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Sammanfattning/Abstract 

There has long been evidence for increased lipids in the liver of chickens exposed to feed 

restriction, commonly used for production hens. Lipogenesis is an important part of the 

metabolism and storing of glucose, a source of energy. Few studies compare the difference of 

lipids in the liver in chickens between regular feed restriction and skip-a-day diets, despite 

differences in lipid content found in other organs and in overall carcass. In this study I 

experimentally investigate if a difference in lipid content can be found in broiler breeders exposed 

to two different feeding regimes, 65 % feed restriction and 5:2 skip-a-day, along with the 

difference between days and time points (a.m. and p.m.). I also experimentally investigate the 

effect on dry weights of the liver. I expected to see a difference in lipids of the liver, with an 

increase found in skip-a-day birds. However, a difference could only be observed in the dry 

weights of the livers in birds exposed to skip-a-day feeding. Although there was no significant 

change in lipids, there is a pattern for increase in lipids in skip-a-day birds. Therefore, the 

conclusion can be drawn that an increase in lipogenesis caused by skip-a-day diet exists but it was 

not big enough to cause a significant difference in lipid content. For the dry weights of the livers, 

we can suspect lipids and glycogen as the reason for the increased weight but to determine exactly 

how these two components affect the skip-a-day birds’ further inquiry is needed. 
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1. Abstract 

There has long been evidence for increased lipids in the liver of chickens 

exposed to feed restriction, commonly used for production hens. 

Lipogenesis is an important part of the metabolism and storing of glucose, 

a source of energy. Few studies compare the difference of lipids in the liver 

in chickens between regular feed restriction and skip-a-day diets, despite 

differences in lipid content found in other organs and in overall carcass. In 

this study I experimentally investigate if a difference in lipid content can be 

found in broiler breeders exposed to two different feeding regimes, 65 % 

feed restriction and 5:2 skip-a-day, along with the difference between days 

and time points (a.m. and p.m.). I also experimentally investigate the effect 

on dry weights of the liver. I expected to see a difference in lipids of the 

liver, with an increase found in skip-a-day birds. However, a difference 

could only be observed in the dry weights of the livers in birds exposed to 

skip-a-day feeding. Although there was no significant change in lipids, 

there is a pattern for increase in lipids in skip-a-day birds. Therefore, the 

conclusion can be drawn that an increase in lipogenesis caused by skip-a-

day diet exists but it was not big enough to cause a significant difference in 

lipid content. For the dry weights of the livers, we can suspect lipids and 

glycogen as the reason for the increased weight but to determine exactly 

how these two components affect the skip-a-day birds’ further inquiry is 

needed. 

2. Introduction 

In today’s commercial market there is a high increase in consumption of 

poultry meat. Broiler chickens are today commonly used for meat 

production and to keep up with the demand, selection for higher 

productivity has become a priority. This has led to physiological and 

behavioural problems that affect the animal’s welfare (Nir et al 1996), 

among these is the infertility in males and a poor egg production in hens 

(Griffin and Goddard 1994). This has led to a constant feed restriction from 

40 % up to 75 % (Katanbaf et al 1989; Savory et al 1996; Leeson and 

Summers 2000) in broiler hens (also referred to as broiler breeders) to help 

them reach reproductive maturity (Leeson and Summers 2000). This feed 

restriction leads to longer living broiler breeders that are reproductively 

able and produce healthier young that can grow fast. This problem of 

wanting high productivity at the same time as needing to feed restrict the 

animals for their health’s sake is referred to as the broiler breeder paradox 

(Decuypere et al 2006).  
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Feed restriction and/or different food regimes has positive effects on many 

physiological mechanisms such as reproductive performance (Bruggeman 

et al 1999). Along with different percentages of feed restriction there are 

other regimes that are used. Among these is the 5:2 diet, where the animals 

are feed for two days before being fasted (skip day) and then feed for three 

days before fasting. They receive the same amount of food that birds fed 

daily would get but spread over less days. One of the positive effects of 

feed restriction is the increase in reproductive success found in broiler 

breeder females (Bruggeman et al 1999). Today feed restriction is used 

more frequently and heavily on animals in the rearing period (up to 

approximately 20 weeks of age) (Renema and Robinson 2004). Feed 

restriction before the age of 20 weeks can cause a difference of up to 50 % 

in body weight (Yu et al 1992) and it has a positive effect on reproductive 

performance (Bruggeman et al 1999). 

Broiler breeders has since 1957 had an increase in body weight of almost 

43 %, that has been followed by an increase in liver weight (Zuidhof et al 

2014) which indicates an increase in liver lipogenesis (Van der Klein et al 

2016; Leveille et al 1974) a step in the storing and metabolism of glucose 

(Leveille et al 1974). An early study on feed restriction for birds showed a 

fluctuation in building up fat stores and then depleting them (Leveille et al 

1974) and it was made clearer in further studies that an intermittent feeding 

schedule will cause further increase in lipid metabolism (Rosebrough et al 

1988). Van der Klien et al (2016) showed that a higher degree of feed 

restriction in the first few weeks of life resulted in higher liver weights, 

although the study stopped at 35 days of age (Van der Klein et al 2016), 

this supports the results previously found by Leveille et al (1974) and 

shows that the effects can be found early in a bird’s life.  

In this study I will compare the different effects of 65 % feed restriction 

and 5:2 skip-a-day diet have on the lipid content of broiler breeder livers. 

My hypothesis is that the birds on the 5:2 diet will store more lipids in their 

liver during feeding days, and the maximum amount should be found in the 

birds the second day of feeding after a skip day due to this giving them 

ample amount of time to build-up fat. I will also look at the dry weight of 

the livers to investigate what this information says about the proportion of 

lipids in the liver. 
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3. Materials and method 
3.1 Sampling 

One bird was excluded from the results due to abnormalities found during 

dissection. Liver samples from 61 commercially raised broiler breeders 

from SweHatch AB were obtained. The chickens were raised until 12 

weeks of age under two different feed regimes before being euthanized and 

later dissected. The first group was feed once a day with a 65 % feed 

restriction and the second group was raised on a 5:2 skip-a-day food 

regime, these two main groups was then divided into smaller groups. The 

5:2 skip-a-day group were fed two or three days and then fasted. The birds 

were fed in the morning and six samples were taken from each group on 

two different times of the day (morning and afternoon) and also on each 

day in the food regime (but not on the third day of feeding for skip-a-day 

birds) meaning any day for the 65 % feed restriction and for the 5:2 skip-a-

day feeding on the skip day, first day after feeding and on the second day 

of feeding. Samples were also taken from individuals in the daily feed 

group that was fasted for one day, six samples were collected on the skip 

day and on the day after skipping. These samples were collected in the 

morning. All the smaller groups were given different abbreviations. For the 

5:2 skip-a-day diet there are skip day (SSK), first day after feeding (SF1, 

Fed 1) and second day after feeding (SF2, Fed 2). For the 65 % feed 

restriction there are the daily fed (DF0), Daily fed skip day (DSK) and the 

daily feed first day after skip day (DF1). AM and PM are used as 

abbreviations for morning and afternoon. The livers were removed and 

frozen in -80oC.  

3.2 Lipid extraction 

Folch’s method for lipid extractions was used to extract lipids from the 

livers (Folch et al 1957; Ametaj et al 2003). 250 mg of liver tissue was 

weighed, homogenized in 5 mL of 2:1 chloroform-methanol solution with a 

mixer and then incubated for two hours in 4oC while shaking. 1 mL of 

water was then added and the samples were vortexed before centrifugation. 

The upper phase was then discarded and the interface was washed three 

times with 3 mL of chloride:methanol:water solution. The sample was then 

moved to glass tubes through a funnel with filter paper. The glass tubes 

were placed on a heat block at 60oC for 24 hours. The weight of the glass 

tubes was measured before and after use so that lipids remaining in the tube 

after extraction provided information on the total amount of lipids in the 

liver. 
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3.4 Liver dry mass 

Three pieces of foil were cut and weighed for each sample bird. For each 

foil a piece of the liver was weighed, each piece weighing between 500-

1000 mg. Samples were put into an oven at 85oC for four-five days, once 

removed they were left to cool at room temperature for two hours before 

being weighed. 

3.5 Lean estimated body weight 

Lean estimated body weight was calculated by subtracting food mass 

(found in the gastrointestinal tract) and gizzard fat, both collected during 

dissections, from the live body weight. 

3.6 Statistical analysis 

Statistical analysis was performed using Pearson correlation, general linear 

model and One-way ANOVA followed by a post hoc Tukey test were 

significant differences could be found. Statistical analysis was performed in 

Minitab 17.  

4. Results 

A Pearson correlation was used to look at the correlation between the liver 

weights and the estimated lean body weight. The results showed that the 

increase of body weight does not correlate with the increase in liver weight 

(r(59) = 0.559, p=0.000). 

The results show no difference in total lipids (g) (Figure 1) or lipid 

concentration (mg/g) (Figure 2) for any of the different groups when 

corrected for estimated lean body weight used as a covariance in the 

statistical analysis. The results were correlated for estimated lean body 

weight account for if the different body weights. 
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Figure 1: Box plot showing total amount of lipids (g) in the liver for the 10 
groups; DF0 (daily fed birds), DF1 (daily fed birds, day after skip), DSK (daily 
fed birds on skip day), SF1 (skip birds, first day after skip), SF2 (skip birds, 
second day after skip), SSK (skip birds, skip day); AM – morning samples and 
PM – afternoon samples. Boxes showing interquartile range and the line 
showing median values. Whiskers showing the 95% confidence interval. 

 

Figure 2: Box plot showing lipid concentration (mg/g) for the 10 groups; DF0 
(daily fed birds), DF1 (daily fed birds, day after skip), DSK (daily fed birds on 
skip day), SF1 (skip birds, first day after skip), SF2 (skip birds, second day after 
skip), SSK (skip birds, skip day); AM – morning samples and PM – afternoon 
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samples. Boxes showing interquartile range and the line showing median 
values. Whiskers showing the 95% confidence interval. 

Liver mass (g) corrected for estimated lean body mass showed a significant 

difference between days with a higher liver mass in SF1 and SF2 (F(5,47) 

= 16.28, p = 0.000). A significant difference between the groups was found 

(F(9,50) = 11.14, p = 0.000). SF1.PM and SF2.PM is significantly different 

from all groups except the other skip fed days (SF2.AM and SF1.AM). 

While DF1.AM is significantly different from all skip fed days (SF1 and 

SF2) but not from the other daily fed and skip day birds at p < 0.05 (Figure 

3).  

 

Figure 3: Box plot showing liver mass (g) for the 10 groups; DF0 (daily fed 
birds), DF1 (daily fed birds, day after skip), DSK (daily fed birds on skip day), 
SF1 (skip birds, first day after skip), SF2 (skip birds, second day after skip), 
SSK (skip birds, skip day); AM – morning samples and PM – afternoon 
samples. Boxes showing interquartile range and the line showing median 
values. Whiskers showing the 95% confidence interval. Dissimilar letters 
indicate significant differences between groups. 

Dry liver weight (%) showed a significant difference between days with a 

higher percentage in dry liver weight in SF1 and SF2 (F(5, 45) = 5.25, p = 

0.001). A significant difference between the groups was found (F(9,43) = 

7.39, p = 0.000). SF1.PM was significantly different from all groups except 

SF2.PM and SF2.AM. While DF0.PM, DF0.AM, SF1.AM, DSK.AM, 

DF1.AM, SSK.PM and SSK.AM are significantly different from SF1.PM 

but not from SF2.PM and SF2.AM at p < 0.05 (Figure 4). 
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Figure 4: Box plot showing dry liver weight (%) for the 10 groups; DF0 (daily fed 
birds), DF1 (daily fed birds, day after skip), DSK (daily fed birds on skip day), 
SF1 (skip birds, first day after skip), SF2 (skip birds, second day after skip), 
SSK (skip birds, skip day); AM – morning samples and PM – afternoon 
samples. Boxes showing interquartile range and the line showing median 
values. Whiskers showing the 95% confidence interval. Dissimilar letters 
indicate significant differences between groups. 

Total dry liver mass corrected for estimated lean body weight (g) showed a 

significant difference between days with a higher total dry liver mass in 

SF1 and SF2 (F(5, 36) = 5.91, p = 0.000). A significant difference between 

the groups was found (F(9,43) = 12.65, p = 0.000). SF1.PM was 

significantly different from all groups except SF2.PM and SF2.AM. While 

SSK.PM, DF0.AM and DF1.AM are significantly different from SF1.PM, 

SF2.PM, SF2.AM but not from SF1.AM, DF0.PM and DSK.AM at p < 

0.05 (Figure 5). 
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Figure 5: Box plot showing the total dry liver mass (g) for the 10 groups; DF0 
(daily fed birds), DF1 (daily fed birds, day after skip), DSK (daily fed birds on 
skip day), SF1 (skip birds, first day after skip), SF2 (skip birds, second day after 
skip), SSK (skip birds, skip day); AM – morning samples and PM – afternoon 
samples. Boxes showing interquartile range and the line showing median 
values. Whiskers showing the 95% confidence interval. Dissimilar letters 
indicate significant differences between groups. 

5. Discussion 

In this study I have shown that an increase in lipid content cannot be found 

in birds exposed to skip-a-day feeding even though this has been seen in 

previous studies (Rosebrough et al 1988). I also showed that the dry weight 

of the liver does not coincide with lipid content of the liver and a different 

reason for an increase in skip-a-day birds for the dry weight has to be 

considered. Here I will discuss my results and draw conclusions as to what 

they might tell us about the lipid content of birds exposed to 65 % feed 

restriction and 5:2 skip-a-day diet.   

The results from the Pearson correlation showed that approximately 75 % 

of the variation in the data cannot be explained by the relationship between 

liver weight and body weight, meaning that something else is needed to 

explain the liver weights of these birds. This can be contributed to the fact 

that the liver is the main organ responsible for lipogenesis in chicken, being 

four times more active than the rat liver (Leveille et al 1974) and the 

increase in liver lipogenesis found in birds exposed to feed restriction 
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(Leveille et al 1974; Rosebrough et al 1988) resulting in bigger livers with 

a higher lipid content. 

The results from the lipid content of the livers do not coincide with the 

stated hypothesis. The lack of difference found both in the total lipid (g) 

and lipid concentration (mg/g) in all groups shows that although an 

increased liver lipogenesis has been found in birds exposed to intermitted 

feeding (Rosebrough et al 1988), this increase does not expand past the 

increase found in birds exposed to feed restriction (Leveille et al 1974). 

Studies show that it is not only the form of food regime birds experience 

that determine the lipid metabolism, but other factors such as dietary 

proteins have been shown to have an important impact (Rosebrough et al 

1988). High protein diets (Rosebrough et al 1988) and high fat content 

(Latour et al 1994) have shown a decrease in lipid metabolism (Rosebrough 

et al 1988; Latour et al 1994).  

The lack of build-up of fat in the birds exposed to the 5:2 skip-a-day diet 

does however not agree with the result found in other studies where birds 

exposed to skip days accumulated more carcass fat than birds feed ad 

libitum and feed restricted birds (Katanbaf et al 1989; de Beer and Coon 

2007), which de Beer and Coon (2007) speculated was due to an increased 

liver lipogenesis (de Beer and Coon 2007). If this was also true in this case 

this should have shown itself as an increase in lipid content in the liver in 

birds on the 5:2 skip-a-day diet. Although the statistical analyses do not 

show a significant result, the pattern for how the lipids were expected to 

look can be seen in the individual value plot for total lipids (g). 

It should also be mentioned that previous data collected by the research 

group (Jordi Altimiras et al, unpublished) show a clear difference in their 

lipid results between the two food regimes, 65 % feed restriction and 5:2 

skip-a-day diet with an increase in lipid content in skip-a-day birds during 

feeding days (Jordi Altimiras et al, unpublished data). Considering this, 

there is a problem in this study of very few samples in every group which 

could affect the results. In this case by simply not giving enough power to 

the statistical analysis to show a significant result at p < 0.05 even though 

the difference it might actually be there. 

The dry liver samples showed different significant results. The results for 

the dry liver weight (%) showed that the skip birds, feeding day one (p.m.), 

has less amount of water in the liver than all other groups except for both 

groups of skip birds, feeding day two. The results for the total dry liver 

mass (g) also showed that skip birds, feeding day one (p.m.) along with 
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skip birds, feeding day two (p.m.) are different from the Skip birds, skip 

day, but also different from all daily birds except daily fed birds (p.m.). The 

lack of similar result from the statistical analyses for the lipids indicates 

that the reason for this increase is not due to lipid accumulation in the liver.  

But taken into account that the liver mass (g) results showed an increase in 

liver mass in the skip birds during refeeding (feeding after a skip day) (SF1 

and SF2), although skip birds, feeding day one (p.m.) and skip birds, 

feeding day two (p.m.) are the only two groups that had significant 

difference from the other groups. This together with the hint of an increase 

in the lipids, there is still a chance that the reason for at least some of the 

increase in liver weight and dry liver weight is due to an increase in lipid 

content. The results for liver mass together with the dry liver sample result 

also show that the increase in liver weight is partly due to an increase in 

water content of the liver. 

Another explanation for the dry liver sample results could be the increase 

in glycogen synthesis present in chickens exposed to feed restriction 

(Leveille 1966). Just like lipids the amount of glycogen in the liver will 

increase during times of refeeding (de Beer et al 2007) which would give 

high glycogen results in the skip birds. Glycogen has a high ability to bind 

water (Brittain and Geddes 1978) and my result showing a high water 

content in skip birds during refeeding indicates high glycogen levels and 

that it is possibly responsible for some of the increase found in dry liver 

weight.  

Renema et al (1999) used birds divided into different body weight groups 

to look at several factors, among these the water content of their carcasses. 

What they found was that the low group, containing birds with a below 

standard body weight had a lower lipid content but a higher water content. 

The water to lipid ratio was 11.1, but the same ratio was only 4.8 in feed 

restricted birds (Renema et al 1999). In their study they did not look at the 

liver, but the results for the carcass appear to be similar to the results found 

in this study. Although the ratio changed in feed restricted birds it gives a 

possible reason for the result found in this study.  

All of these things together (lipid, water and glycogen) can be the reason 

for an increase in liver weight and should be taken into account when 

evaluating the effects of different forms of feed restriction. 
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5.1 Ethical and social aspects 

Although feed restriction has been shown to have a positive effect on 

broiler breeder’s health it also gives a higher corticosterone concentration 

in feed restricted breeder before the age of 20 weeks (Hocking et al 1996). 

It is clear that these animals are living under stressful conditions and that 

there is a need to improve their welfare conditions. A study by Mench 

(2002) showed that these stress levels can be decreased if the animals are 

daily feed or on a 5:2 diet (Mench 2002). This gives a motive to understand 

how these two different diets affect the health of the animals and if one is 

preferable to the other. With my study I hoped to show that there is a 

difference in how the animals on different diets build up and use fat in the 

liver, which together with other information can show that there is a health 

benefits of one of these diets. The right diet can then be applied in the 

commercial industry resulting in healthier chickens without a loss in 

productivity. Ethical permit M71-14 was acquired by Jordi Altimiras and 

his research group. Euthanasia and dissections is necessary to be able to 

look at the lipid content of the livers. 

5.2 Conclusion 

To conclude, even though the birds were exposed to different feeding 

regimes they show no statistical difference in lipid content of the liver. 

Despite the hint of a pattern in the total lipids there is no difference 

between the groups. This indicates that there is no significant increase in 

liver lipogenesis in birds exposed to the 5:2 skip-a-day diet despite 

previous studies showing this possibility. What could be found is a 

difference in liver mass (g), dry liver weight (%) and the total dry liver 

mass (g). This difference shows an increase in liver weight in skip-a-day 

birds during refeeding something that was expected if the lipid content 

would have followed the same pattern. But it does show an increase in 

water content and glycogen content. It is therefore possible that the 

increase in liver weight in feed restricted birds is due to a combination of 

lipids, water and glycogen. But further studies looking into the liver content 

and comparing the different components found there with different food 

regimes is needed to clearly determine this. 
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