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Abstract 
Livestock waste is one of the important problems in a livestock farming system. Various efforts was 
needed to reduce waste production. The use of waste is one of solution in reducing waste 
production to create an environmentally friendly livestock farming system. Utilization of livestock 
waste from PSh as feed ingredients for alternative protein sources can reduce the cost of feed use. 
This has an impact on a more efficient livestock business. The feather from the poultry contains 
high protein compounds. The application of waste from the poultry feather as a source of animal 
feed to improve the quality of quail meat has not been widely reported. The aim of the study was to 
examine the effect of giving feather waste extract (FWE) on the quality of thigh meat (Bicep femoris) 
for quail. A total of 100 heads quails, male, were used as samples. A total of 4 types of FWE 
administration treatments have been applied.  Four types of FWE treatment have been applied in 
this study, namely: (FA = 0%; FB = 1%; FC = 1.5% and FD = 2%). Each treatment unit was repeated 
5 times with 5 heads quail samples/treatment. The results showed that the application of FWE at 
different levels had a significant effect (p<0.05) on cooking loss (CL) and shear force (SF) of thigh 
meat (Bicep femoris), whereas in water holding capacity (WHC) it did not show a significant effect 
(p>0.05). The value of the WHC of thigh meat (Biceps femoris) is in the range of 33.33±1.65%-
42.07±5.01%, MSF of 0.40±0.05-0.93±0.18 kg/cm2 and CL of 6.10±2.70-19.90±4.51%. An 
application of 2% FWE in feed mixtures showed better meat quality of thigh meat (Bicep femoris). An 
application of FWE as a protein source for animal feed can be improve the environmental 
sustainability and create a more efficient livestock business. 
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1. Introduction 
 

The existence of the livestock industry lately has been the spotlight of the 
government, especially those dealing with the environment. The existence of the 
livestock industry has been claimed by the United Nations as one of the industries 
contributing to environmental pollution (FAO, 2006). The waste produced by the 
livestock industry is feared to have an impact on humans, both as workers and 
communities around the industry. 
One of the livestock industries that has the potential to produce waste is poultry 
slaughterhouses (PSh). The PSh is one of the industries that produce a lot of waste. One 
of the wastes produced are chicken feathers. Chicken feathers are composed of a large 
amount of protein so that it has the potential to be used as animal feed ingredients. 
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However, the digestibility of proteins from feathers is very low. 
One type of the bird that can use feather meal as a feed ingredient is quail (Coturnix 
coturnix). In Indonesia, quail is a type of bird that is quite popular. It has characteristics 
such as: unable to fly, smaller body size and also a short legged form.  Quail is one type 
of the bird that widely cultivated. Based on its population, quail is a type of livestock that 
widely developed in Indonesia. The total population is around 14,427,000 (Ministry of 
Agriculture, 2017). Quail is a type of the livestock that also developed in developing 
countries, such as Europe and Latin America. The quail and egg meat are processed into 
many food products (Ikhlas et al., 2011; Galíndez et al., 2010; Purohit & Mohan 2016). 
Feed needs consist of 60% of the total cost requirements in a quail livestock industry. 
About 70% of quail's ability is better at utilizing feed nutrients (Zancanela et al., 2015). 
The ability of the digestive process of proteins in the digestive tract is influenced by the 
process of gastric and pancreatic secretions (Yu et al., 2002). The addition of exogenous 
proteases causes an increase in growth performance. The process can be influenced by 
energy digestibility and amino acids (Cowieson & Roos, 2014). One source of poultry 
farm waste is feather.  The feather has a high protein content but very low digestibility. 
Feed digestibility affects meat quality. The level of absorption of food substances in the 
body of livestock affects the quality of quail meat. Protein levels in quail blood are not 
affected by changes in protein in feed partially (Bovera et al., 2007). The purpose of this 
study was to examine the effect of giving feathers on poultry feather extract on the 
performance of quail meat in the thigh muscle (Bicep femoris). 
 
2. Materials and Methods 
 
2.1 Research materials 

A total of 100 heads local quails (Coturnix coturnix) without sexing were used as 
research objects. Research objects using quail with body weight 30-36g, age 7 days. 
Feathers meal were obtained from poultry slaughterhouses (PSh), Daya, Makassar City, 
South Sulawesi, Indonesia.  Feathers were extracted using a combination of chemical 
with pressurized heating hydrolysis techniques. The concentrate feed was prepared by 
isoprotein. The cages were made in the form of plots measuring 30 cm x 20 cm x 30 cm. 
The ingredients were used in the preparation of feed consisted of feather extract, corn 
meal, coconut, soybean meal, rice bran, fish meal, vitamins and minerals. 
 
2.2 Research methods 
2.2.1 Design of research  

Completely randomized design (CRD) of Unidirectional patterns was used as 
the basic design in this research. A total of 4 treatments of feather waste extract (FWE) 
level were applied, which was repeated 5 times (FA = 0%; FB = 1%; FC = 1.5% and FD = 
2%). The study was conducted for 1 month. 
 
2.2.2 Implementation of research 

A total of 5 quails were included in each cage plot. A total of 3 stages of 
activities were applied in this study, namely: (1) preparation stage, (2) treatment and (3) 
field data analysis. Provision of feed ingredients, making cages, and stocking chickens is 
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the initial preparation stage. In addition, the process of cleaning cages, weather 
protectors, lights, feed and drink places and the sterilization process were carried out. 
Every week a weighing process was carried out. The feeding process was carried out 
every day and drinking water was given daily without being restricted. 
 
2.2.3 Data analysis of research 

ANOVA was used to analyze the research data, while further testing uses the 
Duncan’s test (Steel & Torrie, 1991). 
 
3. Result and Discussions 
 
3.1 Water Holding Capacity  

The water capacity holding capacity (WHC) by meat protein is the ability of 
meat protein to bind water particles. The WHC also has an understanding of the amount 
of water added as long as there is a force influence, such as meat cutting, heating, 
grinding, and pressure. In general, meat has the ability to absorb water spontaneously 
from a liquid-containing environment. The description of the differences of WHC of 
quail meat with different concentrations was presented in Figure 1. 
Meat is all animal tissue that can be consumed without causing health problems. Protein 
is the largest component of meat. Meat contains 68-80% of water, 16-22% of protein 
and partly consists of non-protein soluble substances and then 2-5% of fat. One of the 
important physical properties of meat is WHC.  WHC is the ability of meat protein to 
bind water particles. The bound water consists of three compartments, namely: 1) 
chemically bound water, 2) the layer is hydrophilically bound and 3) free water 
molecules. The value of WHC affects the quality of meat (Soeparno, 1994). 
The differences of the species, types of feed given, age of animals, muscle conditions, 
animal transportation activities, storage temperature, room humidity, storage methods, 
preservation, gender, health conditions, conditions before the cutting process and 
intramuscular fat levels have affect to WHC values (Soeparno, 1994). The results of the 
statistical analysis on the Figure 1 showed that the difference in levels of feather waste 
extract (FWE) no significant effect (p>0.05) on WHC values.  
The increased of the feed consumption results in an increase in relative protein 
absorption in energy. This is due to an increase in the rate of movement of feed particles. 
The other factors can be occur because of the degradation process in the digestive tracts 
of animal. The test results showed that the value of WHC on the thigh meat (Biceps 
femoris) of quail was in the range of 33.33±1.65%-42.07±5.01%. Increasing the level of 
administration of FWE tends to increase the value of WHC. The phenol groups that can 
reduce protein oxidation related to WHC values (Estévez et al., 2008). The quail has a 
more efficient and energy level of protein use than other species (Jordão-Filho et al., 
2011). 
 



276                                                   European Journal of Sustainable Development (2019), 8, 4, 273-280 

Published  by  ECSDEV,  Via dei  Fiori,  34,  00172,  Rome,  Italy                                                     http://ecsdev.org 

 
Figure 1. Comparison of the value of water holding capacity (WHC)(%) of thigh meat (Biceps femoris) from the 
quail through the provision of FWE at different levels; level of FWE (%) (FA=0%; FB=1%; FC=1.5%; 
FD=2%) 

 
3.2 Meat Shear Force 

The value of meat shear force (MSF) is related to tenderness. The results of the 
testing samples using equipment is one expression of the tenderness of meat. This is a 
subjective assessment. The high of MSF value in the meat testing indicates that the meat 
has a low tenderness level.  Conversely, the results a low MSF value indicate that the 
meat has a high of tenderness  (Miller et al., 2001).  The comparison of MSF values of 
meat from quail thigh muscle (Biceps femoris) in different FWE was presented in Figure 2. 

 
Figure 2. Comparison of the value of meat shear force (MSF)(kg/cm2) of thigh meat (Biceps femoris) from the 
quail through the provision of FWE at different levels; level of FWE (%) in the feeding formula (FA=0%; 
FB=1%; FC=1.5%; FD=2%); a,b,c The values followed by different alphabet at each treatment showed 
significant differences (p<0.05). 
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The tenderness phenomenon in meat is one of the factors that determine consumer 
acceptance. Tenderness can affect to customer satisfaction especially for palatability of 
meat.  Tender meat will be liked by consumers. This certainly determines to the selling 
price of meat (Savell et al., 1987; Savell et al., 1989; Smith et al., 1987). The results of 
statistical analysis (Figure 2) show that the difference in the level of FWE has significant 
effect (p<0.05) to the value of the MSF especially in thigh meat (Biceps femoris) of quail.  
The results showed a range of 0.40±0.05-0.93±0.18 kg/cm2 in Biceps femoris of quail. 
Meat tenderness will provide important economic value for producers (Boleman et al., 
1997). Meat tenderness influenced by the process of converting muscle to meat. There 
are three phases in the process of converting muscle to meat. (1) pre-rigor mortis phase, 
(2) rigor mortis and (3) postmortem (Tantamacharik et al., 2018).  This process is related 
to several factors such as muscle type, individual animals, and animal species (Becila et 
al., 2010; Lana et al., 2015; Lana & Zolla 2016; Malheiros et al., 2018).  There are 3 
factors that determine to the meat tenderness, namely hardness, the process towards 
tenderness and the tenderness phase (Hopkins & Geesink, 2009). The process of 
proteolysis after the death of animal is responsible for the process of tenderness of the 
meat (Hopkins & Thompson, 2002; Koohmaraie & Geesink, 2006; Ouali  et al., 2006). 
  
3.3 Cooking Loss 

Cooking loss (CL) is a phenomenon that occurs in meat which is the meat losses 
occurs during to the cooking process. The CL value can be used to estimate the amount 
of water in the meat. This result can be also the basis for estimating the amount of 
nutrient loss in the meat during cooking process. The meat that has a low CL has to the 
better quality of meat. This is related to the low loss of nutrients in the meat. The value 
of CL was influenced by the phenol content in the feed. Phenol content in feed can 
reduce to the occurrence of protein oxidation (Mehdipour et al., 2013). Comparison of 
the CL values of quail meat treated with the different of FWE was shown in Figure 3. 

 
Figure 3. Comparison of the value of  cooking loss (CL)(%) of thigh meat (Biceps femoris) from the quail through 
the provision of FWE at different levels; level of FWE (%) in the feeding formula (FA=0%; FB=1%; 
FC=1.5%; FD=2%); a,b,c  The values followed by different superscripts at each treatment showed significant 
differences (p<0.05). 
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The results of the statistics analysis showed that the application of FWE in quail feed 
showed a significant effect (p<0.05) on the CL value of Biceps femoris of quail meat 
(Figure 3). The CL test results are in the range of 6.10±2.70-19.90±4.51%. The 
increasing to the applications of FWE tend to decrease of the CL value. This can be 
caused by changes in the chemical and physical composition of the Biceps femoris during to 
the storage process (Soeparno, 1994). The CL was influenced by pH, sarcomere length 
of muscle fibers, muscle fibers, contraction status, sample size and weight and cross 
section on meat. The long cooking process will be reduce to the length of muscle fibers. 
The cooking process decreases linearly with increasing age in a animal. The difference of 
CL is also influenced by breed of the animal. Intramuscular fat inhibits the release of 
meat fluids during to the cooking process. Feed consumption can affect to the size of 
CL. Protein is related to the level of oxidative stress. The protein functions as an 
indicator of oxidative stress in postmortem tissue. Oxidative stress affects to the process 
of proteolysis and degradation of structural proteins such as desmin, troponin, actin, and 
myosin (Lana & Zolla, 2016; Picard & Gagaoua, 2017; Malheiros et al., 2018).  Flavor, 
juiciness and tenderness affect to the acceptability (delicious taste) of meat (Thompson, 
2002). 
 
4. Conclusion 
 

The feather waste obtained from the poultry slaughterhouses (PSh) have the 
potential to be processed into feather waste extract (FWE). It is one of solution in 
utilizing by products livestock to improve environmental conditions.   The FWE can be 
applied as a feed ingredient for protein source in quail feed. The application of FWE in 
quail feed (Coturnix coturnix) to reach a level of 2% markedly reduced cooking losses (CL) 
and meat shear force (MSF) during the research process. However, the application of 
FWE does not have an effect on water holding capacity (WHC) of the thigh meat from 
quail.  The application 2% of FWE in the feed of quail shows better meat quality than 
the other levels and controls. The application of FWE as a protein source for animal 
feed encourages efforts to reduce livestock waste production. The use of feather waste 
creates an environmental friendly on the livestock system. 
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