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CHAPTER II 

LITERATURE REVIEW 

 

2.1 Probiotic 

 The term probiotic is derived from Latin (pro) and 

Greek (bios). Probiotic define as live microorganisms or good 

bacteria, that confer a health benefit on the host when 

administered in adequate amounts. Probiotics are live microbes 

that can be formulated into many different types of product, 

including foods, drugs, and dietary supplements. Species of 

Lactobacillus and Bifidobacterium are the most commonly used 

as probiotics, but the yeast Saccharomyces cerevisiae and 

Bacillus species are also used as probiotics (Guarner et al., 

2011).  

 

  

 

 

 

 

 

 

 

 

Figure 2. Scanning electron microscopy of Lactobacillus casei 

Shirota (Hori, 2010) 

 

Probiotics have been widely used as a source of dietary 

supplements and increase the value of a food. In the 

development of modern probiotics, probiotics have been widely 

developed for fermented milk, vegetables, bread and wine 
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(Gogineni, 2013). Probiotics provide tremendous benefits to 

human life. A study reported that increase the population of non 

phatogenic micro-organisms including, which then inhibit 

growth of harmful micro-organisms by producing inhibiting 

substances (bacteriocins and/or organic acids) (FAO, 2016).  

In fact, now probiotics have entered the industrial 

market that is commercialized to the wider community. Some 

examples of probiotic development can be seen in Table 1.  

Table 1. Example strain probiotics in product 

Strain (alternative 

designations) 

Brand 

name 
Producer 

Bifidobacterium 

animalis DN 173 
Activia Danone/Dannon 

Lactobacillus plantarum 

299V 

GoodBelly, 

ProViva 

NextFoods 

Probi 

Bifidobacterium breve 

Yakult 
Bifiene Yakult 

Bifidobacterium infantis 

35624 
Align Procter & Gamble 

Bifidobacterium lactis 

HN019 (DR10) 

Howaru 

Bifido 
Danisco 

Lactobacillus casei F19 Cultura Arla Foods 

Source: (Gogineni, 2013) 

 

2.2 Probiotics for Poultry Nutrition 

Poultry is the cheapest source of animal protein in the 

world. However, the poultry meat significantly supply the 

demand for meat consumption in the world (Farrel, 2013). The 

demand for chicken meat increases with the increasing 

population of the world population, thus becoming the main 

source of meat for consumption. In practice, the use of 

probiotics as an alternative to AGP has produced many good 
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results. Probiotics can improve chicken growth (Lei et al., 2015, 

Alloui et al., 2012) and control or prevent enteric disease, such 

as salmonellosis, necrotic enteritis and coccidiosis (Tellez et al., 

2012; Jayaraman et al., 2013; Dalloul et al., 2003). 

Research and its application has been widely applied. 

Probiotics including the yeast form have been evaluated for 

their potential in improving performance in poultry 

commercial. In many cases, this growth rate improvement has 

relation to feed efficiency and consumption. However, by 

improving the digestibility of the feed, this has become one of 

the things that affect the performance of poultry. Otherwise, the 

difference in outcomes shown between treatment and non-

treatment was also influenced by the population and presence 

of microbes in GIT, which resulted in immune-modulation 

(Zhao et al., 2013). Several previous studies, shown in Table 2. 

Table 2. Probiotic effects on poultry performances 

Microbes 
Growth 

rate 

Feed 

Intake 
FCR References 

C. butyricium S NS NS Zhao et al, 2013 

B. coagulans NS NS S Zhou et al, 2010 

L. salivarus 

P. parvulus 
NS - - 

Biloni et al, 

2013 

E. faecium S - - Cao et al, 2013 

B. amyloliquefaciens S S S Lei et al, 2015 

 

2.3 Encapsulation  

Encapsulation is defined as a particle coating process 

such as solids, gases or liquids that are small by using the outer 

layer into small capsules. Through encapsulation techniques, 

the core matrix within the microcapsule will be protected from 
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environmental influences, so that it will be maintained and the 

core will be released only when conditions are met. 

Encapsulation can be applied to several areas of food industry, 

feed and medicine. In its development, encapsulation has 2 

main forms, namely microencapsules and nanocapsules. 

Essentially, encapsulation is a barrier technology, preventing 

ingredients from reacting prematurely with their environment 

or degrading during processing or storage (British Nutrition 

Foundation, 2001). The purpose of the encapsulation process is 

to improve viability, so it is not easy to experience obstacles 

when heading to the target organ (Ding and Shah, 2008). 

Within the encapsulation process, several important 

materials are needed as a core coating. Among them are sodium 

alginate, chitosan, starch, whey, and arabbic gum (Etchepare et 

al., 2015; Natsir, 2013). In addition, some of the methods often 

used in encapsulating probiotics were spray-drying, 

emulsification, freeze-drying or fluidized bed drying (Hermana 

et al., 2015; Chávarri et al., 2012).  

Figure 3. Encapsulated probiotic by emulsion 

technique (Chávarri et al., 2012) 
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The use of the difference in the coating polymer gives 

effect to the results obtained, the coating polymer must meet the 

main requirement to serve as a probiotic microcapsule. The 

requirement as encapsulation is to have high solubility in water, 

capable of forming emulsions, having low viscosity and being 

able to protect bioactive compounds in feedstuff (Gharsalloui et 

al., 2007). Several studies on the use of different types of 

polymers are reported in Table 3. 

Table 3. Encapsulation technique using different polymer 

Microorganism Polymer Source 

Lactobacillus gasseri 

Bifidobacterium 

bifidum 

Chitosan 
Chavarri et al., 

2010 

Lactobacillus casei 

Bifidobacterium lactis 

Resistant 

starch 

Homayouni et 

al., 2008 

Bifidobacterium 

animalis subsp. lactis 

Bb12 

Chitosan-

acryl-eze 

Liserre et al., 

2007 

B. lactis B1 

Lactobacillus 

aciophilus LAC4 

Pectin and 

casein 

Oliveira et al., 

2007 

Lactobacillus 

rhamnosus GG 

Whey protein-

maltodextrin; 

whey protein-

inulin 

Ying., 2012 
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The use of gum arab and whey, a non-hazardous 

biopolymer classified as generally known biopolymer (GRAS), 

is available abundantly in nature and both are commonly used 

in encapsulation research by complex co-protection methods. 

Based on the results of the study (Ismail et al., 2015) reported 

use of whey protein with gum arab (3: 1) has a better particle 

size compared with gum arab, whey or gum arabic mixture and 

whey (1: 1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Micrographs of microcapsules prepared from (A) 

gum arabic (GA); (B) whey protein isolate (WPI); (C) 

WPI+GA (1:1); (D) WPI+GA (3:1) (Ismail et al., 2015) 

 

Current encapsulation is also used as a probiotic 

coating to improve viability and is widely applied to test 

animals. the application of poultry is almost always done, 

because the combination of probiotic is able to show good 

performance, for external and internal performance. Several 

studies have reported that encapsulation can withstand low pH 

activity, high osmotic pressure and high oxygen levels, as well 

as acid encountered activity in GIT (Ayama et al., 2014). 
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2.4 Local Duck 

Mojosari local duck is native germ plasm of Indonesia. 

Mojosari duck comes from Mojosari sub-district, Mojokerto 

regency, East Jawa, it has unparalleled fur color with brown, 

black and white variation with black beak and leg, but Mojosari 

male duck that can be used as meat producer has 1 - 2 the curved 

tail feathers that distinguish the Mojosari female ducks 

(Windhyarti, 2012). Mojosari local duck is a duck which is as a 

producer of meat and eggs. In contrast to female ducks, male 

Mojosari ducks are used as meat producers in the fulfillment of 

duck meat consumption in Indonesia. Taxonomic Mojosari 

duck local showed below: 

Phylum  : Chordata  

Sub-Phylum  : Vertebrata  

Class   : Aves  

Super-Order  : Carinatae  

Order   : Anseriformes  

Family   : Anatidae  

Genus   : Anas  

Species : Anas platyrhynchos (mallard 

and domestik) 

The feed is one component which affecting production 

performance of local duck. Feed requirement among duck and 

another poultry were different. The nutritional needs of 

Mojosari local duck based on age differences are reported in 

Table 4 below. 
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Table 4. Nutrients requirement based on different ages of local 

duck 

Nutrient content 
Starter (0-8 

weeks) 

Grower (8-

22 weeks) 

Layer (>22 

weeks) 

Metabolizable 

(ME) (Kcal/kg) 
≥ 2700 ≥ 2600 ≥ 2650 

Water content (%) ≤ 14.0 ≤ 14.0 ≤ 14.0 

Crude protein (%) ≥ 18.0 ≥ 14.0 ≥ 15.0 

Ether Extract (%) ≤ 7.0 ≤ 7.0 ≤ 7.0 

Crude Fiber (%) ≤ 7.0 ≤ 8.0 ≤ 8.0 

Calcium  (Ca) (%) 0.90 – 1.20 0.90 – 1.20 3.00 – 4.00 

Phosporous (P) (%) 0.60 – 1.00 0.60 – 1.00 0.60 – 1.00 

Aflatoxin Total 

(µg/ kg) 
≤ 20.00 ≤ 20.00 ≤ 20.00 

Amino acid:    

-Lysine (%) ≥ 0.90 ≥ 0.65 ≥ 0.35 

-Methionine (%) ≥ 0.40 ≥ 0.30 ≥ 0.80 

-Methionine+ 

Cystine (%) 
≥. 0.60 ≥. 0.50 ≥. 0.60 

Source: (SNI, 2006) 
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2.5 Small Intestine Morphometric 

 Morphometry is defined as the measurement of 

morphological body/ form/ on animal/ plants and others living 

cells. The morphometry of the small intestine in some types of 

poultry was different. For example, villi in the small intestine 

of broiler chickens have more number and length than villi 

small intestine at local ducks. This is because the level of 

efficiency and ratio of feed consumption in broiler is very high 

compared to local ducks. In this case, Ibrahim (2008); Sugito 

(2007) were reported that the absorption of nutrients in the 

small intestine is influenced by several things, such as the 

number of villi, area and height of villi, epithel cell surface area 

and villi morphometry (length and area) the small intestine like 

the duodenum, jejunum and ileum. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Morphometric Measurements Consist of (a) Villus 

Height; (b) Crypt Depth; (c) Villus Basal Width; (d) Apparent 

Villus Surface (Iji et al., 2001) 

Villi of small intestine in local duck describes the area 

for absorption of nutrients. Villi is a small organ part such as 

tail collection that found in mucous membranes, 0.5 to 1.5 mm 
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in length and only found in the small intestine. Villi plays a role 

in the absorption of nutrients, so one of the parameters used to 

measure the quality of growth is the structure intestinal 

morphology (Wang et al., 2009). This is reinforced by the 

opinion of Siagian (2016) that villi serves to expand the surface 

of the small intestine that affects the process of food absorption. 

The length of the villi was defined as the size of the villi from 

the surface of the crypto to the apparent villus surface, and then 

the width of the villi was defined as the length of the villi from 

the right side to the left side consisting of basal and apparent (Iji 

et al., 2001). Meanwhile, the depth of crypth defined as the 

length of crypth from the basal villi to the crypth. An increase 

in crypt depth is indicative of an increased rate of enterocyte 

production and migration up the villi. 

 


