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Abstract 
The effect of feed restriction duration on growth performance, physico-chemical 

characteristics and fatty acid composition of meat from broilers 

By 

Ziphozihle Gobane 

The main objective of the study was to determine the effect of feed restriction duration on 

growth performance, physico-chemical characteristics (colour, ultimate pH, tenderness and 

cooking loss) and fatty acid composition of meat from broilers. A total of 144 day-old broiler 

chicks were reared in a deep litter system until slaughter at 42 days.  All the chicks were 

managed in one brooding house for the first 21days. On day 22, the chicks were randomly 

allocated to three treatments; the control (T1), one week of feed restriction (T2), and two weeks 

of feed restriction (T3). Three broiler houses with uniform conditions were sub-divided into three 

compartments. The birds were randomly allocated to each of the nine compartments. Each 

treatment was replicated three times with 16 birds per compartment being fed as a group and 

each bird was regarded as the experimental units. The average daily gain (ADG), average daily 

feed intake (ADFI) and the feed conversion ratio (FCR) were computed for each chick each 

week. Chickens were all slaughtered at 42 days of age and the slaughter weight, carcass weight, 

and internal organs weights were recorded. Physico-chemical qualities of chicken breast meat 

such as colour (L*-lightness, b*-yellowness, a* redness, saturation index and hue angle) and 

meat ultimate pH (pHu) measurements were taken over a 10 days shelf-life period. Breast muscle 

was also sampled for cooking loss, tenderness and fatty acid profiles. There were treatment 

effects on the growth performance of broiler chickens. There was no significant effect (P > 0.05) 

on the relative weights of the chicken heart, liver, gizzard, feet and heads among the treatment 

groups except for intestine weight. Treatment 1 had higher live weight than treatment 2 and 3. 

There was significant effect (P < 0.05) on the cooking loss breast muscle, with treatment 1 
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having highest values. However, feed restriction had no effect (P > 0.05) on the WBSF of breast 

muscle, although it was highest in T 3. Feed restriction had no effect (P > 0.05) on hue angle, 

significant difference (P < 0.05) was observed on meat pHu, L *, a*, b* and saturation index 

after 24 hours of storage. Birds that were exposed to two weeks of feed restriction had the 

highest ultimate pH (5.99) followed by one week restriction (6.01) and the broilers which were 

fed ad libitum (5.89). The pHu values in all the treatments were constant from day 1 to day 6 and 

then T 2 peaked up at day (6.16) before declining at day 8 (5.91). The L* values in all treatments 

were constant from day 1 to day 7 and then at day 8, treatment 2 reached its peak L* (58.49) and 

then declined on day 9 (44.38) with T 3 having similar values. The b* values started to decrease 

from day 3 to day 6 then peaked up again at day 7 except for T 1. There was no significant 

treatment effects (P > 0.05) on the SI and Hue angle on breast muscle. There was no treatment 

effect on the major fatty acids of breast muscle. It was concluded that a one week feed restriction 

had similar effects on growth performance and meat quality of broiler chickens as non-restriction 

broilers. The meat quality of the broiler muscle was within the normal range, feed restriction did 

not affect meat quality of broiler meat. Feed restriction had a minimal effect on physico-

chemical shelf-life indicators of broiler chickens during storage over 10 days. The observation 

from this study showed that all the treatment had a minimal effect on the fatty acids of the broiler 

chicken. 

Key words: Restriction, ad libitum, slaughter weight, growth rate, meat quality, shelf-life, breast 

muscle, health-related indices and fatty acid 
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Chapter 1: Introduction 

1.1 Background  

The pressure to meet human dietary demands has led to intensive and rigorous livestock 

selection programs that are aimed at improving efficiency of production by maximising the 

overall poultry meat/muscle output per each gram of feed given (Nkukwana et al., 2014). These 

production protocols have resulted in tremendous improvements including lowered feed intake, 

better feed conversion rates, higher juvenile growth rates, high breast and thigh yields and 

reduced feed and production costs in commercial poultry breeds (Seyedabadi et al., 2010). 

However, these improvements have also negatively resulted to important phenotypic changes 

such as meat quality and increased body fat deposition, high mortality and high incidence of 

metabolic diseases and skeletal disorders (Zubair and Leeson, 1996). To address the issue of high 

mortality, body fat deposition, high incidence of metabolic diseases and skeletal disorders many 

strategies have been put forward, including feed restriction. 

Feed restriction protocols, including physically declining access to the feed and water during 

certain times of the day, uses the concept of catch-up growth or compensatory growth, with its 

success depending on duration of feed restriction and the age of restriction (Hockings et al., 

2002a,b; Giachetto et al., 2003; Leeson and Summers, 2005). Compensatory growth or catch-up 

growth is defined as abnormally rapid growth relative to age after early growth retardation  

(McMurtry et al.,1988). Auckland and Morris (1971) reported that broilers exposed to feed 

restriction for short periods during the early growth phase show improvement of feed efficiency, 

reduce abdominal, carcass fat in broiler chicken and reach a weight equal to that of broilers fed 

ad libitum at the time of slaughter. 
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According to Arce-Menocal (1995), feed restriction reduces the chances of metabolic disorders. 

Feed restriction also prevents feed wastage during maintenance and production of broiler 

chickens (Urdenata-Rincon and Leeson, 2002). Zubair and Leeson (1994) observed that by 

restricting broiler chickens there was relative enlargement of digestive organs, especially the 

gizzard, crop, pancreas and liver which improve feed intake. Khetani et al. (2008) found that 

birds which are restricted of feed would consume more feed to compensate for the time they 

have been deprived of feed. Feed restriction has been commonly used to optimize lean carcass 

tissue, reduce metabolic disorders, control body weight, and reduce reproductive problems in 

both meat-type and egg-type chickens and excessive fat deposition (Zubair and Leeson, 1994).  

Shelf-life is the period of time from when the product is packed and stored up to when it can still 

be used (Singh and Sing, 2005). Changes in shelf-life of meat product are due to several factors 

which include packaging, oxygen content, and storage temperature (Acuffs, 2006). The lower the 

oxygen permeability of the packaging material, the more efficient will be the protection of 

product quality. The best protection will be achieved using oxygen-proof packaging films 

together with vacuum packaging of the product. The vacuum packed meats have a maximum 

shelf-life of 15-25 days (Charley, 1982). It has also been reported that unfrozen poultry at low 

temperature around 0˚C extend shelf-life quite markedly.  

Shelf-life properties may include appearance, texture, flavour, and colour. Understanding these 

product properties of shelf-life and meat quality is important in production of a safe and healthy 

product for human consumption (Dyubele et al., 2010). These meat quality attributes are very 

important in the decision making, if the meat is to have a longer shelf-life. If there is 
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discoloration, bruises, pale and dark colour on this attributes the meat will have shorter shelf-life, 

and less attractive on consumer to purchase. 

Economic losses resulting from short shelf-life and subsequent spoilage has been reported in 

poultry industry with immediate interventions required to minimize economic losses. The 

success of raising broilers for maximum weight gain depends not only upon the strain of the 

birds and management but also on feeding patterns and quality (Zubair and Leeson, 1996). The 

main reason for controlling feed intake in broilers is to prevent high fat deposition in broiler 

chickens. When feeding broiler chickens, maintenance requirements and production are 

converted to the fat (Fontana et al., 1992) and the carcass quality is affected (Zubair and Lesson, 

1996).   

Excessive fat is one of the main problem is faced by the broiler industry resulting in negative 

perception of the meat by health conscious consumers (Kessler et al., 2000). Occurrence of heart 

diseases has increased in humans in the past years and has been associated to high fat 

consumption, especially saturated fat. Quantitative feed restriction of broilers might reduce the 

amount of fat or abdominal fat in carcasses (Leeson and Zubair, 1997). However, broilers are an 

important provider of the essential polyunsaturated fatty acids (PUFAs), especially the omega 

(n)-3 fatty acids, which are beneficial to consumers due to their cholesterol lowering effect and 

may therefore reduce the risk of cardiovascular diseases (Charlton et al., 2008).  In addition, 

processors face difficulties in processing the meat into different products because of fat as a 

result of meat texture resulting in reduced shelf life (McMurtry et al., 1988). Therefore, this 

study is conducted to determine the effect of restricted feeding on growth performance, physico-

chemical characteristics and shelf-life and fatty acids of broiler chicken meat. 
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1.2 Problem statement 

Feeding to maximize the weight of a bird to reach slaughter weight in a short time, results in 

physical deformities such as leg diseases and skeletal diseases. These skeletal diseases affect 

welfare of the animal causing discomfort in broilers which lowers the growth performance and 

productivity. Excess fat, is one of the main problems faced by the broiler industry which reduces 

carcass yield and feed efficiency but thus causing rejection of the meat by consumers because of 

health related problems faced by humans. Fat also has an effect on carcass quality resulting to 

lower shelf-life of meat. 

1.3 Justification 

Animal protein sources like mutton are very expensive, whereas beef has a limited use due to its 

high cholesterol contents. Broiler meat, therefore, may help in abridging the gap between supply 

and demand of animal proteins because it is the quickest and more economical source of human 

protein of high biological value (Mahmood et al., 2005). This results in broiler industries 

fastening the growth performance of chicken to reach slaughter weight in rapidly thus causing 

physical damages in broiler chicken. Feed restriction it is used as a method for controlling 

growth rate in broilers without damaging the performance and meat quality. Farmers can benefit 

in feed restriction because, feed is expensive by using feed restriction may help in cutting the 

rate of feed that is used in the farm. It is important to supply a balanced diet to the broiler to 

maintain a practical and reasonable growth and to prevent nutritional deficiencies. Broilers have 

a capability to recover body faster after a period of feed restriction. Studies on feeding strategies 

to improve growth performance and meat quality of broilers are much needed.  



5 
 

1.4 Objective  

The broad objective of the study is to determine the effect of restricted feeding duration on 

growth performance, physico-chemical characteristics, shelf-life indicators and fatty acids 

profiles of broiler chicken meat. 

Objectives 

Ø To determine the effect of feed restriction duration on feed intake, growth rate, feed 

conversion efficiency,  slaughter weight, carcass weight, dressing percentage and organ 

weight of broiler chickens 

Ø To determine the effect of feed restriction duration on physico-chemical shelf-life 

indicators on pHu, colour, cooking loss, and tenderness of broiler meat 

Ø To determine the effect of feed restriction duration on fatty acids profiles meat from 

broilers. 

 Hypothesis 

Ø Feed restriction duration has no effect on  feed intake, growth rate feed conversion 

efficiency and slaughter weight, carcass weight, dressing percentage and organ weight  

of broiler chickens  

Ø Restricted feeding has no effect on feed restriction duration on physico-chemical shelf-

life indicators on pHu, colour, cooking loss, and tenderness of broiler meat 

Ø Feed restriction duration has no effect on fatty acids profiles meat from broilers 
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Chapter 2: Literature Review 

2.1 Introduction 

Today, the greatest challenge of the United States Organization for Food and Agriculture (FAO) 

is food security. It consists on obtaining and ensuring an increasing food production of best 

quality for the population that is increasing yearly (FAOSTAT, 2010). Poultry meat is highly 

perishable thus it loses freshness between 4 to 10 days under refrigeration conditions (Marenzi, 

1986). Shelf-life of refrigerated fresh poultry can be evaluated through sensory attributes and 

chemical indicators. Reduced quality of colour, pH, and tenderness determines the rejection of 

meat by the consumer (Lee et al., 1996).  

Improved meat quality attracts more attention from consumers, and excessive fat deposition is 

usually the factor of poor meat quality of broilers.  Studies have shown that feed restriction could 

decrease fat deposition and increase protein deposition in carcasses, thus resulting in the 

improved carcass composition and meat quality (Jones and Farrell, 1992; Nielsen et al., 2003).  

2.2 Feed restriction as a feed manipulation strategy 

Feed restriction is a management strategy, which is applied in the poultry industry in order to 

reduce the feed intake, to limit the early growth, to decrease the incidence of infectious, 

metabolic and skeletal disorders and to improve the nutrient utilization via compensatory growth 

(Zulkifli et al., 1993; Zhan et al., 2007; Thompson et al., 2008; Benyi et al., 2010). Feed 

restriction is a method of feeding whereby it include time, duration and amount of feed to show 

the impact whether a bird is capable of achieving the same body weight as unrestricted birds 

(Ballay et al., 1992; Yu and Robinson, 1992).  
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The main target of feed restriction is to reduce the nutrients in the gastrointestinal tract, so that 

they can be utilized by neither birds nor intestinal microbiota (Tsiouris, 2010). Thyroid 

hormones concentration decreases after the feed restriction period but increases and reaches 

normal levels by refeeding. Feed restriction also increases enzyme secretion such as amylase, 

sucrase and lipase; it also alters functional development of the enzymes of protein digestion such 

as dipeptidase and amino peptidase (Pinheiro et al., 2004).  

Feed restriction is used in manipulating  growth so that market weight can be obtained in 60% 

less time than broilers of 40 years ago (Baghbanzadeh and Decuypere, 2008). It is practiced in 

broilers to persuade compensatory growth, improve efficiency utilization, and lower maintenance 

requirements in the grower and finisher phases (Teimouri et al., 2005). It also leads to reduction 

in feed and production costs, thereby, producing a lean quality meat at cheaper prices (Zubair 

and Leeson, 1996; Navidshad et al., 2006; Mahmud et al., 2008). 

2.3. Feed restriction methods 

2.3.1. Physical Feed Restriction 

Physical feed restriction provides a well-deserved amount of feed per bird, which is often just 

enough to meet maintenance requirements (Plavnik and Hurwitz, 1989). It is also known as 

qualitative feed restriction where by birds are denied full access to certain nutrients through the 

provision of a feed diluted mainly with inert fibres (Hocking et al., 2002a, b; Giachetto et al., 

2003; Leeson and Summers, 2005).  It is a common method used  in controlling feed intake in 

poultry. This method is not simple due to the regular weighing of birds, and calculating feed 

consumption on a daily basis. Strictness of feed restriction, length of restriction, and age at 



11 
 

marketing are the main factors to take into account in a feed restriction program for broilers 

(Giachetto et al., 2003).  

2.3.2 Skip a day restriction 

Skip-a-day is the removal of feed by restricting early growth and reduces the incident of ascites 

without affecting final body weight (Arce et al., 1992; Ballay et al., 1992; Dozier et al., 2002). 

It’s a method that is done by removing feed for 8-24 hour periods during the starter period 

reduces early rapid growth and meat yield in broiler chickens. Skip a day feed removal has been 

reported in other studies to decrease early growth (Oyedeji and Atteh 2005). It’s a procedure that 

depends on weeks, days and time it has been started. This method improves carcass quality and 

reduce sudden death syndrome which is often associated with birds that are on ad libitum feed 

intake (Oyedeji and Atteh, 2005). 

2.3.3 Chemical Methods 

Chemical method, feed must be equally distributed among the birds decreasing the variations in 

growth like in physical method. This method was suggested by Fancher and Jensen (1988); 

Pînchasov and Jensen (1989) using 1.5 or 3% glycolic acid as an anorectic agent from 7 to 14 

days in order to suppress the feed intake of chicks. Feed intake was severely reduced, resulting in 

22% and 50% weight reduction with 1.5% or 3.0% glycolic acid inclusion. Oyawoye and 

Krueger (1990) showed that 400+ and 300 mg of phenylpropanolamine hydrochloride or 

monensin sodium per kg of diet decrease body weight of the broiler chickens at 4 weeks of age. 

2. 4. Compensatory growth in broiler chickens 

The growth compensation of birds defines as the increased growth rate, when growth has been 

retarded by nutritional restriction and followed by ad libitum feeding (Shariatmadari and 
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Torshizi, 2004; Zhan et al., 2007). Compensatory growth refers to the accelerated growth in 

animals of the same age and breed that were previously feed-restricted (Tumova, 2002).  

Compensatory growth can be accomplished when birds divert more energy towards growth 

(Ryan, 1990). The mechanisms involved in the process of growth compensation seem to be 

related to a reduced maintenance requirement, an increased feed intake relative to body size, 

alteration in the proportion of fat and protein deposited in the tissues, or improved feed 

efficiency for growth (Ryan, 1990). 

 

2.5 Factors influencing compensatory growth in the broiler chicken 

2.5.1 Duration of feed restriction 

It is known that with an extended period of feed restriction it is more difficult for broilers to 

compensate and reach a normal target market body weight for age (Yu and Robinson, 1992). 

According to Jones and Farrell (1992); Santoso et al; (1993a), longer periods of feed restriction 

is more difficult with longer period. Some studies have achieved the compensatory growth of 

broiler chickens under short period (Santoso et al., 1993a; Deaton, 1995). Feed restriction for a 

period of six days allowed for complete body weight recovery, while recovery was not achieve 

when restriction was more prolonged to 12 days (Plavnik et al., 1986). However, other 

researchers failed to attain compensatory growth in broiler chickens that were restricted during a 

short period of feed restriction (Yu et al., 1990; Fontana et al., 1992; Palo et al., 1995).  

Robinson et al. (1992) had feed restricted chicks for 7 days using skip-a-day program or daily 

limited restriction and reported that birds on the skip-a-day program showed lower weight gain 

than the birds restricted each day. However Cristofori et al. (1997) showed that broilers fed 
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under a skip-day program (one day fast and one day fed ad libitum) from 7 to 28 days of age, and 

showed that restricted birds did not compensate in final body weight at both 42 to 49 days. 

It is recommended feed restriction of not more than seven or five days for male and female 

broilers, respectively, to allow for full body weight recovery (McMurtry et al., 1988). A short 

feed restriction program can improve feed efficiency and associated reduction in production 

costs, as long as the time to reach market weight will not be affected (Plavnik and Hurwitz, 

1991). 

2.5.2 Timing of feed restriction 

Time for starting feed restriction program is very important because the later that birds start feed 

restriction the less the opportunity to achieve desirable productive performance. According to   

(Benyi and Habi, 1998), feed restricted birds from 4 to 8 weeks of age were not able to achieve 

final body weight at 56 days. Plavnik and Hurwitz (1988) observed that starting at 6 days feed 

restriction at any age between 3 to 11 days of age seems to have complete body weight recovery 

by 8 weeks of age in male broilers. Thus Rosebrough et al. (1986) recommend the beginning of 

restriction at 5 to 7 days of age. 

Restricting broiler chickens to a level that only supports their maintenance requirements from 7 

to 21 or 21 to 35 days resulted in lower body weight at both 42 and 49 days, compared to ad 

libitum fed chicks (Cristofori et al., 1997). The lack of recovery in body weight for the restricted 

birds compared to ad libitum fed birds may be related to the time and age at initiation of the 

restriction period. Robinson et al. (1992) observed that the most favorable time to apply a feed 

restriction program is during the second week, rather than later. Plavnik and Hurwitz (1988) 

suggested that feed restriction programs may start at 6 days of age, and continue no longer than 7 
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days in order to allow birds to attain growth compensation by when they reach 49 days. Feed 

restriction programs beginning at an earlier age rather than later seem to be more beneficial to 

achieving the objectives on the performance response of broiler chickens. 

2.5.3 Duration and nature of feed restriction  

It is known that the growth response of broilers after re-feeding is related to the severity of 

previous restriction. However, the more severe the restriction tends to compromise the ability of 

the bird to recovery. The level of feed restriction which is estimated just to meet maintenance 

energy requirements is equivalent to about 167 KJ ME/bird/day in the 6 to 12 day period 

(approximately 35% of normal intake). Plavnik and Hurwitz (1985, 1988) suggested a calculated 

value of 1.5 kcal ME/day/g BW2/3 to sustain maintenance energy requirements for male broiler 

chickens. Using this energy value, birds in fact gain some weight, hence broilers under a feed 

restriction program may have slightly lower maintenance requirement. This maintenance energy 

level, however, must have been over estimated because the feed restricted birds gained 2 to 4 g 

body weight each day during the restriction period. It is also possible, as suggested by some 

researchers that the birds even though in negative energy balance were able to gain weight due to 

change in body composition as in used fat reserve and deposited more lean tissue (Lesson et al., 

1991; Yu and Robinson, 1992). However, other researchers were unable to demonstrate 

complete compensatory growth of broilers, which had been subjected to similar degrees of feed 

restriction (Plavnik et al., 1986; Robinson et al., 1992). Later studies by Plavnik and Hurwitz 

(1991) showed that milder restriction, which allowed 60 to 70 per cent of normal growth, permits 

more realistic recovery. 
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Some restriction that took a period of 6 or 7 days began at 4 days of age, and broiler chickens 

under this restriction scenario were unable to normalize weight gain, and had a significantly 

lower body weight at 49 days. These results are in agreement with other researchers who were 

unable to obtain compensatory growth by broilers subjected to similar degrees of feed restriction 

(Yu et al., 1990; Robinson et al., 1992; Rosebrough and McMurtry, 1993). Moreover, giving 

birds the diluted diet in an irregular program improved their ability to adjust and increase their 

feed consumption (Zubair and Leeson, 1994a). Santoso et al. (1993b) fed broilers with a 

commercial starter diet to 21 days of age. At 7 days of age birds were feed-restricted to 75, 65, 

55, or 45% of ad libitum intake for 10 days (day 7 to day 17). Body weight of severely restricted 

(65% and under) male and female broiler chickens was significantly lower than ad libitum fed. 

 

The response of broiler chickens to a feed restriction program depends on the severity and length 

of the restriction period. It seems that the more severe and the longer the duration of a feed 

restriction program, the less the ability of birds to attain the expected market weight for age. 

2.5.4 Condition of re-alimentation 

The level of nutrients used in the re-feeding diets may have an effect on broiler growth. Fontana 

et al. (1992) suggested that protein might be a limiting nutrient in the recovery of restricted birds. 

However, Plavnik and Hurwitz (1989) showed that higher levels of dietary protein used during 

re-feeding do not change body weight or feed efficiency at the end of the trial.  

Leeson and Zubair (1997), suggested that dietary protein level following restriction, had no 

meaningful effect on growth rate or feed efficiency, and that increasing the lysine levels during 

re-feeding actually decrease growth rate in previously restricted birds.  



16 
 

 

Jones and Farrell (1992) demonstrated that dietary supplementation with lysine and/or 

methionine during the re-feeding period resulted in higher final body weight and leaner 

carcasses. More reliable results of compensatory growth have been obtained in studies that have 

extended the growth period to 7 weeks or more (Upendra kumar et al., 1997; Nirmala et al., 

2005). 

2.5.5 Effect of genetics and sex 

The response of broiler chickens to a period of under nutrition will depend on the genetics and 

sex of bird used suggested that genetic potential influences broiler growth response because it 

affects their nutrition requirements (Gous et al, 1999). According to McMurty et al. (1988) and 

Plavnik and Hurwitz. (1991), male broilers have a greater ability to show compensatory growth 

after a period of under nutrition than females. In a study by Havenstein et al. (1993) pointed out 

that genetic potential rather than nutrition has a greater effect on broiler body composition. Other 

researchers have not shown differences among strains to compensate body weight and reduce fat 

deposition (Jones and Farrell, 1992a; Plavnik and Hurwitz, 1992). Cherry et al. (1978) reported 

that broiler females had higher abdominal fat than males when subjected to early feed restriction 

and also fast growing broiler strain exhibit little compensatory growth when compared with 

slower growing strains.  

 

Generally male broiler chickens have a greater growth rate and leaner body composition than 

female broilers do. Male broilers also have a superior capacity to display growth compensation 

than do females (Plavnik and Hurwitz, 1991; Santoso et al., 1993a,b), although Deaton (1995) 
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showed that both male and female broilers attained complete compensatory growth at 41 days 

following just 10% restriction (day 7 to day 14) relative to ad libitum daily intake. 

2.6. Effects of feed restriction on meat quality attributes of broiler chicken. 

2.6.1 Colour, pH cooking loss and tenderness 

Meat quality is a complex feature which consists of several meat quality indicators and it is 

affected by a number of factors like pre-slaughter stress, slaughter methods, storage condition, 

environmental condition such as feed, housing as reviewed by Rosenvold and Andersen (2003). 

These factors negatively affect meat quality and shelf-life (Qiao et al., 2002). Producers should 

be concerned with factors that may negatively affect quality attributes to ensure optimum quality, 

because it is necessary to consider the entire production chain from farm to fork (Qiao et al., 

2002). 

Several studies have proven that muscle pH is strongly associated with animal species, genetic 

factors, and management techniques before and after slaughtering and conditions of meat 

storage. Low ultimate pH reduces the importance of myoglobin in selectively absorbing green 

light, resulting in meat that appears less red and more yellow (Castellini et al., 2002). High pH 

levels bacteria grow more rapidly and the meat will have a shorter shelf-life. Cornforth (1994) 

also stated than meat with high pH has a higher water-binding capacity hence making it water 

binding. Monitoring the pH of a freshly slaughtered carcass is important in producing a quality 

meat product for the consumer. 

Colour is one of the major attribute or important factor for selection and initial evaluation of 

meat quality, consumers relate colour to freshness (Carpenter et al., 2001). Meat colour is 

affected by the extreme environmental temperatures and stress due to live handling which 
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influences the meat to be discoloured (Nerín et al., 2006). It is an important attributes according 

to which consumer will elect poultry products, other attributes such as tenderness, cooking loss 

and shelf-life are important to the consumer after purchasing the product (Jeremiah, 1982). 

Discoloured part that is most affected is frequently the breast muscle. Breast muscle accounts for 

a large portion of the live weight (5%), and it is more sensitive to factors that contribute to 

discoloration. Changes in meat colour are due to oxidation of red oxymyoglobin to 

metmyoglobin (MMG), which gives meat an unattractive brown colour. Discoloration of poultry 

can be related to the amount of these pigments that are present in the meat, the chemical state of 

the pigments. The colour has an effect on the decision purchase, consumer look at the meat 

before purchase the product and also weather the meat has a good shelf-life. 

2.6.2 Cooking loss 

Cooking loss is the amount of moisture released by the meat during cooking when the muscle 

proteins denature, causing structural changes in the tissue of the meat (Honikel, 2004) and it is 

often ignored by meat scientists and technologists. Cooking loss is a good indicator for the 

production yield of cooked meat products. During heating meat proteins denature and cause 

structural changes such as transversal and longitudinal shrinkage of muscle fibers and connective 

tissue shrinkage. The amount of moisture lost during cooking is determined by the pHu of the 

meat. Meat with a high pHu will have a lower cooking loss compared to meat with a low pHu 

(Honikel, 2004; Lawrie and Ledward, 2006).  

 

The cooking involve the process of physico-chemical changes between food components causing 

the effect of heat transfer to improve their palatability and digestibility. Cooking loss reduces 

heat damage to proteins, diminishes the loss of liquids and aroma compounds at the same time 
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providing longer shelf life comparing to traditional cooking methods (Creed and Reeve, 1998). 

The cooking loss depends on the raw meat quality as reported by Aaslyng et al. (2003) meat with 

high cooking loss will have lower WCH.   

According to (Bender, 1992; Barbantia and Pasquini, 2004; Obuz et al., 2004), major 

components of cooking losses are thawing, dripping and evaporation. Drip loss results from 

gravity action on the extracellular water and is affected by muscle shortening (Honikel, 2009). It 

is a good indicator for the weight loss accumulation during raw meat storage. Thawing loss is the 

the loss of fluid resulting from the formation of exudates following freezing and thawing. (Hui, 

2004). Improper thawing can damage the physicochemical and microbiological properties of 

frozen food (Hong et al, 2009; Hong et al, 2002). Evaporation is the loss of fluid from the meat 

surface through its conversion to gaseous form (Yu et al., 2005).  

2.6.3 Tenderness 

Tenderness is a major quality factor, it’s the most important sensory characteristic of meat, and 

most important factor in consumers satisfaction (Barbanti and Pasquini, 2005). It can be 

attributed to a person perception of meat such as softness to tongue, resistance to tooth pressure 

and adhesion (Muchenje et al., 2008). The most satisfying factor of tenderness in meat is mainly 

caused by changes in structure of connective tissues solubilised by heat, while at the same time 

heat denaturation of myofiblrillar proteins generally causes meats toughening. Jelenikova (2008) 

reported that meat with pH ranging from 5.8–6.1 is most tender while the pH values from 6.1 to 

6.3 are associated with the toughest meat. Maltin et al. (2003) reported that post-mortem factors 

such as sarcomere length, temperature, pH and proteolysis have a major impact on tenderness. 
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The shear force value is an indication of the degree of toughness or tenderness (Omojola1 and 

Adesehinwa, 2003). 

2.6.6 Fatty acids profiles in meat quality 

Poultry meat has many desirable nutritional characteristics such as low lipid content and 

relatively high concentrations of polyunsaturated fatty acids. Fat is an unpopular constituent of 

meat for consumers, being considered unhealthy. Yet fat and fatty acids, whether in adipose 

tissue or muscle, contribute importantly to various aspects of meat quality and are central to the 

nutritional value of meat. It is reported that poultry and pork have a favourable balance between 

polyunsaturated fatty acids and saturated fatty acids (Wood and Esner, 1997) and that when grain 

based or grass based diets are fed they normally lead to a relatively more n-6 or n-3 fatty acids, 

respectively. In meat containing more unsaturated fatty acids there is a risk that their profile will 

change during storage (Jeremiah, 1980), the higher the amount of unsaturated fatty acid present, 

the greater the risk of oxidation, causing rancidity and colour deterioration (Eder et al., 2005) 

There is increased interest in the ways to manipulate the fatty acid composition of meat. This is 

because meat has a major source of fat in the diet and especially of saturated fatty acids, which 

have been implicated with disease like cancers and especially coronary heart disease 

(Department of Health 1994). Nutritionists have focused on the type of PUFA and the balance in 

the diet between n-3 PUFA formed from a-linolenic acid (18:3) and n-6 PUFA  formed from 

linoleic acid (18:2) (Williams, 2000). The ratio of n-6:n-3 PUFA is also a risk factor in cancers 

and coronary heart disease, especially the formation of blood clots leading to a heart attack 

(Enser, 2001). 
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Fatty acid are involved in various aspects of meat quality, they have very different melting 

points. Variation in fatty acid composition has an important effect on firmness or softness of the 

fat in meat, especially the subcutaneous and carcass fat but also the intramuscular fat. The ability 

of unsaturated fatty acids, especially those with more than two double bonds, to rapidly oxidize, 

is important in regulating the shelf life of meat (rancidity and colour deterioration). However, 

this tendency to oxidize is important in flavour development during cooking. The fat ingested by 

monogastric animals undergoes relatively few modifications in the intestinal tract, in such a way 

that dietary fatty acid profile is reflected in their body composition (Mourot and Hermier, 2001). 

Therefore feed restriction causes fat deposition in broilers. It increased the SFA ratio in chicken 

meat and decreased the total PUFA and n-3 fatty acid ratios. Fat is a means of storing energy for 

periods of limited food supply. Similarly, Zhan et al. (2006) confirmed that broilers that are on 

feed restriction, resulted in an increased fat ratio in breast meat.  

 

  



22 
 

2.7 References 

Aaslyng, M.D., C. Bejerholm, P., Ertbjerg, H.C., Bertram and. H.J. Andersen. 2003. 

Cooking loss and juiciness of pork in relation to raw meat quality and cooking procedure. 

Journal of Food Quality and Preference, 14: 277-288. 

Arce, J., Berger, M. and Coello, CL. 1992. Control of ascites syndrome by feed restriction 

techniques.  Journal  of Applied Poultry Research, 1: 1-5 

Baghbanzadeh, A. and Decuypere, E. 2008. Ascites syndrome in broilers: physiological and 

nutritional perspectives. Avian Pathology, 37: 117–126. 

Ballay, M., Dunnington, E.A., Gross, B.W. and Siegel P.B., 1992. Restricted feeding and 

broiler performance: age at initiation and length of restriction. Poultry Science, 71: 440-447. 

 

Barbantia, D. and Pasquini M. 2005. Influence of cooking conditions on cooking loss and 

tenderness of raw and marinated chicken breast meat. Food Science and Technology, 38, 895–

901.  

Bender, A. 1992. Meat and meat products in human nutrition in developing countries. Food and 

Nutrition Paper 53. Italy, Rome. 

Benyi, K. and Habi, H. 1998. Effects of food restriction during the finishing period on the 

performance of broiler chickens. Broiler Poultry Science, 39: 423–425 

Benyi, K., Acheampong-Boateng, O., Norris, D. and Ligaraba, T. 2010. Response of Ross 

308 and Hubbard broiler chickens to feed removal for different durations during the day. 

Tropical Animal Health and Production, 42:1421–1426. 



23 
 

Cabel, MC. and Waldroup, PW. 1990. Effect of different nutrition-restricted programs early in 

life on broiler performance and abdominal fat content. Poultry Science, 69: 652-660. 

Carpenter, C. E., Cornforth, D.P. and Whittier, D. 2001. Consumer preferences for beef color 

and packaging  did not affect eating satisfaction. Meat Science, 57:359-363. 

Castellini, C., Mungai. and Dal Bosco, C.L. 2002. Effect of organic production system on 

broiler carcass and meat quality. Meat Science, 60: 219-225 

Cherry, J.A., Siegel, P.B. and Beane W.l. 1978. Genetic-nutritional relationships in growth and 

carcass characteristics of broiler chickens. Poultry Science, 571482-1487. 

Cornforth, DP.1994. Color and its importance. In: Pearson AM, Dutson TR, editors. Quality 

Attributes and Their Measurement in Meat, Poultry, and Fish Products. Chapman and Hall; 

London, UK: 1994. pp. 34–78. 

Creed, P. G. and Reeve, W., 1998. Principles and applications of sous vide processed foods, In:  

Cristofori, C., A. Meluzzi, G. Giordani, and F. Sirri. 1997. Early and late quantitative feed 

restriction of broilers: effects on productive traits and carcase fatness. Arch. Geflugelkd. 61:162–

166. 

Deaton., J.W. 1995. The effect of early feed restriction on broiler performance. Poultry Science. 

74:1280-1286. 

Deaton, J.W. 1995. The effect of early feed restriction on broiler performance. Poultry Science, 

74:1280-1286. 

Department of Health. 1994. Nutritional Aspects of Cardiovascular Disease. Report on Health 

and Social Subject No. 46. London: Her Majesty’s Stationery Office. 



24 
 

Dozier, W. A., Lien, R. J., Hess, J. B., Bilgili, S. F., Gorden, R.W.,  Laster, C. C. P. and 

Vieira, S. L. 2002. Effects of early skip-a-day feed removal on broiler live performance and 

carcass yield. Journal of Applied Poultry Research, 11297 – 303. 

Eder, K., Gruntal, G., Klugeluge, H., Hirche,F., Spilke J and Brandsch, C. 2005. 

Concentrations of cholesterol oxidation products in raw, heat processed and frozen-stored meat 

of broiler chickens fed diets diff erring in the type of fat and vitamin E concentrations. Broiler 

Journal of Nutrition, 93: 633-643. 

Enser, M., Richardson, R. I., Wood, J. D., Gill, B. P. and Sheard, P. R., 2000. Feeding 

linseed to increase the n-3 PUFA of pork: fatty acid composition of muscle, adipose tissue, liver 

and sausages. Meat Science, 55: 201–212. 

Fancher, B.I. and L.S. Jensen., 1988. Induction of voluntary feed intake restriction in broiler 

chicks by dietary glycolic acid supplementation. Poultry Science, 67: 1469-1482 

FAOSTAT., 2010. Bases de données statistiques de la FAO, Food and Agriculture Organization 

of the United Nations, Rome 

Fontana, E.A., Weaver, JR., B.A., Watkins. and Denbow, D.M., 1992. Effect of early feed 

restriction on growth, feed conversion and mortality in broiler chickens. Poultry Science. 71: 

1296 – 1305 

Giachetto, P.F., Guerreiro, E.N., Ferro, J.A., Ferro, M.I.T., Furlan, R.L. and Macari, M. 

2003. Desempenho e perfil hormonal de frangos  alimentados com diferentes niveis energeticos 

apos restrição alimentar. Pesquisa  Agropecuaria Brasileira, 38(6): 697-702. 



25 
 

Hocking, P.M., Bernard, R. and Robertson, G.W., 2002a. Effects of low dietary protein and 

different allocations of food during rearing and restricted feeding after peak rate of lay on egg 

production, fertility and hatchability in female broiler breeders. Broiler Poultry Science, 

43(1):94–103. 

Hong GP, Shim GB, Choi MJ, Min S. G. 2009. Effects of air blast thawing combined with 

infrared radiation on physical properties of pork. Korean, Journal of food Science. 29: 302-309.  

Honikel, K.O. 2004. Chemical and physical characteristics of meat/pH Measurement. In: 

antioxidants in improving meat quality. British Journal of Nutrition.78: 49-60.  

Honikel, K. O. 2009. Moisture and water-holding capacity. In: Handbook of Muscle Foods 

Analysis. L. M. L. Nollet and F. Toldra (Editors). CRC Press, Taylor & Francis Group, Boca 

Raton, FL, pages 315–334 

Hui, Y.H. 2004. Handbook of Frozen Foods. CRC Press Publisher. New York, United States of 

America. 

Jelenikova, J., Pipek, P. and Staruch, L. 2008. The influence of ante-mortem treatment on 

relationship between pH and tenderness of beef. Meat Science, 80(3):870-874. 

Jeremiah L.E., 1980. Effect of frozen storage and protective wrap upon the cooking losses,  

palatability and rancidity of fresh and cured pork cuts. Journal of Food Science 45: 187-187 

Jeremiah, L. E., 1982.  A review of factors influencing consumption selection and acceptability 

of meat purchases. Journal of Consumer Studies and Home Economics, 6:137–154. 

Jones, G. P. and Farrell, D.J. 1992. Early-life food restriction of broiler chickens. Methods of 

application, amino acid supplementation and the age at which restrictions should commence. 

Broiler Poultry of Science, 33:579–587. 



26 
 

Lawrie, R. A. and Ledward, D. A. 2006. Lawrie’s meat science (7th ed.). Cambridge, England: 

Woodhead Publishing. 

Lee J. I., Shin, E.H., Kim, C.R. and Kim, K.H., 1996. Reducing microbial population on 

refrigerated pork harms treated with acetic acid. Korean Journal of Food Nutrition, pp. 484 

Leeson, S., Summers, J.D. And Caston, L.J. 1991. Diet dilution and compensatory growth in 

broilers. Poultry Science, 70: 867-873. 

Lesson, S. and Zubair, Z. K. 1997. Nutrition of the broiler chicken around the period of 

compensatory growth. Poultry Science, 76: 992-999. 

Mahmud, A., Khattak, F.M., Ali, Z and Pasha, T. 2008. Effect of early feed restriction on 

broiler unsexed performance, meal feeding on performance carcass characters and blood 

constituents of broiler.  Journal of Animal and Veterinary Advances,  8: 2069-2074. 

Maltin, C., Balceerzak, D., Tilley, R. and Delday, M. 2003. Determinants of meat quality: 

tenderness. Proceeding of the Nutrition Society, 62:337-347 

Marenzi, C. 1986. Proper meat storage prevents spoilage. Poultry Misset, 6: 12- 15 

McMurtry, J.P., Rosebrough,R.W., Plavnik, I. and Cartwright, A.I. 1988. Influence of early 

plane nutrition on enzyme systems and subsequent tissue deposition. pp: 329-341. In: 

BiomechanismsRegulating Growth and Development. G. L. Steffens and T. S. Rumsey (Editors). 

Betsville Symposia on Agricultural Research, Klumer Academic Publishers, Dordrecht, the 

Netherlands. 



27 
 

Muchenje, V., Dzama, K., Chimonyo, M., Strydom, P.E., and Raats, J.G. 2008. Meat quality 

of Nguni, Bonsmara and Angus steers raised on natural pasture in the Eastern Cape, South 

Africa. Meat Science, 79: 20-28. 

Navidshad, B., Shivzad, M., Zare, A. and Rahim, G. 2006. Effect of feed restriction and 

dietary fat saturation on performance and serum thyroid hormones in broiler chickens. 

International Journal of Poultry Science, 5: 436-440. 

Nerín, C., Tovar, L., Djenane, D., Camo, J., Salafranca, J., Beltrán, J. A. and Roncalés, P. 

2006. Stabilization of beef meat by a new active packaging containing natural antioxidants. 

Journal of Agriculture and Food Chemistry, 52: 5598-5605. 

Nielsen, B. L., Litherland, M. and  Nøddegaard, F. 2003. Effect of qualitative and quantitative 

feed restriction on the activity of broiler chickens.  Applied Animal Behavior Science, 83:  309 –

323. 

Obuz E, Dikeman EM, Grobbe PJ, Stephens WJ, Loughin MT. 2004. Beef longisimus 

lumborum, bicepts femoris, and deep pectoralis Warner-Bratzler shear force is affected 

differently by end-point temperature, cooking method, and USDA quality grade. Meat Science, 

68 (2): 243-248. 

Omojola1, A.O.K., 2007.  Adesehinwa. Performance and Carcass Characteristics of Broiler 

Chickens Fed Diets Supplemented with Graded Levels of Roxazyme.  International Journal of 

Poultry Science, 6 (5): 335-339 

Oyawoye, E.O. and Krueger W.F. 1990. Potential of chemical regulation of food intake and 

body weight of broiler breeder chick. Broiler Poultry Science, 31: 735-742 



28 
 

Oyedeji, J.O. and Atteh, J.O. 2005. Response of broilers to feeding manipulations. 

International. Journal of Poultry Science, 4(2): 91-95. 

Palo, P. E., Sell, J. L., Piquer, F.J., Vilaseea, L. and Soto-Salanova, M.F. 1995. Effect of 

early nutrient restriction on broiler chickens performance and digestive enzyme activities. 

Poultry Science, 74: 1470- 1483. 

Pinchasov, Y. and. Jensen, L.S. 1989. Comparison of physiological and chemical means of 

feed restriction in broiler chicks. Poultry Science, 68: 61-69 

Pinheiro, D.F., Cruz, V.C., Sartori J.R. and Vicentini Paulino, M.L. 2004. Poultry Science, 

83: 1544-1550 

Plavnik, I. and Hurwitz, S. 1991. Response of broiler chickens and turkey poults to food 

restriction of varied seventy during early life. British Poultry Science, 32: 343– 352 

Plavnik, I. and.  Hurwitz, S. 1985. The performance of broiler chicks during and following a 

severe feed restriction at an early age. Poultry Science, 68: 1118-1125.  

Plavnik, I. and  Hurwitz, S. 1988. Early feed restriction in chicks:  effect of age, duration, and 

sex. Poultry Science, 67:1407-1413.   

Plavnik, I. and Hurwitz, S. 1989. Effect of dietary protein, energy and feed pelleting on the 

response of chicks to early feed restriction. Poultry Science, 68: 1118-1125. 

Plavnik, I. and Hurwitz, S. 1991. Response of broiler chickens and turkey poultry to food 

restriction of varied seventy during early life. Broiler Poultry Science, 32: 343 - 352. 



29 
 

Plavnik, I., Mcmurtry, J.P. and Rosebrough, R.W. 1986. Effect of early feed restriction in 

broilers. I. Growth performance and carcass composition. Growth, 50: 68 – 76. 

Qiao, M., Fletcher, DL., Northcutt, JK. and Smith DP., 2002. The relationship between raw 

broiler breast meat colour and composition. Poultry Science, 81: 422-427 

Religious, K.B., Tesseraud, S. and Piccady, O. A. 2001. Food neonatale and early 

development of table fowl. Inra Production of Animal, 14: 219-230. 

Robinson, F., Clessen, H.L., Hopnson, J.A and Onderkp, DK, 1992. Growth performance, 

feed efficiency and the incidence of skeletal and metabolic disease in fa-fed and feed restricted 

broiler and roaster chickens. Journal of Applied Poultry Research, 1: 33 - 41. 

Rosa, F. C., Bressan, M. C., Bertechini, A. G., Fassani, E. J., Oliveira e Vieira, J., Faria, P. 

B. and. Savian, T. V., 2006. Efeito de métodos de cocção sobre a composição química e 

colesterol em peito e coxa de frangos de corte. Ciência e Agrotecnologia, 30: 707-714. 

 

Rosebrough, R.W., and Mcmurtry, J.P. 1993. Energy repletion and lipid metabolism during 

compensatory gain in broiler chickens. Growth Development and Aging, 57:73-83. 

Rosebrough, R.W., Steele, N.C., McMurtry, J.P. and Plavnik, I. 1986. Effect of early feed 

restriction in broilers. Growth, 50: 217-227. 

Rosenvold, K. and Andersen, H J., 2003.Factors of significance for pork-A review. Meat 

Science, 64: 219-237. 

Ryan, W. J., Williams, I. H., and Moir, R.J. 1993. Compensatory growth in sheep and cattle.1. 

Growth pattern and feed intake.  Australian Journal of Agricultural Research.  44: 1623 - 1633. 



30 
 

Santoso, U., K Tanaka, and S. Ohtani, 1993. Effects of early skip day on growth  performance 

and body composition in broilers. Australian Journal of Agricultural Research,  61451- 461. 

Shariatmadari, F. and Torshizi, R. 2004. Feed restriction and compensatory growth in chicks: 

effects of breed, sex, initial body weight and level of feeding. Spring Meeting of the WPSA UK 

Branch. British Poultry Science, pp.45 - 52. 

Teimouri, A., Rezaei, M., Pourreza, J., Sayyah Zadeh, H. and. Waldroup, P.W. 2005. Effect 

of diet dilution in the starter period on performance and carcass characteristics  of broiler chicks. 

International journal of Poultry Science, 4: 1006 – 1011. 

Thompson, K., Burkholder, K., Patterson, J. and Applegate, T. 2008. Microbial ecology 

shifts in the ileum of broilers during feed withdrawal and dietary manipulations. Poultry Science, 

87: 1624–1632. 

Tsiouris, V. 2010. The effect of stress management factors on the pathogenesis of necrotic 

enteritis in broiler chickens. PhD Thesis. Clinic of Avian Diseases, Faculty of Veterinary 

Medicine, Aristotle University of Thessaloniki, Greece 

Tumova E, Skrivani M, Skrivanova V and Kacerovska L.2002. Effect of early feed 

restriction on growth in broiler chickens, turkey and rabbit. Czech Journal of Animal Science, 

47(10): 418-428. 

Williams, C.M. 2000. Dietary fatty acids and human health. Annales de Zootechnie, 49: 165-

180. 

Wood, J.D. and Enser, M. 1997. Factors influencing fatty acid composition in meat and the role 

of antioxidants in improving meat quality. British Journal of Nutrition, 78: 49 - 50. 



31 
 

Yu, L. H., Lee, ES., Jeong, J.Y., Paik, H.D., Choi, J.H. and Kim, C. 2005. Effects of thawing 

temperature on the physicochemical properties of pre-rigor frozen chicken breast and leg 

muscles. Meat Science, 71 (2): 375- 382. 

Yu, M.W., Robinson, F.E. 1992. The application of short-term feed restriction to broilers 

chickens production: a review. Journal of Applied Poultry Research, 1: 147-153 

Yu, M.E., Robinson, F.E., Clandini, M.T. and Bodnar, L. 1990. Growth and body 

composition of broiler chickens in response to different regimes of feed restriction. Poultry 

Science, 69(12): 2074-2081. 

Zhan, X., Wang, M., Ren, H., Zhao, R., Li, J. and Tan, Z. 2007. Effect of early feed 

restriction on metabolic programming and compensatory growth in broiler chickens. Poultry 

Science, 86: 654–660 

Zubair, A.K. and Leeson, S. 1996: Compensatory growth in the broiler chicken: A review. 

World's Poultry Science, 52:189-201. 

Zulkifli, I., Dunnington, E., Gross, B., Larsen, S., Martin, A. and Siegel, B. 1993. Responses 

of dwarf and normal chickens to feed restriction, Eimeria tenella infection, and sheep red blood 

cell antigen. Poultry Science, 72: 1630–1640 

 

  



32 
 

Chapter 3: The effect of quantitative feed restriction duration on growth performance and 

carcass characteristics of broiler chickens 

Abstract 

The objective of the study was to determine the effect of quantitative feed restriction duration on 

growth performance and carcass characteristics of broilers. A total of 144 day-old broiler chicks 

were reared in a deep litter system until slaughter at 42 days. The birds were randomly allocated 

to each of the nine compartments. Each treatment was replicated three times with 16 birds per 

compartment being fed as a group and each bird was regarded as the experimental units. Birds 

were fed with starter, grower and finisher diets. The average daily gain (ADG), average daily 

feed intake (ADFI) and the feed conversion ratio (FCR) were computed for each week. Chickens 

were all slaughtered at 42 days of age and the slaughter weight, carcass weight, and internal 

organs weights were measured. The body weight gained by the birds in T1 (control) was similar 

as the birds that were restricted for a week. The treatments had a significant effect on the average 

daily gain in week 4, 5 and 6. The ADG for T2 was higher (P < 0.05) at week 5 after 1 week of 

restriction, than TRT1 and 3. The feed conversion ratio was significantly higher in T 3 after 2 

weeks of restriction.  In T 2 and 3, feed intake was significantly lower than in birds fed ad 

libitum at week 4 at the start of the treatment. There was no significant effect (P > 0.05) on the 

relative weights of heart weights, liver, gizzard, feets and heads among the treatment groups 

except for intestine weight which was lower (P < 0.05) in T 1 than T 2  and 3. It was concluded 

that broilers that were restricted for one week had a positive results in growth performance, 

similar as in broilers that were not restricted. Feed restriction had minimal effect on the organ 

weights of broiler chickens. 
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3.1 Introduction 

The growth productivity of broilers is influenced by improving growth performance: body 

weight (BW), average daily gain (ADG) and feed conversion rate (FCR). The FCR is a major 

factor in reducing production cost and improving the broilers growth effectiveness. Feed cost 

represents about 70% of the cost of production broilers (Aggrey et al., 2010). The benefits of 

feed restriction are the monetary savings from raising feed conversion (Proudfoot et al., 1983). 

The main reason for controlling feed intake in broilers is to prevent wastage of feed. Therefore, 

the present study was carried out to evaluate the effect of different durations of feed restriction 

on growth and carcass characteristics of broiler chicks. 

Feed restriction suppresses growth during the restriction period, but the growth reduced can be 

compensated with greater future intake (Govaerts et al., 2000). Negative effects of feed 

restriction include chronic hunger, and feeding frustration, increased aggression and 

overdrinking (Savory et al., 1993). Negative physiological effects include adrenal hypertrophy 

and persistent increases in corticosterone secretion after 24 h restriction or feed-off days or 

increased susceptibility to Staphylococcus aureus after 48 h (Gross and Siegel, 1982). 

Feed restriction provides the opportunity to take advantage of compensatory growth. 

Compensatory growth refers to the period of rapid growth, relative to age, exhibited by mammals 

and birds after a period of nutritional restriction. The factors most critical to compensatory 

growth include the age at which the restriction is applied, the sex and genotype of the animal, the 

length and severity of the restriction the quality and length of re-feeding of the re-alimentation 

diet (Wilson et al.,1990). It can be accomplished when birds divert more energy towards growth 

(Ryan, 1990).  
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Carcass characteristics are important factors to consider when evaluating alternative feeding 

programs (Ledin et al., 1984a). Zubair and Leeson (1994b) observed that by restricting broiler 

chickens there is relative enlargement of digestive organs, especially the gizzard, crop, pancreas 

and liver which improve feed intake. Internal organs are significantly affected by restriction 

during re-alimentation period the stomach growth rapidly and the other organs except kidneys 

(Ledin, 1984b). Feed restriction has been studied to improve economical and biological 

performances.  
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3.2 Material and Methods 

3.2.1 Study site description 

The study was conducted at the University of Fort Hare based in Alice, in the Eastern Cape, 

South Africa. The site is 520 m above sea level and is located 32.48°S and 26.53°E. The average 

rainfall is approximately 480 mm per year, and mostly comes in summer. Mean temperature of 

the farm is about 18.7°C per year. The topography of the area is generally flat with a few steep 

slopes. 

3.2.2 Feed restriction treatments 

A total of 144 day-old broiler chicks were purchased from Umthiza Agricultural Co-operation 

located in Alice town in the Eastern Cape Province, South Africa. All the chicks were managed 

in one brooding house for the first 21days. On day 22, the chicks were randomly allocated to the 

following three treatments; the control (T1), one week of feed restriction (T2), and two weeks of 

feed restriction (T3), three broiler houses were sub-divided into three compartments each. The 

birds were randomly allocated to each of the nine compartments. The birds were randomly 

allocated to each of the nine compartments. Each treatment was replicated three times with 16 

birds per compartment being fed as a group and each bird was regarded as the experimental unit. 

The stocking density was 16 broiler/m2 in all the treatments. Lights were provided throughout 

the study, infrared lamps were removed after two weeks. All the birds were housed in a low-cost 

housing unit, where ventilation and temperature was not artificially controlled. Treatment 1 

group was fed ad libitum with a constant access to the water, for T2 birds were deprived of feed 

from 19h00 until 07h00 and from the 22nd to the 28th day, and in the T3 birds were deprived 

feed from 19h00 until 07h00 and from the 22nd to the 35th day. The feed consumed by each bird 

was measured weekly.  
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3.2.3 Management of birds 

Day old-chicks were placed in the brooding house, offered water with stress pack immediately 

on arrival and feed was provided two hours later. They were kept in the brooding house for 21 

days before they are allocated to their respective treatment groups. All the birds were housed in a 

low-cost housing unit, where ventilation and temperatures were not artificially controlled. 

Infrared lights were used to provide heat during the brooding period from day old until the 

second week of age. Feed was supplied continuously by constantly topping up the empty 

troughs. Feed wastages were minimized by filling the troughs to about three quarter full. Birds 

were fed with broiler starter from day-old until day 21, grower feed from day 22 until day 35, 

and with broiler finisher from day 36 up until day 42. 
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Table 1. 1 Feed specification (guaranteed levels of nutrients) of the three phase diet that was fed 
to chickens 

Epol Manufacture 

 

  

Nutrients (g/kg) Starter Grower Finisher 

Protein(minimum) 190 170 160 

Protein(minimum) 190 170 160 

Total Lysine(minimum) 12 9 9 

Total Methionine(minimum) 5 4 4 

Moisture(maximum) 120 120 120 

Fat(minimum) 25 25 25 

Fibre (maximum) 50 70 70 

Calcium(minimum) 8 8 7 

Calcium(minimum) 12 12 12 

Phosphorus(minimum) 6 5 5 
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3.2.5 Growth performance  

One bird was regarded as the experimental unit, chicks were weighed and feed measured weekly 

according to the replicates numbers using a normal scale. Body weight gain (BWG), feed intake 

(FI), average daily gain (ADG) and feed conversion efficiency (FCE) of the chicks were 

recorded at the beginning of each week, starting from placement until slaughter. Body weight 

gain was determined by subtracting the final body weight (g) from the initial body weight (g); 

average daily gain (ADG) is equal to week 2 weight – week 1 weightt / no. days between; feed 

conversion efficiency (FCE) by dividing average feed intake (g) by the average body weights 

(g); and feed intake (FI) was determined by subtracting given feed (g/day) from the remaining 

feed (g/day). 

3.2.6 Slaughter procedure 

The meat yield and carcass characteristics was determined at the end of the experiment according 

to the methods described by Ayanwale et al. (2003), by randomly selecting one bird from each  

replicate. The selected birds were starved of feed and water over night for 12 hours. Before 

slaughtering, the individual weight of the birds was recorded. Slaughtering was done following 

the normal procedures of the abattoir, where they were first stunned with an electrical stunner 

(50-70volts) under the beak for 5seconds to reduce unconscious before slaughter. The 

unconscious chickens were then attached by their legs onto a conveyor line. While hanging, the 

throats were cut using a sharp knife, only one person was responsible for the throat cutting and 

one person for stunning. While they were hanged, it gave time for the chickens to bleed. After 

plucking the feathers, the fully dressed weights of the carcasses were taken and recorded, and 

carcasses were then separated into breast, thigh, feet, head and the internal organs (viscera).  The 

parts were individually weighed and the weights were expressed as percentages of the live 
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weight of the carcass. Dressing percentage was calculated as proportion of carcass weight to live 

weight of each bird. 

3.2.7 Determination of carcass and organ weights  

3.3 Statistical Analysis 

The AFI, BWG, ADG, FCE and the carcass characteristics (slaughter weight, carcass weight, 

dressing %) and intestinal organs (liver weight, heart weight, gizzard weight) were analyzed 

using one-way analysis of variance (ANOVA) SAS (2003). The least significant difference 

(LSD) method was used to compare the means. 

The statistical model that was used is, Yij=μ + αi + βj+ Eij. 

Where, 

*Yij= response variables (AFI, BWG, ADG & FCE), carcass characteristics and internal organs 

*μ =constant 

* αi = overall mean 

*βj= effect of week 

*Ti= treatment effect (Control, birds restricted for one week, birds restricted for two weeks) 

*Eij= standard error  
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3.4. Results and discussion 

The effect of quantitative feed restriction on body weight gain during feeding broiler chicken is 

presented in Figure 3.1. The lowest body weight gain was observed from the birds in T 3 which 

were kept under two weeks of feed restriction and they had one week of sustaining before 

slaughter. These results concur with Newcombe et al. (1992) and Palo et al. (1995) who 

observed reduced weight gain in restricted broilers compared to that of full-fed control birds. On 

the other hand, these results are not in accordance with those of Fontana et al. (1992), Zhong et 

al. (1995); Khetani et al., (2009) and Zubair and Leeson (1996), who observed similar weight 

gain in feed restricted and ad libitum fed birds.  

The T 2 birds which were restricted for one week compensated and reached the same weight as 

the unrestricted birds at week 5 and 6. Therefore this implies that the period of restriction did not 

affect the market body weight and similar results were observed in several studies (Plavnik and 

Hurwitz et al., 1985; Mazzuco et al., 2000). The T 3 groups were unable to totally compensate 

for the loss of weight gain during the restriction period. Similar findings by Yu et al. (1990) and 

Fattori et al. (1990) also showed that there was not a complete body weight recovery after feed 

restriction in chickens with longer period. Lee and Leeson (2001) also observed considered that 

full body weight recovery could be more consistent if short restriction periods were used instead 

of the long ones. 

Accumulation of feed intake on the treatments of broiler chickens is shown in Figure 7.1 in the 

appendix. The feed consumed by one week restriction were less than consumed by control group, 

even though they reached the same slaughter weight. Using feed restriction for one week had a 

good effect. 
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Figure 3. 1. Growth curves of birds exposed to different feed restriction durations T 1 -birds fed 
ad libitum, T 2 -birds restricted of feed for one week, T 3- birds restricted of feed for two weeks 
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The effect of feed restriction on average daily gain of broiler chicken is presented in Table 3.1. 

The treatments had a significant effect (P < 0.05) on the average daily gain in week 4, 5 and 6. 

Feed restriction for TRT 3 was significantly (P < 0.05) reduced on the ADG of broiler chicken at 

week 4. After feed restriction period in week 5, specifically in TRT3 group had lower ADG than 

other treatments. Similar results in weight gain were reported by Lee and Leeson (2001) and 

Urdaneta-Rincon and Leeson (2002) when broilers were fed with quantitative feeding from day 1 

until day 14 of age. The TRT3 broiler chickens had higher ADG than other groups at week 6; T 2 

had high ADG at week 5. A study by Yu and Robinson, 1992, postulated that the accelerated 

growth rate might be associated with relatively lower overall maintenance energy needs in feed 

restricted chickens compared to that in the control group. 
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Table 3. 1: Least square means and standard errors of average daily gain of birds subjected to 
control, one week and two weeks of feed restriction treatments from week three until six weeks 
of age. 

Weeks  Treatments  

 T1 

(Control) 

T2 

(One week) 

T3 

(Two weeks) 

Week3(g/bird/day) 

Week4(g/bird/day) 

57.4± 4.67 

87.1b± 4.67 

55.7.4±4.59 

57.6a ±4.67 

60.9±4.75 

53.4a ±4.67 

Week5(g/bird/day) 78.5b ±4.67 102.9c ±4.67 36.0a ±5.11 

Week6(g/bird/day) 60.9b± 4.67 44.3a ±4.75 93.5c ±4.75 

Means in the same row with similar superscripts are not significantly different (P>0.05) from 
each other. 
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The effect of quantitative feed restriction on feed conversion efficiency of broiler chicken is 

shown in Table 3.2. At week 4 there was a significant effect (P < 0.05) between treatments, with 

treatment 1 having highest value. At week 5, T 2 had higher feed conversion efficiency when 

compared to than T 1 and 3. This maybe may be due to the fact that this group received feed to 

maintain their body weight after restriction period. Also for T 3 after 2 weeks of restriction the 

feed conversion efficiency was high, so after the restriction period feed conversion was 

improved. According to Rincon and Leeson, 2002, feed restriction improves feed efficiency in 

chickens, which cause high feed intake after the restriction period. Therefore, T2 after feed 

restriction had high conversion efficiency, which made it reach the same slaughter weight as the 

control group. 
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Table 3. 2: Least square means and standard errors of feed conversion efficiency of birds 
subjected to control, one week and two weeks of feed restriction treatments from week three 
until six week of age 

Means in the same row with similar superscripts are not significantly different (P>0.05) from 
each other 
 

  

Weeks  Treatments  

     T1 

(control) 

     T2 

(one week) 

   T3 

(two weeks) 

Week3(g/bird/day) 

Week4(g/bird/day) 

1.84± 0.11 

0.57a ±0.11 

1.81± 0.11 

0.73b ±0.11 

1.70 ±0.12 

0.69c± 0.11 

Week5(g/bird/day) 0.74a ±0.11 0.53a ±0.11 1.51b ±0.13 

Week6(g/bird/day) 1.55b±0.11 1.83b ±0.12 0.8a ±0.12 
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The effect of feed restriction on the average feed intake of broiler chickens is presented in Table 

3.3. In T 2 and 3 feed intakes was significantly lower than in birds fed ad libitum at week 4. 

After one week of feed restriction from 21- 28 day TRT2 birds totally compensated, feed intake 

was high on day 35. At week 5, T 3 groups had significantly reduced feed intake than TRT1 & 2 

after the duration of feed restriction period. At day 42 there was no significant P <0.05) 

difference feed intake for T1 and 2, with T3 having the highest feed intake. The highest feed 

intake can be related to the hypertrophy of the gastrointestinal tract that occurs after the 

restriction period when the birds are fed ad libitum. The responses observed in the present study 

partially agree with other researchers (Zhan et al. 2007; Camacho et al. 2004; Sahraei and 

Shariatmadari, 2007) which conclude that feed restriction increases feed intake.  
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Table 3. 3:  Least square means and standard errors for average daily feed intake average daily 
gain subjected to control, one week and two weeks of feed restriction treatments from week three 
until six weeks of age 

  Treatments  

Weeks        T1 

  (control) 

       T2 

 (one week) 

      T3 

(Two weeks) 

Week4(g/bird/day) 

Week5(g/bird/day) 

Week6(g/bird/day)) 

 152.5c± 5.18 

164.8b± 2.69 

183.8a± 1.86               

118.0b±  5.18 

165.9b± 2.69 

183.1a± 1.86 

107.3a± 5.18 

117.3a± 2.69 

186.3b± 1.86 

Means in the same row with similar superscripts are not significantly different (P>0.05) from 
each other. 
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The effect of quantitative feed restriction on carcass characteristics of broiler chicken is 

presented in Table 3.4. The carcass weight of broilers was found to be higher (P < 0.05) in TRT1 

followed by T2 with T3 group having significantly lower carcass weights. The dressing 

percentage was found to be highest T 2 group, although there was no significant difference effect 

on slaughter weight between ad libitum and one week restriction of broilers. These results 

contradict with Mahamood et al. (2007) who found that feed restriction had no effect on the 

dressing percentage of broiler chickens. There was no significant effect (P > 0.05) on the relative 

weights of  the heart, liver, gizzard, feet and heads among the treatment groups except for 

intestine weight which was lower (P < 0.05) in T 1 than T 2 and 3 that were under restriction. 

This may be caused by an increase in feed conversion ratio in restricted broilers. Mazeti and 

Furlan (2008) also observed a higher relative weight in restricted animals, compared with birds 

at ad libitum. The results are in accordance with observations by Susbilla et al. (1994) and Jones 

(1995) who found no significant difference in relative weights of the liver at slaughter due to 

feeding regimes. Mahamood et al. (2007) also found no significant difference in gizzard weight 

and heart.  
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Table 3. 4: Least square means and standard errors of dressing percentage and organ weights as 

proportions of live weights, subjected to control, one week and two weeks of feed restriction 

treatments from week three until six weeks of age. 

abcMeans in the same row with similar superscripts are not significantly different (P>0.05) from 
each other 

 

Carcass 
characteristics 

(kg) 

T1 

(Control) 

T2 

(one week) 

T3 

(Two weeks) 

P-value 

Dressing 
percentage 

78.0b ±1.17 

 

80.6b ±1.17 

 

74.9a±1.17 

 

0.0035 

Slaughter 
Weight 

2.28b± 0.04  

 

2.15b± 0.45   

 

1.96a± 0.05 

 

0.0001 

Carcass Weight 1.78b ±0.03                 1.73b ±0.03            1.47a ±0.04 0.0001 

Organ weight as 
proportion of live 
weight 

    

Liver Weight 0.017 ±0.001 0.0017±  0.001 0.018  ±0.001 O.815 

Heart Weight 0.004±  0.002 0.004  ±0.002 0.004  ±0.001 0.999 

Gizzard Weight 0.024 ± 0.001 0.026 ±0.001 0.025 ±0.001 0.772 

Intestine Weight 

 

0.020a ±0.001 

 

0.026b ±0.001 

 

0.026b± 0.001 

 

0.010 

Feet Weight 0.036± 0.002 

 

0.038 ±0.002 

 

0.040 ±0.002 

 

0.403 

Head Weight 

 

0.026± 0.001 0.027 ±0.001                   0.027 ±0.001 0.796 
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3.5. Conclusion 

Feed restriction had an effect on growth performance of broiler chicken; furthermore, the weight 

gained by the birds in unrestricted feeding was similar to the broilers that were restricted for one 

week. The broilers that were restricted for two weeks were not able to compensate and reach the 

slaughter weight when compared to the other treatments. The feed conversion efficiency was 

highest at week 5 for one week restricted birds, which is why there was high average daily gain. 

The ADG for one week restriction was high at week 5, after one week of feed restriction period 

similarly ADG for two weeks restriction was high in week 6 after one week of feed restriction, 

although it did not reach the same slaughter weight as other treatments. Feed restriction had 

minimal effect on the organ weights of broiler chickens, although intestines were affected by 

restriction. The study showed that one week restriction bird had better results compared with two 

weeks of restricted birds. According to the study feed restriction for one week may be suitable 

for the growth performance of broiler chicken. However, can it be suitable for the meat quality of 

broiler chickens.  
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Chapter 4: Effect of quantitative feed restriction duration on physico-chemical shelf life 
indicators of broiler meat 
 

Abstract 

The objective of the study was to evaluate the effect of restricted feeding duration on physico-

chemical shelf-life indicators of broiler meat. A total of 144 day old broiler chicks were reared in 

a deep litter system until slaughter at 42 days. Chicks were randomly allocated to three 

treatments which were replicated three times with 16 birds per replicate. The three treatments 

were the control (T1), one week of feed restriction (T2), and two weeks of feed restriction (T3). 

Birds were fed with starter, grower and finisher diets. The parameters for meat quality were 

analysed using one-way analysis of variance. After slaughter breast muscle where sampled for 

WBSF and cooking loss after 10 days of storage, breast muscles were also sampled for the 

determination of colour (L*, a*, b*), saturation index, hue angle (Ho) and pH for 10 consecutive 

days after slaughter. Significant effect (P < 0.05) was found in cooking loss, with WBSF having 

no significant effect (P > 0.05) for breast muscles. Using quantitative feed restriction had a 

significant effect (P < 0.05) on the pHu, lightness, redness, yellowness and saturation index of 

the meat, however, hue angle was not affected by the treatment. The pH level on breast meat 

from treatment 3 were 5.95 after slaughter with treatment 1 and 2 having higher values (6.05, 

6.1, respectively). The pH levels in all the treatments were generally constant after 24hours to 

day 5 (5.87-6.05). The lightness levels in all the treatments were generally constant from day1 to 

day 7 (42.56 – 44.53). At day 8 the L* (lightness) values in treatment 2 reached its peak (58.49) 

then declined on day 9. The b* values started to decrease from day 3 to day 6 then peaked up 

again at day 7 except for treatment 1. There was no significant effect on the saturation index and 

hue angle on breast muscle. In conclusion, feed restriction did not affect meat quality after 24 
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hours, all the values were within normal range, and feed restriction had a minimal effect on 

shelf-life of broiler chickens during 10 days of storage. 

Keywords: Shelf-life, meat colour,meat quality, meat pH, cooking loss and tenderness   

4.1 Introduction 

Broiler chickens have been improved in many traits such as daily weight gain, feed efficiency 

and resistance to disease. However, the high selection intensity for growth rate has caused many 

problems; especially the decreasing development of meat quality attributes (Rance et al., 2002). 

Meat quality attributes such as juiciness, tenderness, drip loss, cooking-loss, ultimate pH and 

shelf-life are the major parameters considered in the assessment of meat (Muchenje et al., 2008; 

Muchenje et al., 2009). They are important to the consumer as well as to the processor when 

producing value-added meat products (Allen et al., 1998). 

The feeding method is a very important factor of poultry growth, production and meat quality 

since the feed composition can affect or change strongly the characteristics of chicken quality 

(Jaturasitha et al., 2004; 2008). The effect of feed restriction on meat quality depends on 

implementation, on the intensity of feed restriction, its duration, and age when it is applied. Feed 

restriction can enhance meat quality by reducing the amount of total carbohydrate available for 

postmortem conversion of glycogen to lactic acid (DeSmet et al., 1996). Feed restriction is seen 

as a tool for raising muscle ultimate pH and reducing the incidence of pale, soft and exudative 

(PSE) pork (Warriss, 1982). On the other hand, long feed restriction increase the prevalence of 

DFD (dark, firm, dry) pork due to muscle glycogen exhaustion (Eikelenboom et al., 1991; 

Gispert et al., 2000; Guàrdia et al., 2005). Feed restriction is also observed in reduced growth 

and enhanced fat deposition when animals were fed a reduced energy feed.   
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Poultry meat is a perishable product consisting of carbohydrates, protein, lipids, and water. 

Product conservation must meet certain standards in order to preserve its quality until 

consumption by the final user. Shelf-life is the period of time between packaging of a product 

and its end use while the product properties remain acceptable for the product user (Lorenzo and 

Gomez, 2012). The shelf-life properties may include colour, appearance, texture, flavour and 

nutritive value (Singh and Singh, 2005) hence consumer’s judge meat quality from these 

properties. According to Cross et al. (1986), those meat properties are among the most important 

and perceptible that influences the initial and final quality judgment by consumers. 

To extend shelf-life, there are common methods to store fresh meat like the vacuum packaging, 

modified atmosphere packaging (MAP) and by using an active packaging (Marsh and Bugusu, 

2007). Active packaging consists of incorporating active agents into packaging, which interact 

with meat through various mechanisms such as eliminating undesirable compounds or adding 

beneficial compounds to the product (Vermeiren et al., 1999). Packaging extends the shelf-life 

and improves safety or sensory properties while maintaining the quality of the product 

(Anonymous, 2001). 

 Feeding strategy is also important in the management which is most actively used as a quality 

control tool in the production of meat. Therefore, the aim of this study was to determine the 

effect of quantitative feed restriction on the physico-chemical shelf-life indicators of broiler 

chicken. 
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4.2.1 Study site and management of broiler chicks 

The information on the study site, experimental animals and management of the chickens is 

described in Sections 3.2.1 and 3.2.2. 

4.4.2 Slaughter procedure 

The information on the slaughtered procedure is described in Section 3.2.6 

4.2.3 Procedures after slaughter 

The chickens were slaughtered at the end of the experiment (day 42). After plucking, 

evisceration and dressing, the carcasses were stored at 4˚C overnight. The left breasts were 

deboned, the skins removed and cut into halves longitudinally in preparation for the shelf-life 

trial. Each of the halves of the left breasts were weighed (WB) and packed. The trays were then 

stored at 4˚C over 10 days. Every day each sample per treatment was randomly removed from 

the cooler to measure the shelf-life of meat. 

4.3. Meat quality measurement 

4.3.1 Meat pH measurement 

The pH of meat was determined from the chicken breast daily after slaughter for 10 consecutive 

days. The measurement were carried out using a portable pH meter (crison ph25, crison 

instruments SA, Spain) equipped with a penetrating electrode. The pH meter was calibrated 

using pH 4, pH 7 and pH9 standard solution (crison instruments SA, Spain). 
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4.3.2 Meat colour measurements 

Measurements for breast meat colour coordinates (lightness, L*; redness, a* and yellowness, b*) 

were measured using a colour-guide 45/0 BYK-Gardner GmbH machine, with a 20mm diameter 

measurement area and illuminan D65-day light, 10˚ standard observer. Three readings were 

taken by rotating the colour Guide 90˚ between each measurement in order to maintain a 

representative average of the colour. The machine was calibrated each day before taking 

measurements. The green, black and white standard colour samples provided for this purpose 

will be used. The saturation index (SI) and hue angle (HA) was calculated using the following 

formulae: SI index= [(a*2+b*2)0.5] and Hue Angle [(tan-1(b*/a*))] according to Boccard et al. 

(1981). 

4.3.4 Determination of cooking loss and tenderness 

The meat samples were placed in a plastic bag and cooked using a water bath at 75 ˚C for 45 

minutes (Ding, Kou, Cao & Wei, 2010). Cooking loss was then calculated using the following 

formulae:  

Cooking loss (CL) % =         weight before cooking-weight after cooking   ×100 

                                                                Weight before cooking 

The tenderness of breast muscle was determined using the Instron- Warner-Bratzler Shear Force 

(WBSF). Following cooking, sub samples of specified core diameter were cored parallel to the 

grain of the meat. Three sub samples measuring 10 mm core diameter were cored parallel to the 

grain of the meat. The samples were sheared perpendicular to the fibre direction using a Warner 

Bratzler (WB) shear device mounted on an Instron (Model 3344) Universal Testing apparatus 
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(cross head speed at 400mm/min, one shear in the centre of each core). The mean maximum load 

(N) was recorded for the batch.4.4 Statistical analysis 

The effect of feeding on pH, colour, analysed using PROC GLM procedures of SAS (2003) and 

pair wise comparisons of LSMeans were done.  

The statistical model used was 

Yij =µ+αi + βj + eij 

Where 

Yij = meat colour (L*, a*, b*), SI, HA, pH, cooking loss and tenderness 

• µ =constant 

• αi =effect of feeding (Control, birds restricted for  one week, birds restricted for two 
weeks) 

• βj= effect of days  (1-10) 

• eij =random error     
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4.5 Results and Discussion 

Table 4.1 shows effect of treatment on cooking loss and tenderness of broiler chicken meat. 

There was a significant difference (P < 0.05) on the cooking loss of the breast muscle. However, 

WBSF of breast muscle were not affected by treatment. The WBSF were observed to be highbin 

TRT 3 (13.6 ± 0.77) compared to TRT1 and TRT2 (12.0 ±0.77 and 12.1 ± 0.77, respectively). 

This is in agreement with findings by Kristensen et al. (2004) and Therkildsen et al. (2004) who 

reported that when exhibiting feed restriction there is an increase in muscle protein turnover and 

this therefore improve WBSF in broilers. Cooking loss values were ranging at 13.4, 14.3 and 

16.1 for TRT 1, TRT 2 and TRT 3, respectively they were lower than the values reported by 

other authors (Barbanti et al., 2005).  
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Table 4. 1 Least square means and standard errors of cooking loss (CL) and warner braztler 
shear force (WBSF) of broiler as affected by treatment. T1 -birds fed ad libitum, T2 –birds 
restricted for one week, T3-birds restricted for two weeks  

 

Parameters     Treatments  P-Value 

 T1 T2 T3  
Cooking Loss (CL %) 16.1 ±0.66b 14.3 ±0.66a 13.4± 0.66a 0.015 

WBSF(N) 12.0 ±0.77 12.1 ± 0.77 13.6 ±0.77 0.255 

abc Means with different superscripts in a row are significantly different at (P < 0.05) 
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The effect of treatment on pH, colour, saturation index and hue angle of chicken breast meat 

after 24 hours of storage are shown in Table 4.2. Though HA was not affected by treatment (P > 

0.05), significant difference (P < 0.05) was observed for the effect of treatment on meat pHu, L 

*(lightness), a*(redness), b*(yellowness) and SI (saturation index). The current results for breast 

ultimate pH was significantly different (P < 0.05) between T1 (5.89) and T2 (5.99), while T2 

(5.99) was not significantly different to T3 (6.01), the highest results was found in T3, this may 

be due to stress of restriction. The results from this study agree with the study by Maltin et al., 

2003, anaerobic glycolysis generates lactate that accumulates, lowering the intracellular pH, so 

that by 24 h post-mortem, the pH falls to an ultimate pH (pHu) of about 5.4 to 5.7.  

The meat in T1 showed higher values of redness and yellowness (6.63, 15.89), compared with T 

2 (2.86, 13.23) and T3 (4.94, 14.73). Furthermore, T1 was observed to have a low pHu, resulting 

in meat that appears less red and more yellow, which is in agreement with other studies where a 

sample with low pHu is expected to reduce the importance of myoglobin in selectively absorbing 

green light. Though lightness values were significant (P < 0.05), the lowest L* values were found 

in meat from T 3 (42.06), compared with T1 (42.56) and T3 (43.26). This may be caused by pre-

slaughter handling and long withdrawal of feed resulting in chickens being stressed.  
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Table 4.2 Least square means and standard errors for pHu, L*(lightness), a*(redness), 
b*yellowness), SI (saturation index) and HA (hue angle) of meat samples (breast Chicken) as 
affected by treatment after 24hours of storage. T1 -birds fed ad libitum, T2 – Birds restricted of 
feed for one week, T3- Birds restricted of feed for two weeks 

abc Means with different superscripts in a row are significantly different (P < 0.05) SEM= 
standard error of means; pHu=ultimate pH 
 

  

  Treatments  SEM 

Attributes T1 T2 T3  

pHu 5.89a 5.99b 6.01b 0.007 

L* 42.56a 43.26b 42.06a 0.837 

a* 6.63c 2.86a 4.94b 0.136 

b* 15.89b 13.23a 14.73ab 0.176 

SI 17.19c 13.57a 15.73b 0.193 

HA 0.97 0.99 0.97 0.002 
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Effect of refrigeration storage over 10 days on pH of broiler chicken (42 days) is presented in 

Figure 4.1. The pH levels in all the treatments were generally constant after 24hours to day5 

(5.87-6.05), with treatment 3 declining on day 5 with treatment 1 and 3 having higher values. On 

day 7 treatment 2 reached its peak then declined on day 8 having the lowest values than TRT 1 

and 3. Edward (1984); Greer and Murray (1988) stated that lower pH meat have a shorter shelf-

life compared to higher pH product, which may be due to less enzymatic reduction and faster 

rate of myoglobin oxidation which is favoured at lower pH. The pH was high on day 1, 7 and 10 

in treatment 2, compared to treatment 1 and 3. This may be caused by the storage conditions 

resulting meat with higher pH. According to Chodová, and Tůmová, 2013, feed restriction 

affects muscle fiber characteristics, and it can change the percentage of oxidative fibers and leads 

to higher pH value.  

Treatment 3 had a lower pH towards the end of the storage. According to a study by (Ouhyoun, 

2003) a decrease in pH of meat, may be due to stimulation of glycolytic pathway of muscle 

energy metabolism. Furthermore, restricted feeding favour the oxidative metabolism pathway, as 

proven by the higher percentage of oxidative fibers in muscles of feed restricted compared to ad 

libitum fed animals (Metzger et al., 2009). 

The pH of breast muscle sample for shelf-life in all the treatments ranged from 5.8 to 6.1. Elena 

et al. (2012) stated that meat is considered to have a very good quality at a pH of 6.2 when pH 

value is higher than 6.7 meats became unpalatable. 
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Effect of refrigeration storage over 10 days on the Lightness (L*) of broiler chicken (42 days) is 

presented in Figure 4.2.  The lightness levels in all the treatments were generally constant from 

day1 to day 7 (42.56 – 44.53). There was a treatment difference effect (P < 0.05) \on day 8, with 

treatment 2 reaching its peak (58.49) then declined on day 9 with treatment 1 and 3 having the 

lowest values. In addition, the high level of L* (lightness) on day 8, caused a decrease in pH 

(5.94) during storage. This is in agreement with other researchers (Qiao et al., 2001; Medic et al., 

2009; Salakavo et al., 2009)  reported that breast meat with higher L* values have lower pH .  In 

this experiment, the values of   L* were within the range of meats characterized as normal (42.56 

-58.49).  
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 Figure 4.1: Effect of treatment during storage time (days) on the pH levels of broiler breast 
muscle. T1 -birds fed ad libitum, T2 -birds restricted of feed for one week, T3- birds restricted of 
feed for two weeks 
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Figure 4.2: Effect of treatment during storage time (days) on the Lightness (L* values) of 
broiler breast muscle. T1 -birds fed ad libitum, T2 -birds restricted of feed for one week, T3- 
birds restricted of feed for two weeks 
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Effect of refrigeration storage over 10 days on the redness (a*) of broiler chicken (42 days) is 

presented in Figure 4.3. The colour component a* is associated with the amount and chemical 

state of myoglobin, the main pigment of muscle tissue (Genot, 2003; Lawrie, 2005). The 

highest redness (a*) values were observed at day 8 with treatment 3. Increases in the values of 

a* are due to the oxidation of myoglobin during the storage, resulting in browning of the meat 

(Genot, 2003).The lowest values were found in treatment 2 after 24 hours of storage. 

Effect of refrigeration storage over 10 days on the yellowness (b*) of broiler chicken (42 days) 

is presented in Figure 4.4. The b* values started to decrease from day 3 to day 6 then peaked 

up again at day 7 except for treatment 1. In day 2 treatment 1 was significantly higher (P<0.05) 

compare with treatment 2 and 3 at 2 days of storage time.  

Effect of refrigeration storage over 10 days on the saturation index of broiler chicken (42 days) 

is presented in Figure 4.5. Saturation index was found to be high on day 2 in TRT 1 and lowest 

on day 2 with treatment 3. Effect of refrigeration storage over 10 days on the Hue angle of 

broiler chicken (42 days) is presented in Figure 4.6.The highest values of hue angle were found 

to be in treatment 2 at the end of the storage, with lowest being treatment. 
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Figure 4. 3: Effect of treatment during storage time (days) on the redness (a* values) of broiler 
breast muscle. T1 -birds fed ad libitum, T2 -birds restricted of feed for one week, T3- birds 
restricted of feed for two weeks 
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Figure 4. 4: Effect of treatment during storage time (days) on the yellowness (b* values) of 
broiler breast muscle. T1 -birds fed ad libitum, T2 -birds restricted of feed for one week, T3- 
birds restricted of feed for two weeks 

 

 

 

 

 

 

 

12

12.5

13

13.5

14

14.5

15

15.5

16

16.5

1 2 3 4 5 6 7 8 9 10

b*
 v

al
ue

s

Days in storage

T1

T2

T3



73 
 

 

Figure  4. 5: Effect of treatment during storage time (days) on the Saturation index of broiler 
breast muscle. T1 -birds fed ad libitum, T2 -birds restricted of feed for one week, T3- birds 
restricted of feed for two weeks 
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Figure 4. 6: Effect of treatment during storage time (days) on the Hue angle of broiler breast 
muscle. T1 -birds fed ad libitum, T2 -birds restricted of feed for one week, T3- birds restricted 
of feed for two weeks 
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4.6. Conclusion 

In conclusion, feed restriction had a minimal effect on physico-chemical shelf-life indicators of 

breast muscle during storage over 10 days. The highest values for pH during storage were 

observed from birds that were restricted for one week. The ultimate pH was slightly higher on 

the two weeks restricted broilers, but on one week and control broilers were in an acceptable 

range. Meat quality measurements, like colour were not affected by feed restriction, but in an 

acceptable range. Cooking loss values in all the treatments were lower than the recommended 

values by other researchers. It can be concluded that feed restriction had minimal effect on 

meat quality. 
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Chapter 5: Effect of feed restriction duration on fatty acids profiles of broiler chicken 
meat 

Abstract 

The objective of the study was to determine the effect of quantitative feed restriction duration 

on fatty acid profiles and health related indices of broilers chicken meat. A total of 144 day old 

broiler chicks were reared in a deep litter system. The chicks were randomly allocated to three 

treatments; the control (T1), one week of feed restriction (T2), and two weeks of feed 

restriction (T3). Birds were slaughtered at 42 days of age; fatty acid analysis was done on the 

breast muscle of broiler chicken. The treatments had an effect (P < 0.05) on C20:4C5, 8, 11, 

14, (N-6) and C18:3 c 6, 9, 12 (n-6). There was no treatment effect on the SFA, MUFA, PUFA, 

(n-6), (n-3), PUFA/MUFA and n-6/n-3. Treatment 3 had the highest proportions of PUFA. 

There was no significant difference (P > 0.05) in treatments observed in both the atherogenic 

index (AI) and desaturase index (DI) of breast meat in current study. It can be concluded that 

feed restriction did not affect fatty acid profiles of breast chicken meat.  

Keywords: Fatty acids profiles, feed restriction, atherogenic, desaturase  and breast muscle 
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5.1. Introduction 

The fatty acid compositions of foodstuffs are important for healthy human. Nutritionists 

recommend a small portion in fat intake in SFA and trans fatty acids, which are associated with 

an increased risk of cardiovascular disease and some cancers (Burlingame et al., 2009; 

Brouwer et al., 2010; USDA and HHS, 2010; Mapiye et al., 2011). Nutritionists urge 

consumers to take polyunsaturated fatty acids, including the omega-3 classes; the feed used for 

the rapid development of the offspring contains these fatty acids (Barroeta, 2007). The n-3 and 

n-6 FAs play an important role in human nutrition, both being precursors of eicosanoids, 

prostaglandins, leucotriens, and thromboxanes that regulate the cardiovascular and 

immunological processes (Grashorn, 2007) and are rich in poultry meat.  

Fatty acid composition and concentration of several nutrients depend largely on the diet fed of 

the birds (Anna Haug, 2007) and there has been increased recent interest in manipulating the 

fatty acid (FA) composition of meat. Interest in meat fatty acid composition is mainly from the 

need to find ways to produce healthier meat with a higher ratio of polyunsaturated (PUFA) to 

saturated fatty acids and a more favorable balance between n-6 and n-3 PUFA.  

Handling of feed to improve fatty acid of meat is of importance. Excessive fattening is 

undesirable for both bird health and meat quality (Shahin and Elazeem, 2005; 2006). 

Therefore, quantitative feed restriction of broilers might reduce the amount of fat or abdominal 

fat in carcasses. Early feed restriction has been proven by many investigators that it improves 

growth characteristics with lower fat accumulation as it is described in Chapter 3  (Plavnik and 

Hurwitz, 1985, 1988, 1989; Santoso et al 1993; Santoso et al., 1995a,b), and they  also showed 

that early feed restriction resulted in lower hepatic acetyl-CoA carboxylase activity, a rate 

limiting enzyme for fatty acid synthesis. 
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Meat healthiness is largely related to its fat content and its fatty acid composition (Fisher et al., 

2000). Having an influence in feeding may reduce negative effects caused by feedstuffs such as 

excessive carcass fatness that can be perceived negatively by consumers (Malan, 2003). 

Therefore, the objective of the study was to determine the potential of feed restriction on fatty 

acids profile of broiler meat. 

5.2 Material and Methods 

5.2.1 Study site and management of broiler chickens 

The study site and experimental procedures are described in chapter 3, Sections 3.2.1 and 
3.2.2. 

5.2.2 Fatty acid profile determination 

The total lipid from breast muscle samples of the feed restriction treatments was extracted 

using Soxhlet extraction according to AOAC (2003) procedures for determination of fats. Total 

lipid from breast muscle samples were quantitatively extracted, according to the method of 

Folch et al. (1957), using chloroform and methanol in a ratio of 2:1. An antioxidant, butylated 

hydroxytoluene was added at a concentration of 0.001 % to the chloroform: methanol mixture. 

A rotary evaporator was used to dry the fat extracts under vacuum and the extracts were dried 

overnight in a vacuum oven at 50°C, using phosphorus pentoxide as a moisture adsorbent. 

Total extractable fat was determined gravimetrically from the extracted fat and expressed as 

percent fat (w/w) per 100 g tissue. The extracted fat from feed, subcutaneous fat and muscle 

was stored in a polytop (glass vial, with push-in top) under a blanket of nitrogen and frozen at 

–20°C pending fatty acid analyses.  

A lipid aliquot (20 mg) of feed, subcutaneous and muscle lipid was transferred into a Teflon-

lined screw-top test tube by means of a disposable glass pasteur pipette. Fatty acids were 
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transesterified to form methyl esters using 0.5 N NaOH in methanol and 14 % boron trifluoride 

in methanol (Park and Goins, 1994). FAMEs from subcutaneous fat, feed and muscle were 

quantified using a Varian 430 flame ionization GC, with a fused silica capillary column, 

Chrompack CPSIL 88 (100 m length, 0.25 mm ID, 0.2 μm film thicknesses). Analysis was 

performed using an initial isothermic period (40°C for 2 minutes). Thereafter, temperature was 

increased at a rate of 4°C/minute to 230°C. Finally an isothermic period of 230°C for 10 

minutes followed. FAMEs n-hexane (1μl) were injected into the column using a Varian CP 

8400 Autosampler. The injection port and detector were both maintained at 250°C. Hydrogen, 

at 45 psi, functioned as the carrier gas, while nitrogen was employed as the makeup gas. 

Galaxy Chromatography Software recorded the chromatograms.  

Fatty acid methyl ester samples were identified by comparing the retention times of FAME 

peaks from samples with those of standards obtained from Supelco (Supelco 37 Component 

Fame Mix 47885-U, Sigma-Aldrich Aston Manor, Pretoria, South Africa). All other reagents 

and solvents were of analytical grade and obtained from Merck Chemicals (Pty Ltd, Halfway 

House, Johannesburg, South Africa). 

 Fatty acids were expressed as the proportion of each individual fatty acid to the total of all 

fatty acids present in the sample. The following fatty acid combinations were calculated: 

omega-3 (n-3) fatty acids, omega-6 (n-6) fatty acids, total saturated fatty acids (SFA), total 

monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), PUFA/SFA ratio 

(P/S), n-6/n-3 ratio, atherogenicity index and desaturase index. 
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5.2.3 Indices of lipid quality 

From the data of fatty acid composition, the index of atherogenicity (AI) and the desaturase 

index (DI) were calculated. The AI is an indication of the relationship between the pro-

atherogenic SFAs and the main classes of anti-atherogenic PUFAs and the DI estimatesthe 

activity of steraroyl-coenzyme-A desaturase (SCD)/-desaturase by comparing product-to-

precursor fatty acid ratios and is also important for production of CLA and MUFA (Souyert et 

al.,2006) 

of the tendency of clot formation in blood vessels based on the relationship between pro 

thrombogenetic SFAs and anti-thrombogenetic MUFAs and PUFAs (Garaffo et al., 2011). The  

indices were calculated using the formulae proposed by Ulbricht and Southgate (1991): 

 

AI = 12:0 + (4 x 14:0) + 16:0 / (n-6 PUFA + n-3 PUFA + MUFA) 

DI= C14: 1/C14: 0 

5.3 Statistical analysis 

Data for fatty acid composition and lipid health indices were analysed using the Proc GLM,  

procedure of SAS (2003) and pair-wise comparisons of LS Means was done. The following  

statistical model was used: 

Yij=μ + αi + Eij. Where, 

Ø Yij= dependent variables (fatty acid  profiles and health lipid index variables) 
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Ø μ= overall mean 

Ø αi= effect of treatments (Control, birds restricted for  one week, birds restricted for two 

weeks) 

Ø Eij= random error 
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5.4. Results and discussion 

Table 5.1 presents the effect of feed restriction on fatty acids profiles of broiler chicken meat. 

The treatments had a significant effect (P < 0.05) on C20:4c5, 8, 11, 14 (n-6), and C18:3 c 6, 9, 

12 (n-6). The (C18:3 c 6, 9, 12 (n-6) was found to be highest in T1 (0.18) and lowest in TRT3 

(0.13), which is an essential fatty acid (National Research Council, 1994). There was no 

significant difference on SFA, but SFA had highest values in T 2 (32.7) and T3 (33.8) which 

were under feed restriction. The treatments had no effect (P > 0.05) on n-6/n-3 ratio, and in all 

the treatments the n-6/n-3 values were higher than the recommended value of < 5 (Rondelly et 

al., 2004). The n-6/n-3 ratio plays an important role in reducing the risk of coronary heart 

disease (American Heart Association, 2008). Treatments had an effect on PUFA/SFA ratio 

with meat from T1 having the highest values (0.57±0.01) and in all the treatments the ratio 

were relatively had favourable balance (0.5 ± 0.01) which is close to the recommended ratio of 

0.4 (Wood et al., 2003). No significant treatment effect was observed on the PUFA/MUFA, 

although it was highest in T 3 (0.38 ±0.01) and lowest in T 1 (0.36± 0.01).   

The level of PUFA in the current study was highest in T 3 (18.3± 0.531) and lowest in TRT 1 

(18.1± 0.531), the PUFA values were increasing with the increase of feed restriction period. 

The values for the other fatty acids did not differ significantly (P > 0.05) across the dietary 

treatments. The most abundant fatty acid class in all the samples was MUFAs, making up 

50.0±0.973, 48.9 ±0.973, and 47.7 ± 0.973 of the total fatty acid composition in meat samples 

from T 1, T 2, and T 3, respectively. The second most abundant class of fatty acids was SFAs, 

with 31.8±0.754, 32.7±0.754, and 33.8±0.754 in T 1, T 2 and T 3 samples, respectively. The 

PUFA content for T1, T2 and T3 samples was 18.1± 0.531, 18.2± 0.532,   and 18.3± 0.531, 

respectively. 
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There was no significant difference observed on %Fat, fat free dry matter and moisture among 

treatment groups. The moisture content for the treatments in this study were within the same 

range 71.6 – 77.8%, whereas fat content were higher than the recommended levels of 1.35 to 

3.90 % observed by (Suchy et al., 2002) on prolonged feeding. 
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Table 5. 1: The effect of feed restriction duration on fatty acids profiles of broiler chicken 
meat.  

Fatty Acids  Treatments   Significant 
Difference 

T1 

(ad libtum) 

T2 

(One week) 

 T3 

(Two weeks) 

     

C12:0 

C14:0 

C14:1c9 

C16:0 

C16:1c9 

C17:0 

C17:1c10 

C18:0 

C18:1c7 

C18:1t9 

C18:1c9 

C18:2c9,12 (n-6) 

C20:0 

C18:3c6,9,12 (n-6) 

C20:1c11 

C18:3c9,12,15 (n-3) 

C20:2c11,14 (n-6) 

C20:3c8,11,14 (n-6) 

C20:4c5,8,11,14 (n-6) 
 

0.22 0.014 

0.58±8 0.030 

0.15± 0.012 

25.0 ±0.580 

ND 

0.05± 0.006 

0.08a ±0.021 

5.85 ±0.368 

3.42± 0.180 

0.08b± 0.015 

39.0± 0.800 

16.0± 0.317 

0.04 ±0.005 

0.18b± 0.009 

0.16± 0.018 

0.53± 0.017 

0.05± 0.009 

0.18± 0.035 

1.11b ±0.129 

0.20 0.014 

0.58± 0.030 

0.13± 0.012 

25.4 ±0.580 

ND 

0.05± 0.006 

0.05a± 0.021 

6.33 ±0.368 

3.29± 0.180 

0.04a± 0.018 

38.3± 0.800 

16.2 ±0.317 

0.04± 0.005 

0.13a± 0.009 

0.15± 0.018 

0.53± 0.017 

0.05± 0.009 

0.20 0.035 

1.13b 0.129 

0.24 0.014 

0.62± 0.030 

0.14± 0.012 

26.2 ±0.580 

ND 

0.06± 0.006 

0.19b± 0.021 

6.69 ±0.368 

3.16± 0.180 

0.04a± 0.018 

37.3± 0.800 

16.3± 0.317 

0.05± 0.005 

0.12a± 0.009 

0.14± 0.018 

0.52± 0.017 

0.04± 0.009 

0.18± 0.039 

0.48a ±0.129 

NS 

NS 

NS 

NS 

 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

* 

NS 

NS 

NS 

NS 

* 
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SFA  

MUFA  

PUFA  

(n-6)  

(n-3)  

PUFA:SFA  

PUFA/MUFA  

n-6/n-3  

 

31.8± 0.754 

50.0± 0.973 

18.1± 0.531 

17.6± 0.532 

0.53± 0.017 

0.57± 0.019 

0.36± 0.016 

33.3± 1596 

 

 

32.7 ±0.754 

48.9 ±0.973 

18.2± 0.532 

17.7± 0.532 

0.53 ±0.017 

0.55± 0.019 

0.37± 0.016 

33.1 ±1.1596 

 

 

33.8± 0.754 

47.7 ±0.973 

18.3± 0.531 

17.8 ±0.532 

0.52 ±0.017 

0.54 ±0.019 

0.38± 0.016 

34.1± 1.596 

 

 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

% Fat  

% Fat Free Dry Matter  

% Moisture  

5.49a ±1.332 

21.7± 0.381 

72.7 ±1.166 

5.15a ±1.332 

21.8± 0.381 

72.9 ±1.166 

7.27b ±1.332 

21.3 ±0.381 

71.3 ±1.166 

* 

NS 

NS 
abcMeans in the same row with similar superscripts are not significantly different (P >0.05) 
 
MUFA=Total mono-unsaturated fatty acids 
PUFA=Total poly-unsaturated 
SFA=Total saturated fatty acids 
P: S=PUFA/SFA ratio 
n- 6 / n-3=Total omega-6 and omega-3 fatty acids 
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5.4 Atherogenic and desaturase index levels in broiler breast meat 

The effect of atherogenic and desaturase index levels in broiler breast meat is presented in 

Table 5.2. There were no significant treatment difference effects (P > 0.05) observed in both 

the atherogenic index (AI) and desaturase index (DI) of breast meat in the current study. 

However, DI was highest in T1 (6.7 ± 0.45) and lowest in T 3 (5.7±0.45).  
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Table 5. 2: Effect of feed restriction on health lipid indices of subcutaneous fat and 
intramuscular fat 

  Treatments  Significance 

Index T1 

(ad libitum) 

T2 

(One week) 

T3 

(two weeks) 

 

AI 0.4± 0.01 0.4 ±0.01 0.4 ±0.01   NS 

DI 6.7 ±0.45 6.0± 0.45 5.7±0.45   NS 

AI-Atherogenicity Index  
DI-Desaturase Index 
NS-not significant 
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5.6 Conclusion 

The treatments had an effect on C20:4C5, 8, 11, 14, (n-6) and C18:3 c 6, 9, 12 (n-6). There was 

no treatment effect on the SFA, MUFA, PUFA, (n-6), (n-3), PUFA/MUFA and n-6/n-3. The 

broilers that were restricted for two weeks had the highest proportions of PUFA. There were no 

significant difference (P>0.05) in treatments observed in both the atherogenic index and 

desaturase index of breast meat in current study. The observation from this study showed that 

feed restriction had minor effect on the fatty acids profiles of breast muscle. Therefore feed 

restriction has no effect on the fatty acids of broiler chicken.  
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6. Chapter 6: General discussion, conclusions and recommendations 

6.1 General discussion 

The broad objective of the study was to determine the effect of restricted feeding on growth 

performance, physico-chemical characteristics, shelf-life indicators and fatty acids profiles of 

broiler chicken meat. A total of 144 day-old broiler chicks were used, the chicks were 

randomly allocated to the following three treatments; the control (T1), one week of feed 

restriction (T2), and two weeks of feed restriction  (T3). 

In Chapter 3, feed intake, growth rate, feed conversion efficiency, slaughter weight, carcass 

weight, dressing percentage and organ weight of broiler chickens was determined. Feed 

restriction had an effect on growth performance of broiler chickens. The ADG of T 2 and T 3 

were high after one week of their restriction period, T 2 being high at week 5 and T 3 high at 

week 6. The treatment 2 birds had high dressing percentage although there was no significant 

effect on slaughter weight between ad libitum and one week restriction birds. The treatments 

had minimal influence on organ weights of broiler chicken. The study showed that T 2 had 

similar results to T 1 with T 3 having lower results. The T 3 broilers had lower body weights 

due to longer period of restriction compared to other treatments. Other studies also observed 

the longer the period of under nutrition, the more difficult it is for broiler chickens to 

compensate for reduction in live weight (Yu and Robinson, 1992).  

Results from Chapter 4, showed that T 2 had high values of Lightness (L*) on day 8 compared 

to others. The birds that were restricted for one week had the highest values of pH at day 1, 7 

and 10. This may be due to glycogen deficiency that usually occurs when animal survive stress, 

which is associated with  fasting but are slaughtered before they have sufficient time to 

replenish their muscle glycogen stores (Ngoka and Froning, 1982; Papinaho et al., 1995). 
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According to Chodová and Tůmová, (2013), feed restriction affects muscle fibre 

characteristics, which change the percentage of oxidative fibres leading to higher pH value. 

Meat quality was not much affected by feed restriction especially on the physic-chemical shelf-

life indicators. Lippens et al. (2000) also failed to find significant differences in meat quality 

when applying feed restriction programs in broilers. 

In Chapter 5, the treatments had an effect at (P<0.05) on C20:4C5, 8, 11, 14, (N-6) and C18:3 c 

6, 9, 12 (n-6). There was no treatment effect on the SFA, MUFA, PUFA, (n-6), (n-3), 

PUFA/MUFA and n-6/n-3. Broilers restricted for two weeks had the highest proportions of 

PUFA. There was no significant difference in treatments observed in both the atherogenic 

index (AI) and desaturase index (DI) of breast meat in current study. Furthermore, atherogenic 

index in this study was found to have low values. According to Usoro et al. (2006) low 

atherogenic indices are protective against coronary heart disease. 

Fast growth rate in broiler chickens is accompanied by increased body fat deposition. This 

situation most commonly occurs with broiler chickens that consume feed ad libitum. Feed 

restriction programs are strategies that can be used to alter feeding management in order to 

decrease fat in broilers, but according to this study there was little different effect between feed 

ad libitum and those that were restricted for one week. 
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6.2 Conclusion 
The use of feed restriction on broilers had a significant effect on growth performance, even 

though it did not have much effect on the carcass characteristics of broiler chickens. Restricting 

broilers for one week had similar results as the unrestricted broilers. The birds that were 

restricted for two weeks, did not reach the slaughter weight according to this study. After feed 

restriction there was high feed conversion efficiency in one week and two weeks restricted 

broilers, which resulted in high average daily gain. Feed restriction did not have much different 

effect on physico-chemical shelf-life indicators of meat amongst the treatment although the 

meat was in an acceptable range. Feed restriction did not affect fatty acids profiles. 

Recommendations 

Observation from this study showed that feed restriction have a potential to be used in broiler 

chicken production. Feed restriction for one week is recommended because it did not 

negatively affect body weights of the broilers 

Further investigation using other means of quantitative restriction like skip a day restriction 

instead of long restriction period may be required. 
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7.1 Appendix 

 

Figure  7. 1: Accumulation of feed intake on T1-control, T2-on a week and, T3- two weeks 
restriction on broiler chickens. 

 

157.87
147.17

129.46

0

20

40

60

80

100

120

140

160

180

T1 T2 T3

Fe
ed

 In
ta

ke
 (k

g)

Treatments


