redmond, Washington, 

USA). Activity differences between the treatments (SKIP vs. CTRL) was 

divided into days of fasting (SKIP Fast) and days of feeding (SKIP Feed) 

with activity averaged for every 15 min. All activity data was analysed 

using an ANOVA for repeated measures with individual differences 

treated as a random factor and nested in Treatment. The interaction 

between Time and Treatment was also considered. The activity was at its 

highest around feeding and 6 data points around feeding (6:45-8:00 AM) 

were chosen for analysing treatment differences. To investigate activity 

differences after feeding, 6 data points in the afternoon (12:00-1.15 PM) 

were also analysed.  

Differences in glucose concentration between each treatment and time of 

day was analysed using an ANOVA with time (AM vs. PM) and 

treatment (CTRL vs. SKIP Feed and SKIP Fast) as factors within each 
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age (9 vs. 12 weeks). Tukey post-hoc comparisons were investigated with 

an interaction between treatment and time. The liver mass and total liver 

glycogen data was also analysed using an ANOVA with the three 

different treatments (CTRL vs. SKIP Feed and SKIP Fast). 

H/L ratios for CTRL and SKIP were analysed using a one-way and a two-

way ANOVA.  

3.4.2 Method comparison 

The method of counting H/L ratios was evaluated. The same area counts 

of 9 weeks old broiler breeders and the two area counts for both ages 

combined was used to evaluate the method of manually counting H/L 

ratios.  

According to Lindholm and Altimiras (2016), a Pearson correlation test, a 

paired T-test, Lin’s concordance correlation coefficient (CCC), a Bland-

Altman plot and a Model IIA regression analysis was performed to 

investigate the bias, the linear relationship and the agreement of the data. 

To calculate Lin’s CCC, an online calculator, provided by the National 

institute of Water and Atmospheric Research of New Zealand (NIWA; 

http://www.niwa.co.nz/our-services/online-services/statistical-

calculators), was used. 

The Model IIA regression was performed according to Ludbrook (2012) 

and adjusted for heteroscedasity vs. homoscedasity. The software 

Statistica 13 (Dell Inc., USA) was used to perform an ordinary least 

products (OLP) regression for the one area counts data after 

establishment of homoscedasity while a weighted least products (WLP) 

regression was performed for the two area counts data after concluding 

heteroscedasity.  

4 Results 

4.1 May-Grünwald-Giemsa staining was better than Giemsa 

The blood smears stained with Giemsa (Figure 1A), were considered to 

be inferior to blood smears stained with May-Grünwald-Giemsa (Figure 

1B). May-Grünwald-Giemsa was objectively staining the cytoplasm of 

the cells and the heterophilial granules more intensively. Together with 

information from previous research, May-Grünwald-Giemsa was 

considered to be the better alternative for staining smears. 

http://www.niwa.co.nz/our-services/online-services/statistical-calculators
http://www.niwa.co.nz/our-services/online-services/statistical-calculators
http://www.niwa.co.nz/our-services/online-services/statistical-calculators
http://www.niwa.co.nz/our-services/online-services/statistical-calculators
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Figure 1. Blood cells of red jungle fowl stained with (A) Giemsa staining and 
(B) May-Grünwald-Giemsa staining, with (1) heterophils and (2) lymphocytes 
marked. 

4.2  There was no difference in body mass 

When testing the body mass comparisons between the CTRL group and 

the SKIP group, no significant difference was detected regardless of age 

(F (1) = 0.06, P = 0.811; Figure 2). The average body mass difference 

between the groups was as low as approximately 50 g and 30 g for 9 and 

12 weeks, respectively. Body mass increased with age, with decreasing 

body mass variation within each group as age increased. The coefficient 

of variation (CV) value decreased from 9 to 12 weeks of age for the 

CTRL from 11.4 % to 7.8 % and for the SKIP from 11.6 % to 9.9 %, 

respectively.  

1 
 2 

1 

2 2 

A 

 

B 
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Figure 2. Mean ± SD for body mass (g) for (A) 9 weeks old and (B) 12 weeks 
old broiler breeder chickens subjected to daily feed restriction (CTRL), and 
chickens subjected to a 5:2 feed restriction regimen (SKIP). 

4.3 Fasted chickens approached the novel object in larger numbers 

When testing the number of chickens approaching the NO for the 9 

weeks old chickens, there was no clear distinction of one group being 

more present by the NO, besides from one time point tested for the SKIP 

group. The treatments were significantly different at the time point of 120 

s (H (4) = 9.74, P = 0.045) with the SKIP group in the morning on a 

fasting day being more present by the NO than any other group (Figure 

3A).  

While the 9 weeks old fasted animals approached the NO in the morning, 

the 12 weeks old fasted animals were more present in close proximity of 

the NO in the afternoon. There was significant differences between the 

treatments at the data point of 120 s (H (5) = 12.85, p = 0.025) with the 

SKIP group on a fasting day and in the afternoon being the most present 

group by the NO (Figure 3B). The SKIP group on a fasting day and in the 

afternoon was also significantly more present by the NO in all time point 

comparisons tested and over the entire time period of 0-120 s (H (5) = 

13.14, P = 0.022). 
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Figure 3. Novel object (NO) differences over time for (A) 9 weeks old and (B) 
12 weeks old broiler breeders between daily feed restricted (CTRL) and 5:2 
feed restricted chickens divided into days with feed (SKIP Feed) and days 
without feed (SKIP Fast) with samplings during the morning (AM) and the 
afternoon (PM). * = P < 0.05 

4.4 Tonic immobility was not affected by feeding regimen 

As the test sample order was changed from 9 to 12 weeks of age, the 

differences between ages were not statistically tested.  

Induction trials needed for inducing tonic immobility did not differ 

between groups in either 9 weeks (χ2
 (1) = 0.215, P = 0.643) or 12 weeks 

old chickens (χ2
 (1) = 2.496, P = 0.114). It was easier to induce TI in 9 

weeks old chickens on first attempt, namely 93 % for CTRL birds and 91 

% for SKIP birds (Figure 4A), in comparison with 47 % for the CTRL 

and 53 % for the SKIP group on first induction attempt at 12 weeks of 

age (Figure 4B). 

Figure 4. Percentage of induction trials (1st, 2nd, 3rd and Failure) to enter tonic 
immobility (TI) for (A) 9 weeks old and (B) 12 weeks old broiler breeder 
chickens subjected to daily feed restriction (CTRL) and a 5:2 feed restriction 
regimen (SKIP). 

The time spent in TI when induced did not significantly differ for first 

head movement recordings between the groups in either 9 weeks old (χ2 

(2) = 1.585, P = 0.453; Figure 5A) or the 12 weeks old chickens (χ2 (2) = 
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2.987, P = 0.225; Figure 5B). There was also no significant difference 

between the groups when analysing the total TI duration for 9 weeks old 

(χ2 (2) = 1.307, P = 0.520; Figure 5C) or for the 12 weeks old chickens (χ2 

(2) = 2.243, P = 0.326; Figure 5D). For the 9 weeks old chickens regarding 

first head movement, less than 10 % of the SKIP fasting chickens did not 

move their head in comparison to the CTRL group of around 20 % and 

around 30 % for the SKIP group on a feeding day. When looking at the 

12 weeks old data, there was a seemingly higher variation in first head 

movement between the treatments compared to the 9 weeks old chickens. 

Approximately 20-30 % of all animals did not move their head. Despite 

the absence of significant differences, it was noticeable that at 12 weeks 

of age considering the TI duration, the variation between the treatments 

was increased. More animals (70-80 %) stayed the total time in tonic 

immobility of the 9 weeks old animals compared to the 12 weeks old 

animals (40-70 %) with fasted animals seemingly staying shorter times in 

TI but this was not significantly different.  

 

Figure 5. Kaplan-Meier Survival plot of tonic immobility (TI) first head 
movement for (A) 9 weeks old and (B) 12 weeks old broiler breeder hens and 
TI duration for (C) 9 weeks old and (D) 12 weeks old broiler breeder hens 
subjected to daily feed restriction (CTRL) and a 5:2 feed restriction regimen 
divided into days with feed (SKIP Feed) and days without feed (SKIP Fasting).  
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4.5 Daily feed restricted chickens had higher activity levels 

The CTRL group had higher activity levels than the SKIP group 

regardless of age or feeding or fasting days. When comparing the CTRL 

group with the SKIP group on a feeding day, both the 9 weeks old and 

the 12 weeks old CTRL group had significantly higher activity during the 

morning (F (5) = 2.49, P = 0.045; F (5) = 4.02, P = 0.005, respectively), and 

especially around feeding at 7:00-7:15 AM for 9 weeks old (13.51 

counts/s, T = -4.21, P = 0.006; Figure 6A) and 12 weeks old chickens 

(16.15 counts/s, T = -4.77, P ≤ 0.001).  

Similar results could also be seen between the SKIP Fast group and the 

CTRL group that had higher activity in the morning when comparing 

with 9 weeks old (F (5) = 6.24, P = 0.001) and 12 weeks old chickens (F (5) 

= 9.48, P ≤ 0.001). The CTRL group had significantly higher activity at 

7:00-7:15 AM of 9 weeks old (9.18 counts/s, T = -4.68, P = 0.006; Figure 

6B) and 12 weeks old (10.15 counts/s, T = -6.19, P ≤ 0.001) compared to 

the SKIP Fast group.  

The 12 weeks old CTRL had higher activity in the afternoon compared to 

SKIP Feed (F (5) = 14.73, P ≤ 0.001), with higher activity at 12:15-12.30 

(6.94 counts/s, T = -7.89, P ≤ 0.001) and 12:30-12.45 (3.91 counts/s, T = 

-4.61, P = 0.003; Figure 6C). Significantly higher activity during the 

afternoon for the CTRL was also detected when comparing with the SKIP 

group on fasting days (F (5) = 10.26, P ≤ 0.001), and especially at 12:15-

12.30 (6.06 counts/s, T = -8.73, P ≤ 0.001; Figure 6D).   
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Figure 6. Activity differences over time measured in motion watch counts/s 
and averaged per 15 min. Comparisons between 9 weeks old broiler breeder 
hens subjected to daily (CTRL) and 5:2 skip-a-day feed restriction regimens 
on (A) days with feed (SKIP Feed) and (B) days without feed (SKIP Fast) and 
between 12 weeks old broiler breeder CTRL hens and (C) SKIP hens on days 
with feed (SKIP Feed) and (D) days without feed (SKIP Fast). * = P ≤ 0.05, ** 
= P ≤ 0.01, *** = P ≤ 0.001. 

4.6 Fasted chickens had lower plasma glucose levels 

The sample data from one day of the 9 weeks old chickens was discarded 

due to an unpredicted vaccination and the data for SKIP fast PM was 

therefore not analysed or presented.  

The three different treatments differed significantly from each other with 

the SKIP Fast group having significantly lower glucose concentration at 

both 9 and 12 weeks of age (F (2) = 11.71, P ≤ 0.001, F (2) = 27.90, P ≤ 

0.001, respectively).  

The glucose concentration also differed between morning and afternoon 

samples for 9 weeks old chickens (F (1) = 6.08, P = 0.016) but not for 12 

weeks old chickens (F (1) = 0.27, P = 0.605). The plasma glucose 

concentration was at its lowest (~ 9.32 mmol / L) on fasting days in the 

SKIP group regardless of age and did not change remarkably over the day 

(Figure 7). A change in glucose concentration during the day was 

however found in both the CTRL group and the SKIP group.  
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The glucose decreased for the CTRL during the day with significant 

differences for the 9 weeks old chickens (11.3 mmol / L to 10.2 mmol / 

L, T = -3.76, P = 0.003). The glucose for the SKIP group on feeding days 

did, in contrast to the CTRL group, increase during the day and was 

significantly higher in the afternoon for the 12 weeks old chickens (10.3 

to 11.5 mmol / L, T = 3.23, P = 0.020).  

 

Figure 7. Mean ± SD for glucose concentrations in broiler breeder chickens at 
(A) 9 weeks and (B) 12 weeks of age subjected to daily feed restriction 
(CTRL) and a 5:2 feed restriction regimen divided into days with feed (SKIP 
Feed) and days without feed (SKIP Fast), with differences between morning 
samplings (AM) and afternoon samplings (PM). Different lettering in bars 
indicate significant difference.  

4.7 Skip-a-day chickens had higher glycogen levels on feeding days 

SKIP chickens on feeding days had significantly higher liver mass 

compared to CTRL chickens and chickens on a fasting day (F (2) = 9.25, P 

= 0.001; Figure 8A). SKIP chickens also resulted to significantly have 

higher level of total glycogen in the liver on feeding days compared to 

CTRL chickens and SKIP chickens on a fasting day (F (2) = 19.84, P ≤ 

0.001; Figure 8B). 
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Figure 8. Mean ± SD for (A) liver mass and (B) total liver glycogen differences 
between daily- (CTRL) and 5:2 skip-a-day feed restricted broiler breeder hens 
on days with feed (SKIP Feed) and days without feed (SKIP Fast). Different 
lettering in bars indicate significant difference. 

4.8 Evaluation of the method of manually counting H/L ratios 

H/L ratios of the two different counts performed in the same exact area 

for 9 weeks old broiler breeder chickens are shown in Figure 9A. The 

H/L ratios were not significantly different (T = 1.27, P = 0.211), and 

significantly correlated (r = 0.940, P ≤ 0.001). The result from Lin’s 

concordance correlation coefficient (CCC) showed a good strength-of-

agreement in the data (ρc = 0.937), and the Bland-Altman plot, created to 

investigate the agreement graphically, showed a small bias (-0.02) and a 

confidence interval (CI) with upper and lower limits of agreement of 0.21 

and -0.26, respectively (Figure 9B). The data was also homoscedastic 

when investigating the absolute difference between the two counts of H/L 

ratios (r = 0.207, P = 0.158; Figure 9C). In order to investigate the 

possible bias further, an ordinary least products regression was 

performed, resulting showing an intercept of 0.007 (95% CI: -0.121 - 

0.134, P = 0.912), and a slope of 0.969 (95% CI: 0.827 - 1.109, P ≤ 

0.001; Figure 9D). 
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Figure 9. Evaluation of agreement between two counts of H/L ratios counted 
in one preselected marked area, containing an even spread of cells, of 
scanned blood smears of 9 weeks old boiler breeder chickens. A) Scatterplot 
of the H/L ratios of the two different counts. B) Bland-Altman plot of the 
difference between the two H/L ratio counts vs. the average H/L ratio with bias 
(-0.02) and upper and lower Limits of Agreement (0.21 and -0.26, 
respectively). C) Scatterplot with Pearson correlation coefficient and absolute 
differences between two H/L ratio counts. D) Scatterplot of two H/L ratio 
counts with Model IIA regression estimates (y = 0.007 + 0.969x). 

To evaluate the method further, H/L ratio counts of two different areas of 

a smear were analysed for the data from 9 weeks old and 12 weeks old 

broiler breeder chickens. The different counts of the two areas were not 

significantly different (T = -0.29, P = 0.772) and significantly correlated 

(r = 0.642, P ≤ 0.001; Figure 10A). The Lin’s CCC analysis for 

investigating the agreement in the data showed a bad strength-of-

agreement between the two counts (ρc = 0.627), and the Bland-Altman 

plot showed a small positive bias (0.01) and a broader CI with upper and 

lower limits of agreement (0.58 and -0.57 respectively; Figure 10B) than 

for the one area counts. The two area data also turned out to be 

heteroscedastic (r = 0.357, P ≤ 0.001; Figure 10C) and had an intercept of 
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-0.196 (CI: -0.489 - 0.097, p = 0.182) and a slope of 1.115 (CI: 0.707 - 

1.522, P ≤ 0.001; Figure 10D). 

Figure 10. Evaluation of agreement between two counts of H/L ratios, counted 
in two preselected marked areas, containing an even spread of cells, of 
scanned blood smears of Ross 308 broiler breeder chickens. A) Scatterplot of 
the original H/L ratio data of the two different counts. B) Bland-Altman plot of 
the difference between the two H/L ratio counts vs. the average H/L ratio with 
bias (0.01) and upper and lower Limits of Agreement (0.58 and -0.57 
respectively). C) Scatterplot with Pearson correlation coefficient and absolute 
differences between two H/L ratio counts. D) Scatterplot of two H/L ratio 
counts with Model IIA regression estimates (y = -0.196 + 1.115x). 

4.9 Chickens on a 5:2 skip-a-day regimen had higher H/L ratios 

The analysis between the treatments showed that the H/L ratio was not 

significantly different between 9 weeks old CTRL- and SKIP chickens (F 

(1) = 2.98, P = 0.091), but a significant difference was however found 

between the two groups at 12 weeks of age (F (1) = 5.81, P = 0.020; Figure 

11). 
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Figure 11. Mean ± SD for H/L ratios of (A) 9 weeks and (B) 12 weeks old 
broiler breeder chickens subjected to daily feed restriction (CTRL) and a 5:2 
feed restriction regimen (SKIP).  

5 Discussion 

The present study aimed to investigate physiological and behavioural 

differences of two different groups of feed restricted broiler breeder 

chickens. Broiler breeders were randomly sampled at an age of 9 weeks 

and another group of breeders at an age of 12 weeks. Body mass 

comparison between daily feed restricted CTRL chickens and the SKIP 

chickens set on a 5:2 feeding regimen did not significantly differ. The TI 

did not significantly differ between groups but the NO-test showed that 

fasting animals significantly approached the NO in higher numbers at 12 

weeks of age which would presume that these animals were less fearful. 

On fasting days, the glucose concentration was also significantly lower 

for the SKIP group and the activity differences between the SKIP group 

and the CTRL were, regardless of feeding or fasting days, lower for SKIP 

birds. Most results concerning the comparisons between the CTRL and 

the SKIP group, would presume that the SKIP group experiences better 

welfare than daily-fed chickens, but not when it comes to H/L ratios. The 

SKIP group had significantly higher H/L ratios at 12 weeks of age 

compared to the CTRL, but as there is some controversy regarding 

manually counting H/L ratios, an evaluation of the method was made.  

When counting H/L ratios manually there are some questions to consider, 

such as if the method really provides a reliable H/L ratio that is 

representative for the individual. Several studies agree on the fact that the 

method is time consuming and provides imprecise and inadequate results 

that are difficult to interpret (Jones et al., 1995; Swaim, 1991). The 

results from the one area counts evaluation showed that the two counts of 
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the same area were not significantly different, had a good strength-of-

agreement with a small spread in the data and had a small bias. The 

results from the ordinary least products regression did yet show a small 

proportional bias of the slope according to Mesplé et al. (1996). This 

interpretation does not include fact that the best linear fit included the line 

of equality in the CI and that the two counts were more or less equivalent. 

This is why the bias is small and the interpretation by Mesplé et al. 

(1996) may be wrong. However, since the other analyses provides results 

suggesting that the data is consistent between counts, the evaluation 

would assume that the method is reliable when counting one area several 

times. This can further on be interpreted by that I was consistent in 

detecting the wanted white blood cells, which does not fully give an 

answer on the reliability of the actual method.  

Lentfer et al. (2015) argue that the individual H/L ratio is consistent if 

you count a smear duplicate, which also means that you should get the 

same H/L ratio regardless where on the smear you count. The evaluation 

of the two area counts in the present study did, however, not provide 

consistent data. The data turned out have a bad strength-of-agreement, to 

have a broader CI than for the one area counts and had a larger spread. 

The data was also heteroscedastic, meaning that the residuals did not 

have constant variation in the dataset. The results from the model II 

regression showed that the intercept was not significant from 0 but the 

slope of the two area counts turned out to be significantly different from 1 

which proposes the data to have a proportional bias according to Mesplé 

et al. (1996). But as mentioned above, the line of equality is included in 

the CI with the best linear fit and here each region is not representative to 

each other so the bias is not relevant. The variation within and between 

the two different counts is the problem, not the bias so the error cancels 

out. With these results, the interpretation is that counting one area of a 

smear does not provide a reliable H/L ratio that is representative for the 

individual. The option for attaining reliable H/L ratios would be to count 

more cells but the manual method is already time consuming and requires 

good discrimination of the different leukocytes. Other methods for 

distinguishing and count cells is to use automated haematology analysers 

(Post et al., 2003; Jones et al., 1995). Jones et al. (1995) provides an 

evaluation of three different haematology analysers that correlate 

between 60-95% with reference values in detecting different leukocytes 

in humans. Post et al. (2003) also show results, using broilers, with lower 

correlation coefficients between an automated haematology analyser and 

a manual count than the correlation between two manual counts. This 
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means that even with a haematology analyser, the exact H/L ratio cannot 

be determined. There is a need for a way to determine H/L ratios, a 

system that is time efficient, cheap and that provides reliable results.  

Although the method evaluation indicates that the individual H/L ratio 

data as measured in the present study is full of doubt, the method still 

provides H/L ratios on a group level that is valid. The H/L ratio for the 

SKIP group is still higher than for the CTRL. This would assume that the 

SKIP is more stressed by the 5:2 feeding regimen. Morrissey et al. 

(2014a) propose that birds on a 4:3 regimen become accustomed to their 

feeding schedule with alternate days of feeding and fasting. The 5:2 

regimen of the present study, however, was set to have fasting days on 

Sundays and Wednesdays, with 3 and 2 days of consecutive feeding in 

between. One could presume that this type of protocol is too difficult for 

the chickens to remember and therefore get stressed by the unpredictable 

fasting days, which is also supported by the activity data discussed later 

on. Although, when comparing the H/L ratio level with other studies, 

which is around 0.5 (Uzum and Oral Toplu, 2013; Aziz, 2012; 

Türkylimaz, 2008; Talebi et al., 2005; Altan et al., 2003; Khajavi et al., 

2003; De Jong et al., 2002; Altan et al., 2000; Gross and Siegel, 1983), 

the H/L ratios of the present study were higher than the reported limits of 

stress, including the H/L ratios of the CTRL. Birds of both feed 

restriction treatments were stressed, the H/L ratios was only higher for 

the SKIP group. Studies on stress show that feed restricted broiler 

breeders show increased H/L ratios when comparing with ad libitum fed 

broiler breeders (Hocking et al., 1993).  

It is important to consider that high H/L ratios, as an effect of feed 

restriction in the present study, are a sign of chronic stress. H/L ratios are 

influenced by the level of CORT in the blood and CORT stimulates 

feeding behaviour and increases energy reserves in the body (De Jong et 

al., 2002). A change in CORT secretion may however also be connected 

to the metabolic effects of feed restriction as CORT regulates glucose in 

the blood (Liu and Zhao, 2014; De Jong et al., 2002; Vleck et al., 2000; 

Simon, 1984).  

Increased CORT in feed restricted birds could not only be a cause of 

stress but also be a response to altered intermediary metabolism together 

with another feed intake pattern caused by different feed restriction 

regimens (De Jong et al., 2002).  



  
26 

In the present study, the H/L ratio data suggests that the SKIP birds are 

more stressed than the CTRL birds but the other results provides another 

view to this. Low growth performance has been connected to chronic 

stress (Wang et al., 2013), but the two treatments in the present study did 

not differ as they were managed to achieve equal body mass. This result 

is in accordance with previous studies where chickens given feed on a 5:2 

regimen were not significantly smaller than chickens fed on a daily basis 

(De Beer and Coon, 2007). This was however only the case up until an 

age of 14 weeks according to the findings of De Beer and Coon (2007), 

where daily fed birds outgrew SKIP birds at 20 weeks of age. Bartov et 

al. (1987) also propose that birds on a skip-a-day regimen cannot fully 

utilize the nutrients in the food as they get more food per feeding day, 

which later also was published by De Beer and Coon (2007). These 

explanations would be the reason why the SKIP-fed broiler breeders turn 

out to be smaller at higher age although it was not found in the present 

study. The flock uniformity is reported to be superior in skip-a-day fed 

flocks (Bartov et al., 1987), but the present study does not agree on this 

fact although no significant difference was found. The coefficient of 

variation in body mass was higher in the SKIP group, although the 

difference was small. De Beer and Coon (2007) do, however, argue that 

the uniformity in body mass increases with age. The higher body mass 

variation in the SKIP group could therefore be explained by the low age 

of the two treatments.   

The tonic immobility (TI) test is considered to be a measure of fear, and 

Jones and Faure (1981) report that handling time is influencing the TI 

response. When weighing the 9 week old chickens, the TI test was 

performed directly after. In order to weigh the chickens, they were 

hanged by their legs from the scale. Jones (1992) report that rough 

handling, such as holding the chicken by its legs and inverted, increases 

TI duration as well as time until first head movement. Because the 

handling time before the TI test was longer and rough for the 9 weeks old 

chickens, it could be the reason for why the animals were so easily 

induced compared to the 12 week old animals that were weighed after the 

TI test. When induced, the groups did not significantly differ in either age 

group. The SKIP group on a fasting day did however seemingly stay 

shorter times in TI when reaching an age of 12 weeks but it was not 

significant. One reason for why there was not a difference between 

treatments regarding TI could be that the test was not performed on 

enough animals. In future research, more chickens should be tested 

within each treatment and preferably with equal sample sizes.  
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Another way to measure fear in chickens is to present a novel object (NO; 

Jones, 1996, cited by Skinner-Noble et al., 2003). The SKIP animals on a 

fasting day significantly approached the NO more. The degree of feed 

restriction has been reported to reduce fearfulness in broiler breeders 

(Hocking et al., 2001; Savory et al., 1993b), and the approach to the NO 

could be explained by reduced fearfulness when hungry (Skinner-Noble 

et al., 2003).  

On fasting days for the SKIP group, the glucose concentration was also 

significantly lower and steady over the day. This result is contradicted by 

De Beer et al (2008) that report that SKIP birds show an increase of 

glucose 28h after feeding, which would be present during a fasting day 

according to their study.  When looking at the glucose results for the 

SKIP on a feeding day in the present study, it is interesting that it 

increases during the day and does not correspond to the glucose decrease 

during the day of the CTRL group. De Beer et al. (2008) report a 

decrease in glucose concentration both for chickens on a 4:3 SKIP 

regimen and daily fed chickens, which also contradicts the results of the 

present study. The increase in glucose for the SKIP group on a feeding 

day could be explained by the liver mass and the glycogen results. The 

liver is one of the major glycogen storages in birds (Bennett et al., 2007), 

and SKIP chickens on feeding days had significantly heavier livers and 

higher levels of glycogen. These results imply that the SKIP group store 

glucose as glycogen in the liver, so that glucose as energy can be used 

later during the day or during a possible fasting day. Which previously 

also has been reported by Rosebrough et al. (1984).  

The glucose differences between the groups could also partly explain the 

activity differences between the groups, as low energy affects general 

activity (De Jong et al., 2002). Morrissey et al. (2014a) propose that the 

birds learn when to expect fasting days and are less active during fasting 

days as a response to that. What is interesting in the results of the present 

study is that the SKIP group is significantly less active regardless of a 

feeding or a fasting day compared to the CTRL. The SKIP group also 

show an anticipatory activity peak around 7:00 AM that is shifted to 7:15 

AM during a fasting day, which would assume that the SKIP group has 

not learnt when to expect a fasting day. As mentioned above, the feeding 

schedule may be too difficult to remember for the chickens although the 

glycogen result suggests that the SKIP chickens were habituated to their 

regimen, at least to a certain point. This anticipatory activity peak for the 

SKIP chickens on a fasting day around the time of expected feeding 
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could also be due to that the lights were turned on by 7:00 AM, although 

this thought does not explain the activity peak shift that is seen on fasting 

days but not on feeding days for both SKIP- and CTRL chickens. The 

light was also very dim, not more than 4 lx, to ensure low activity levels 

and aggression which is also explained by Olanrewaju et al. (2006), and 

contradicts that the activity peak for fasted SKIP chickens was only due 

to light. 

The higher anticipatory level of activity for the CTRL group around 

feeding could be explained by the higher level of competition for food 

between the chickens as the amount of food was less than for SKIP birds 

(Zuidhof et al., 2015; de Jong and Guémené, 2011; D’Eath et al., 2009; 

de Beer et al., 2008; Jones et al., 2004; Bartov et al., 1987). D’Eath et al. 

(2009) also argue that general activity increases with feed restriction 

severity, which would mean that the CTRL chickens were more active 

during the day because of hunger frustration (Mench, 2002) and this 

could be a sign of worse welfare. 

5.1 Conclusion 

Feed restriction clearly affects broiler breeder welfare. Regardless of 

group differences, the H/L ratio evaluation showed that this method was 

not reliable on the individual level but was acceptable on a group level. In 

the present study, both the chickens fed on a daily (CTRL) basis and the 

skip-a-day group fed on a 5:2 feeding regimen (SKIP) was concluded to 

be stressed with high heterophil to lymphocyte (H/L) ratios. Although the 

H/L ratio was slightly higher for the SKIP group, the animals showed 

lower levels of activity and were less fearful. The SKIP group also stored 

glucose as glycogen in the liver on feeding days which indicates that they 

were habituated to their feeding regimen. With disregards of the H/L 

ratio, the 5:2 skip-a-day feed restriction regimen provides promising 

results for better welfare compared to daily feed restriction.  

5.2 Societal and ethical considerations 

The production for chicken meat is high in the world and the number of 

chickens exceeds the number of humans, as there was over 96 million 

tonnes of chicken meat in the world 2013 (FAOSTAT). The production 

pressure has led to an evident selection for high growth rate in broilers. 

High growth rate in broilers leads to a number of physical and 

physiological problems such as: leg disorders, fertility issues, 

cardiovascular diseases and obesity (De Jong and Guémené, 2011). These 
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problems pose a threat to welfare, which could be divided into five 

aspects:  

1. Freedom from pain, injury and disease 

2. Freedom from hunger and thirst 

3. Freedom from fear and distress 

4. Freedom from discomfort  

5. Freedom to express normal behaviour 

Unless the five freedoms are fulfilled, the animal is considered to 

experience bad welfare. A problem that is frequently debated today is 

how to enable good welfare standards and combining this with the high 

production pressure.  

Broilers do not fulfil the majority of the five freedoms and the broiler 

breeders are feed restricted in order to reduce the growth rate and ensure 

fertility. The different feed restriction regimens poses a negative impact 

on the physical health of the birds and on welfare, as it does not fulfil the 

freedom from hunger.  

Research on feeding regimen differences and welfare provides 

knowledge and ways to tackle the welfare issues that the broiler breeders 

are subjected to. With higher amount of food on feeding days with a skip-

a-day regimen, these chickens could possibly be less hungry than daily 

fed chickens. The present study provides information on feed regimen 

differences in regards to welfare, with the 5:2 skip-a-day regimen, that is 

legally prohibited in Sweden, seemingly provides better welfare standards 

in comparison to daily feed restriction.  
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