
Applied Animal Husbandry & Rural Development 2021, Volume 14      69 

 

Citation of this paper: Appl. Anim. Husb. Rural Develop. 2021, vol 14, 69-78:  www.sasas.co.za/aahrd/ 

 

The effect of quantitative feed restriction duration on physico-chemical shelf life 

indicators of broiler meat 
 

Z. Gobane1, S. Goni2#, D. Chikwanda1 & L. Zhou1 
1University of Fort Hare, Faculty of Science & Agriculture, Department of Livestock and Pasture Science,  

P/Bag X1314, Alice 5700, South Africa 
2#Döhne Agricultural Development Institute, Private Bag X15, Stutterheim 4930, South Africa 

1University of Fort Hare, Faculty of Science & Agriculture, Risk and Vulnerability Science Centre, P/Bag X1314,  

Alice, 5700, South Africa 

________________________________________________________________________________________________ 

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

feed composition can affect or change the characteristics of chicken meat quality. 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. Significant effect was found in cooking loss, with WBSF having no effect 

for breast muscles. Quantitative feed restriction had an effect on the pH, lightness, redness, yellowness and 

saturation index of the meat. 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. Therefore, feed restriction did not affect meat quality after 24 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. 
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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 characteristics of chicken quality (Jaturasitha et al., 2004; 2008). The effect of 

feed restriction on meat quality depends on application, 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 post-mortem 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 increases 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. 

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 (Gomez & Lorenz, 2012). The shelf-life properties may include colour, 

appearance, texture, flavour and nutritive value (Singh & 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. 
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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 & 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 (Kumar et al., 2018). 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. 

 
 

Materials and methods 
Study site  

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

Province of South Africa. The site is situated 520 m above sea level and is located 32.48°S and 26.53°E. The 
average annual rainfall is approximately 480 mm, and mostly comes in summer. The average mean annual 
temperature of the farm is 18.7°C. The topography of the area is generally flat with a few steep slopes. 

 

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 21 days. On day 22, the chickens were randomly allocated to the following three treatments; 
the control (T1), one week of feed restriction (T2), and two weeks of feed restriction (T3), and three broiler 

houses were sub-divided into three compartments each. 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. 
 

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. 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 feeding troughs. Feed wastages were minimized by filling the feeding troughs to about three quarter 
full. Birds were fed with broiler starter (Table1), 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. 
 

 
Table 1 Feed specification of the three phase diet that was fed to chickens 

Nutrients (g/kg)  Starter Grower Finisher 
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 

Source: Epol feed manufacture  
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Slaughter procedure 

The meat yield and carcass characteristics were determined at the end of the experiment by using a 
method of randomly selecting one bird from each replicate. The selected birds were starved of feed and water 

over night for 12 hours. The chickens were slaughtered at the end of the experiment (day 42). 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 (50-70 volts) under the beak 
for 5 seconds to reduce unconsciousness 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. One person was 

responsible for the throat cutting and one person for stunning. While they were hanged, chickens were given 
sufficient time to bleed. 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 analyses. 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. 

 

Meat pH measurement 

The pH of meat was determined from the chicken breast daily after slaughter for 10 consecutive days. 
The measurement was carried out using a portable pH meter (crison pH 25, crison instruments SA, Spain) 

equipped with a penetrating electrode. The pH meter was calibrated using pH 4, pH 7 and pH 9 standard 
solution (crison instruments SA, Spain). 

 

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 was used. The saturation index (SI) and hue angle (Ho) 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). 

 

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 (cross head speed at 400mm/min, one shear in the 

centre of each core). The mean maximum load (N) was recorded for the batch. 
 

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

significant difference (LSD) method was used to compare the means. The following model was adopted for 
the traits measured: 

 
Yij = μ + Ɓi + Ðj + eij 

 
Where: Yij is an observation for each trait (meat colour (L*, a*, b*), SI, HA, pH, cooking loss and 

tenderness), μ is the population mean, Ɓi is the effect of the ith treatments, Ðj is the effect of the jth days (1-10 

days), and eij is the random error.  
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Results and Discussion  
The effect of treatment on cooking loss and tenderness of broiler chicken meat is illustrated in Table 2. 

There was a significant difference on the cooking loss of the breast muscle. However, the WBSF of breast 

muscle were not affected by treatment, although WBSF were observed to be high in T3 (13.6±0.77) compared 

to T1 (the control) and T2 (one-week feed restriction) (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 there is an 

increase in muscle protein turnover when performing feed restriction and this therefore improve WBSF in 

broilers. Cooking loss values ranged between 13.4, 14.3 and 16.1 for T1, T2 and T3 (two weeks feed 

restriction) respectively, and they were lower than the values reported by Barbanti et al. 2005. 

 

 
Table 2 Least square means 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. 

 
 
 
 
 
 

a,bMeans with different superscripts in a row are significantly different at (**P < 0.01) 
 
 

The effect of treatment on pH, colour, hue angle (HA) and saturation index of chicken breast meat after 

24 hours of storage are presented in Table 3. Though HA was not affected by treatment (P>0.05), whilst 

significant differences (P<0.01) were observed for the effect of treatment on meat pH, L *(lightness), 

a*(redness), b*(yellowness) and SI (saturation index). The results for breast ultimate pH were significantly 

different between T1 (5.89) and T2 (5.99), while T2 (5.99) was not significantly different to T3 (6.01), and the 

highest results were observed in T3, and this may be due to stress of restriction. The results from this study 

concur with the study by Maltin et al., 2003, which state that 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 

T2 (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 (Trout, 2008). Though 

lightness values were significant (P<0.05), the lowest L* values were found in meat from T3 (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. 

 

 

Table 3 Least square means 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 24 hours of storage. T1- birds fed ad 

libitum, T2- birds restricted of feed for one week, T3- birds restricted of feed for two weeks. 

a,b,cMeans with different superscripts in a row are significantly different (*P< 0.05; **P<0.01) 

 

 
 

 

 

 

Parameters     Treatments  Significance 

 T1 T2 T3  

Cooking Loss (CL %) 23.57b 14.34a 13.45a ** 
WBSF(N) 12.06 12.15 13.67 NS 

  Treatments  Significance 

Attributes T1 T2 T3  

pHu 5.89a 5.99b 6.01b * 

L* 42.56a 43.26b 42.06a * 

a* 6.63c 2.86a 4.94b ** 

b* 15.89b 13.23a 14.73ab * 

SI 17.19c 13.57a 15.73b ** 

HA 0.97 0.99 0.97 NS 
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Effect of refrigeration storage over 10 days on pH of broiler chicken (42 days) is presented in Figure 1. 

The pH levels in all the treatments were generally constant after 24hours to day5 (5.87-6.05), with T3 declining 

on day 5, and with T1 and T3 having higher values. On day 7 treatment 2 reached its peak then declined on day 

8 having the lowest values than T1 and T3. Edward (1984); Greer and Murray (1988) stated that lower pH meat 

has 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 T2, compared 

to T1 and T3. This may be caused by the storage conditions resulting to a 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 Ouhayoun, 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 and when pH value is higher than 6.7, meats became unpalatable. 

 

 

 
Figure 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 

 

 

Effect of refrigeration storage over 10 days on the Lightness (L*) of broiler chicken (42 days) is 

presented in Figure 2. The lightness levels in all the treatments were generally constant from day 1 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) who reported that breast meat with 

higher L* values have lower pH. This study observed that the values of L* were within the range  

(42.56-58.49) of meats characterized as normal. 
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Figure 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 

 

 

The effect of refrigeration storage over 10 days on the redness (a*) of broiler chicken (42 days) is 

presented in Figure 3. The colour component a* is associated with the amount and chemical state of myoglobin, 

the main pigment of muscle tissue (Allen et al., 1998). The highest values of meat redness (a*) were observed 

on T3 at day 8 with the lowest values found in T2 after 24 hours of storage. Increases in the values of a* are 

due to the oxidation of myoglobin during the storage, resulting in browning of the meat (Allen et al., 1998).  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Effect of treatment during storage time (days) on the Redness (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 
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Effect of refrigeration storage over 10 days on the yellowness (b*) of broiler chickens (42 days) is 

illustrated in Figure 4. The b* values started to decrease from day 3 to day 6 then peaked up again at day 7 

except for T1. In day 2, treatment 1 was significantly higher (P<0.05) compare with T2 and T3 at 2 days of 

storage time. This result indicates that in addition to the pigment concentrations, other factors such as 

refrigeration storage can play an important role in determining the final skin colour of the meat of the chickens. 

The effects of these colour changes during storage are less critical but are still important for possible effects 

on product uniformity and consumer acceptance. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Effect of treatment during storage time (days) on the Yellowness (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 

 

 

Effect of refrigeration storage over 10 days on the saturation index of broiler chicken (42 days) is 

presented in Figure 5. Saturation index was found to be high on day 2 in T1 and lowest on day 2 with T3. 

These observations were fairly similar to those of Galobart, & Moran 2004, who conducted a study looking at 

the refrigeration and freeze-thaw effects on broiler fillets having extreme L* Values. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 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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Effect of refrigeration storage over 10 days on the Hue angle of broiler chicken (42 days) is presented 

in Figure 6. The highest values of hue angle were found to be in T2 at the end of the storage, with lowest  

being T1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 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 

 

 

Conclusions 
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 affected by feed 

restriction, but in an acceptable range. Cooking loss values were lower than the recommended values in 

literature. It can be concluded that feed restriction had minimal effect on meat quality. 
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