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CHAPTER II 
LITERATURE REVIEW 

 
2.1. Nutritional Requirement of Broiler 

Broiler is known as chicken derived from genetic engineering with 
economic characteristics, hence broiler meat is being one of the cheapest and 
affordable key sources of protein. Broiler is characterized by rapid growth rate 
and good meat quality (Rose, 2005), large body skeleton, rapid growth of feathers 
and body weight, and more efficient to convert feed to be meat (Hardjosworo and 
Rukminasih, 2000). Broilers grow to a slaughterweight of approximately 2.2kg in 
6 weeks (Bokkers, 2004). 

However, broiler is also sensitive to the diseases infection and difficult to 
adapt with the environment, hence the intensive and precise rearing are needed 
especially with regard to nutritional requirement to gain the maximum production 
(Rizal, 2006). The rearing period of broiler is about 4-6 weeks, so the nutrition 
must be fulfilled properly (Suprijatna et al., 2005). The most important factor 
should be considered about broiler feed are energy, protein, balancing essential 
amino acid, vitamin, and mineral contents. The nutritional values and the 
nutritional contents of feedstuff used must meet the requirements (Rasyaf, 2004). 
Standard of broiler nutrient requirements can be seen in Table 1. 

 
Table 1. Standard of broiler nutrient requirements 

Nutrient Period 
Starter (0-21 days)* Finisher (>21 days)** 

Metabolizable Energy 
(Kcal/Kg) 

Min. 2900 Min. 2900 

Crude Protein (%) Min. 19.0 Min. 18.0 
Crude Fat (%) Max. 7.4 Max. 8.0 
Crude Fiber (%) Max. 6.0 Max. 6.0 
Ca (%) 0.9-1.2 0.9-1.2 
Available P (%) Min. 0.4 Min. 0.4 
Lysine Min. 1.1 Min. 0.9 
Methionine  Min. 0.4 Min. 0.3 
Methionine+cystine Min. 0.6 Min. 0.5 
Source: *SNI (2006a) and **SNI (2006b) 
 
2.2. Morinda citrifolia L. (Noni) 
 The genus Rubiaceae, including the species Morinda citrifolia L., is 
made up of around 80 species. Morinda citrifolia is a bush or small tree, 3–10m 
tall, with abundant wide elliptical leaves (5–17cm length and 10–40cm width). 
The small tubular white flowers are grouped together and inserted on the 
peduncle. The petioles leave ring-like marks on the stalks and the corolla is 
greenish white (Cardon, 2003). 
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 The noni fruit (3–10cm length and 3–6cm width) is oval and fleshy with 
an embossed appearance. It is slightly wrinkly, semi-translucent, and ranges in 
colour from green to yellow, to almost white at the time of picking. It is covered 
with small reddish-brown buds containing the seeds. The ripe fruit exhales a 
strong butyric acid-like rancid smell (Ross, 2001).  
 
 
  

 
 

Figure 2. Morinda citrifolia L. (Noni) 
  
 Morinda citrifolia L. is a perennial bush and it is possible to find fruits at 
different stages of maturity on the same plant at the same time. The species is 
generally found from sea level to 400m altitude, although it adapts better to 
coastal regions (Luberck and Hannes, 2001). Under favorable conditions, the plant 
bears fruit about nine months to one year after planting. At this stage, the fruits 
can be harvested, but they are generally small and the yield per tree is low. Some 
producers choose not to harvest in the first year, and they prune in order to let the 
bush grow stronger. In Hawaii, noni fruits are harvested throughout the year, 
although there are an obstacle factors such as meteorological factors, fumigation, 
and irrigation also seasonal patterns factor in flowering and fruit (Nelson, 2003). 
 
2.3. Phytobiotic 

Phytobiotics are natural feed additives derived from plants with certain 
components of the active compound, which can be beneficial to health and 
livestock production. Various types of phytobiotics like turmeric, aloe vera, basil 
have a great potential to improve feed intake, body weight gain, and feed 
conversion ratio (Eevuri and Putturu, 2013). Phytobiotic in the digestive tract 
have a various effects such as antibacterial, antioxidants, and other biological 
activities (Cross et al., 2007). 

Noni (Morinda citrifolia L.) is used as medicinal plant which contains 
some substances such as saponin, alkaloid, flavonoid, and anthraquinone 
(Murdiati et al., 2000). Use of saponins at low level increases the permeability of 
the cell wall of the intestine. At level of 0.25% acts as antibacterial to reduce the 
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population of E. coli 2.5x106cfu/ml (Sen et al., 1998). However, at high level of 
1% has disturbed the cell activity (Bintang et al., 2008). High consumption of 
tanin, flavonoid, and saponin are able to decrease the palatability and inhibit GI 
tract system through covalent binding of phenol toward metabolic enzymes 
(Ariyanto et al., 2013). While, alkaloids can increase the activity of enzymes in 
the digestive tract, so that the absorption of feed improves (Heinicke, 1999).  

In addition, as reported by Ishartani et al. (2011) noni leaves comprised 
of protease enzyme about 0.44 µ/mg protein. Meat proteins are hydrolized by 
muscle endogenous proteases, such as calpains and cathepsin where contributes to 
improvement the properties of meat. Protein degradation caused by decrease in 
pH, which results in increased activity of muscle proteases (Lucke, 2000).  

 
2.4. Physical Quality of Meat 

Meat is defined as all animal tissues and all the products from tissues are 
being processed such as meatball, nugget, and saugase, so that appropriate to eat 
and does not cause health problems (Soeparno, 2005). Meat quality is observed by 
means of physical quality. Physical meat quality can be measured by pH, tensile 
and compressive strength, weight loss during cooking (cooking loss), water 
holding capacity (WHC), and tenderness. 

 
2.4.1. pH 

The condition of animal before slaughtered affects to the meat quality. 
After the animals are slaughtered there will be changes in physical and chemical. 
The process of glycolysis after the animal slaughtered affects on the pH value. 
Several intrinsic factors that affect muscle pH decline include species, muscle 
type, muscle glycogen, enzyme activity, and variability among animals, while 
extrinsic factors include ambient temperature, presence of additional treatment 
before cutting, and stress before slaughtering process (Soeparno, 2005). 

The longer time of postmortem will increase the post-mortem pH due to 
the conversion process of muscle into meat at certain postmortem interval. 
Postmortem pH value will be determined by the amount of lactic acid produced 
from glycogen reserves during anaerobic glycolysis. The decline in pH of normal 
meat pH decreased gradually from 7.0 to 5.6-5.7 range within 6-8 hours after 
slaughtered and gradually achieved a pH about 5.3 to 5.7 (Aberle et al., 2001). 
According to Lawrie (1995) decrease in pH will affect to the physical quality of 
meat, but rapid declined of pH results in PSE meat (Pale, Soft, and Exudative). 
Adversely increasing pH will result in DFD meat (Dark, Firm, and Dry) (Hafid 
and Rahim, 2008).  

 
2.4.2. Water Holding Capacity (WHC) 
 Water holding capacity (WHC) is an ability of meat protein in binding 
water during receives the outside forces, such as meat cutting, heating, grinding, 
and pressure. In other words, it is the ability of meat to absorb water 
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spontaneously from the environment. Meat protein and water are interacted via 
hydrogen molecule (Suryanti et al., 2011). Meat protein plays a role in binding 
broth content. High meat protein content leads to increase ability of meat to retain 
water, so results in low of free water content, and vice versa (Lonergan et al., 
2000). Free water is water which flows from the tissue and unimpeded. Weak 
surface forces mainly hold this fraction of water in meat. Free water is not readily 
seen in pre-rigor meat, but can develop as conditions change that allow the 
entrapped water to move from the structures where it is found. Meat WHC was 
also influenced by pH, muscle function, feed, animal age, and treatment before 
slaughtered (Soeparno, 2005).  

The majority of water in muscle is held within the structure of the muscle 
and muscle cells. Specifically, within the muscle cell, water can be found within 
the myofibrils, between the myofibrils themselves and between the myofibrils and 
the cell membrane (sarcolemma), between muscle cells and between muscle 
bundles (groups of muscle cells). When the pH is higher or lower than the 
isoelectric point of meat protein (5.0 to 5.1), the value of WHC will be higher. 
The rate of pH decline affects the WHC. Increasing number of denatured protein 
impacts to the rapid pH decline and subsequently sarcoplasmic will increase 
actomyosin to contract, so it will squeeze the liquid out of the meat protein 
(Lawrie, 2003). When the pH is higher there is an excess of negative charge 
(Rendle and Keely, 2010), while the lower pH there is an excess positive charge 
(Soeparno, 2005) that results in myofilaments rejection and give more space for 
water molecules, so WHC will increase. According to Young et al. (2004) that 
higher WHC value will increase meat quality in term of meat tenderness after 
cooking process. 

 
2.4.3. Cooking Loss (CL) 

Cooking loss (CL) is one indicator of the nutritional value of meat 
associated with levels of meat juiceness that is the amount of water bound within 
and between muscle fibers. CL is affected by the temperature and duration of 
cooking. Higher the cooking temperature, the greater also level of fluid lost of 
meat until it reached a constant level. CL can be also affected by pH, muscle 
fibers, myofibril contraction status, size and weight of meat (Soeparno, 2005). CL 
can be used to predict the amount of fluid content in cooked meat. The amount of 
fluid obtained in heating process will increase further at temperatures between 
107˚C and 155˚C. This may describe some damages of proteins and amino acids 
in that temperature range (Lawrie, 1995).  

Low CL has better quality than the larger CL due to smaller loss of 
nutrients during cooking process, less water out of the meat, minimum cellular 
membrane damage, and high WHC. Increase CL can be caused by the rapid 
decrease in postmortem pH due to denaturation of many protein myofibrils 
(Bulent et al., 2009), so it will be followed by loss of the protein's ability to bind 
water and ultimately increase CL (Shanks et al., 2002). Besides isoelectric pH, the 
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protein will also be denatured by heat temperature at around 50-80 C̊ because of 
hydrogen binding and hydrophobic interactions of non-polar protein will be 
broken (Ophart, 2003). In addition, the higher temperature and cooking time, the 
greater fluid level of the meat will lost until a constant level (Soeparno, 2005). 
The value of meat CL is quite varied between 15 to 40% (Lawrie, 2003). 

 
2.4.4. Tenderness 
 Factors affecting tenderness of meat is classified into antemortem factors 
such as genetics, including breed, species, physiology, age, management, gender 
and stress. Postmortem factors which among others included methods of chilling, 
refrigeration, and freezing and factors included time and temperature of storage 
and processing methods, and addition of additive materials (Soeparno, 2005). 
Tenderness of meat decreases with increases age of the animal, the connective 
tissue in the muscles of young animals lower than older animals (Lawrie, 2003).  

Tenderness level always close related to the protein myofibrilar status and 
muscle types. The muscles in the thighs area which were part of the movement 
has a high connective tissue and tend to be firm texture. There are two types of 
muscle namely firm texture with bonds of large fibers, and smooth texture with 
bonds of tiny fibers (Purbowati et al., 2006). Increase tenderness was undoubtedly 
a reflection of the greater water content and WHC and also greater properties of 
swelling tendon fibers at high pH subsequently (Lawrie, 1995). In addition, fats 
deposition can be related to the tenderness level. However, fats generated was not 
entirely get into the meat, because in the poultry fats accumulation under the skin 
(subcutan) in large numbers, as it also happens to accumulation of abdominal fat, 
hence fats content of meat remains low (Hartono et al., 2013).  


