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Abstract. Indonesia is considered as one the major chicken domestication centers in 
the world due to distinctive characteristics of chickens in this country compared to 
those in Asia and other countries in the world. Based on molecular studies, Red 
Junglefowl (Gallus gallus) is strongly presumed as the ancestor of the of Indonesian 
native chicken (INC). Through domestication processes, now, there are at least 30 
different clumps of INC, which can be grouped into identifiable clumps with specific 
characteristics (colour, sound, etc, such as Pelung, Kedu, etc), and the non-identifiable 
clump with no specific characteristic, and usually called Kampung chicken. Kampung 
chicken clump represent the highest population among local chickens, and most of 
them are raised under an extensive traditional system. They are having very high 
genetic variation and diverse physical appearances (body size, colour, sound), and the 
most of them has not been modified gentically. Compared with exotic commercial 
breed, both broiler or layer, Kampung chicken has lower in production and 
reproduction, very slower growth rate and poorer feed efficiency. However, from 
market point of view, Kampung chicken products have better prices and consumer 
preferences. This market condition is certainly an opportunity to fill and to develop 
market of Kampung chicken. Additionally, this condition also motivates the farmers 
improving Kampung chicken production as their livelihood. As an approach, Early 
Nutrition Programming (ENP) may be a complementary of various previous efforts 
carried out to improve the performance of Kampung chicken. The program is a mean 
to provide specific additional nutrients earlier to the developing embryo in the 
incubation period (in ovo feeding – IOF program), which then continued after 
hatching (Post-hatch feeding - PHF program) with neonate nutrition in the perinatal 
period (a week before to a week after hatching). In the modern broiler industry, the 
application of ENP has been widely implemented and reported that the program 
resulted in achieving market weight quicker than before. However, information about 
application of ENP in Kampung chicken is still scarce. The early nutrition programing 
(ENP) can be implemented for improving the performance of INC – Kampung 
chicken with some considerations. From scientific point of view, ENP can be fully 
conducted.The ENP has much potential to yield several advantages, among them 
reduced post-hatch mortality and morbidity; greater efficiency of feed nutrient 
utilization at an early age; improved immune response to enteric antigens, and 
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increasing production performance as a whole. From technical point of view, 
consideration should be done during embryonal period, particularly for the treatment 
of IOF (injected solution : diluted nutrient, osmotic pressure, time, site); During 
perinatal period, earlier acces to external feed will help the new hatched chicken to 
improve the overall performance of Kampung chicken. 

1. Introduction 
Visually, the general understanding of native chickens is the name given to all local chickens, without 
any characteristics and specific location, and used as meat, egg producers, and for saving (multi-
purposes). In line with this understanding, revealed that Indonesian local chickens [1] have a lot of 
diversity with different morphological characteristiscs, and so far at least 30 clumps have been 
identified. Furthermore, the results, of collaborative research between the Indonesia Institute of 
Sciences (LIPI) and the International Livestock Research Institute (ILRI) in Nairobi concluded that 
this diversity seems to be related to the fact that Indonesia is one of centers of chicken domestication 
in the world [2]. 

Besides as meat or egg producers, local chickens are also used for their beauty of crowing sounds 
(such as Pelung chicken – West Java, Ayam Ketawa – South Sulawesi, Bekisar chicken – Madura, 
Gaok chiken – Madura), for offering in traditional events (such as chickens from Temanggung – Kedu 
Cemani – Kedu Hitam chiken and Kedu Putih chicken, for ornamental chickens because of the beauty 
of their color (a such as pearl chicken), and fighting chickens -Bali.                                                                                   

The above description provides a clue attributing with the presence of genetic diversity in these 
local chickens, and it should be seen as a wealth of germ-plasma that needs to be maintained; so any 
efforts to increase the productivity of local chicken, do not avoid conserve efforts. 

The development understanding of the community about knowledge of nutrition (nutrition 
literacy), the purchasing power of nutrition (capable of nutrition) and awareness of nutrition (nutrition 
awareness), local chicken has the potencial economic value that cannot be ignored. At a lower 
productivity level compared to exotic breed, small-medium scale of local chicken farming continues to 
grow. This matter certainly reflects the gap between market needs and production supplies. However, 
even though the supply of exotic chicken breed products (meat and eggs) on the market is abundant, it 
does not mean that the preference level of the community for the products of the exotic breed is higher 
than local chickens; This can be seen form higher price appreciation than the price of the products of 
the exotic breed chicken. This situation, on the other hand, is an opportunity to increase the market 
prospects for the local chicken products, and at the same time become a common challenge for all 
stakeholders of local chicken farms to develop it in the future. 

Based on the description above and some results of the study, local chicken as Indonesia’s original 
genetic resources needs to be preserved, sustained and developed to realize the independence of the 
provision of food sources of national animal protein that has been aspired, and following PP, number 
68 of 2012 concerning the importance of independence provision of food based on local resources. 

Many efforts has been done by experts from universities, government, and private research 
institutes and practioners and breeders to increase the productivity of native chicken, including though 
selection and crossing, biosecurity, feed, and management approaches. The results of these studies 
generally have a positive impact on improving the productivity of native chickens. 

As an alternative approach discussed on this occasion, titled: Early Nutrition Programing, an 
approach to improve the performance of Indonsian Native Chicken (INC) - Kampung chicken. 

2. Indonesian Native Chicken (INC) 
Indonesia is considered as of of the major chicken domestication centers in the world due to distintive 
characteristics of chickens in this country compared to those in Asia and other countries in the world 
[3,4] There are so many varieties of native chicken or Local chicken and named as ‘Ayam Buras’ or 
Ayam Bukan Ras. The term ‘Ayam Buras’ is given to differentiate from the exotic commercial breed 
resulted from a systematically crossbreeding program. In general, there are 2 groups of the local 
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chicken clump, namely identifiable and non-idnetifiable (Directorate General of Livestock Services 
2003) The identifiable clump is to descript chicken which usually having the specific characteristic 
(primarily specific plumage color, sound, etc while non-identifiable clump is local chickens with no 
specific phenotypical characteristics [3,5], such as Kampung chicken. The Kampung chicken clump is 
believed to be the most common and represents the highest population among local chickens [5,6]. In 
the contrary, descript chicken such as Pelung chicken is considered local to a certain area and their 
population is low [6]. 

Two theories are explaining the origins of Indonesian native chicken. The first explains that native 
chicken originated from one ancestor (monophyletic origin) of red jungle fowl. The second explains 
that Indonesia native chicken comes from several ancestors (polyphyletic origin) [7] Historically, it is 
indicated that Indonesia native chicken is the result of domestication of four wild chicken species: 
green wild chicken (Gallus varius), red wild chicken (Gallus gallus), Indian grey wild chicken (Gallus 
Sonetratti) and Ceylon orange wild chicken (Galus lavayetti) [6]. It is also claimed that Indonesia is 
one of the main centers of chicken domestication in the world [8] 

At the beginning of the poultry industry in Indonesia until the end of 1970, there was no exotic 
commercial breed of poultry entering the country. Therefore, local chicken is the main source of 
poultry meat and egg, which then dominated the market. However, since 1979 the government start 
importing some exotic commercial breeds of broiler and layer for accelerating and fulfilling the 
requirement of human nutrition, as local chicken has a very lower ability to produce meat and egg 
compared to that of the exotic breed. 

In 2019, the estimated total population of local chicken was about 312 million, an increased 9.3 % 
of 2015, which were mostly (80%) raised under extensive of traditional systems. Several of them 
genetically improved for the commercial commodity [9]. According to Livestock and Animal Health 
Statistic [10]  local chicken has been contributing to national poultry meat production for about 7,51% 
or about 298,08 tons, and it was only about 11.7% meat produced by exotic breed. 

This situation certainly reflects a gap between market needs and the supply of its products. 
Additionaly, even though the supply of exotic chicken products (meat and eggs) on the market is 
abundant to meet the needs of the community, it does not mean that the preference level of the 
community on exotic breed products is higher than local chickens. This matter can be seen from the 
appreciation of the consumers on the price per unit of the product, which is higher than the exotic 
chicken product. This situation is certainly an opportunity to fill and to develop the market of the local 
chicken product, and at the same time, there is a common challenge for all local chicken farm holders 
to develop in the incoming days. 

In general, local chicken are having very high genetic variation and diverse physical appearances 
such as color, size, sound, production, and reproduction ability. Most of the local chickens have not 
been modified genetically. They are raised under an extensive- traditional system, in where they are 
free to scavenge for their feed around farmer’s house during the day. Almost all of the local chicken 
clump is very low in production and reproduction. They grow very slowly and have a poor feed 
efficiency. For instance, the egg production under an extensive traditional system is only 45 
eggs/bird/year or equivalent to 12.5% per day. By improving the management of semi-intensive 
systems, egg production is around 18.4% hen day and with the intensive system on battery cage, egg 
production could reach 34.8% hen day. This is too far away compared with a genetically modified 
strain like Isa Brown which has hen day production above 80%. They usually laid 10-20 eggs per 
period with the interval between egg productions approximately around 14-30 days.  

Starting from a simple think that livestock production is the result of interaction between its genetic 
potential and the environment, with respective contributions presumed of 30 and 70%. In relation to 
the title of this article, it is beginning with the fertile egg – embryo development – up to post-hatch 
performance (producer of egg or meet), are directly and indirectly interacting with their micro and 
macro environments. 

A lot of investigation on various aspects have been conducted to improve the productivity of 
Kampung chicken involving many experts from universities, government, and private research 



The 3rd International Conference of Animal Science and Technology
IOP Conf. Series: Earth and Environmental Science 788 (2021) 012084

IOP Publishing
doi:10.1088/1755-1315/788/1/012084

4

institutes and practitioners, and poultry breeders through selection and cross-breeding programs, 
biosecurity, feed, and management approaches. In general, the results indicated a positive impact on 
improving the productivity of local chicken. Moreover, results of intensive selection and cross-
breeding program indicated that some local chickens have been genetically improved their 
performances and commercially developed for meat and egg producers. Some of them are known as 
KUB, Sentul, and IPB-D1 chicken [11]. 

Cross-breeding programs have been used for improving the productivity of local chickens. This 
approach has produced significantly higher productivity, but has resulted in a loss or dilution of the 
local indigenous chicken characteristics and instinct for broodiness. 

In commercial chicken breeds, genetic selection programs has been conducted for almost a century 
by poultry breeders, and have been very successful in producing specialized egg-laying and fast-
growing breeds that far exceed the production of their wild ancestors [12]. Moreover, higher body 
weight achieved in a shorter time, in addition to less feed consumed per kg of body weight gain. These 
intense genetic selection programs resulted in an increase the performance of the important production 
trait of broiler. 

However, the selection of production traits in broilers has been accompanied by negative 
consequences on some physiological aspects. These negative consequences are mainly due to the 
faster growth rate, and the tremendous increase in body mass without parallel improvements in the 
internal organs, vascular system, and skeleton to support such a rapidly growing and large body mass. 
A number of adverse complications are including ascites, fatness, leg deformity, skeletal 
abnormalities, immune-suppression, metabolic disorders, reproduction problems, immune-
suppression, metabolic disorders, reproduction problems, and increased susceptibility to infectious 
diseases. 

Even though the production performance of Kampung chickens as meat or egg producers has not 
been able yet to compete with the performance of commercial breeds, there are several advantages of 
specific attributes of Kampung chickens, such as resistance to disease, consumer preferences on meat 
and egg of Kampung chicken, less body fat, the ability to live on a traditional farming system. These 
advantages are the basic reasons for the efforts to improve the production performance of Kampung 
chicken, in addition to maintain Kampung chicken as one of Indonesia germplasm. 

3. Early nutrition programing 
Early nutrition programing is a mean to provide specific additional nutrients earlier to the developing 
embryo in the incubation period (in ovo feeding – IOF), which then continued after hatching with 
neonate nutrition in the perinatal period. The perinatal period (a week before to a week after hatching) 
is a transitional time in which the chicks undergo metabolic and physiological shifts from the 
utilization of egg nutrients to exogenous feed. Apparently, the embryonal and perinatal period are 
critical times to achieve the first objectives of the program which is to maximize the genetic potentials 
carried in the genome of the chicken through the mechanism of epigenetic. 

Our knowledge about early nutrition programing is mostly attributed to the effect of nutrition on 
gene expression and it has been proved animal models; many examples of which can be found in the 
overview of the mechanism by which nutrients interact with the molecular target to modify gene 
expression. In poultry, nutrients deposited into the egg by the hen are the only source of nutrients 
available to the embryo, and this may be the last direct means by which the hen may transfer an 
epigenetic message to its offspring. A means to manipulate the nutrients deposited in the egg, beyond 
those which can be changed through maternal nutrition, is to inject nutrients into the egg at an 
appropriate time when the embryo is at the most sensitive time to epigenetic regulation. This timing 
could not be fully elucidated yet and may differ for a different system or target. 

In chickens, there is an indication that conditioning in early-life imparts long-term effects. 
Although little is known about the underlying molecular mechanisms, there is evidence that feed stress 
may alter gene expression, in part through epigenetic regulation [13] Epigenetics can explain how 
gene expression might be changed and stably maintained without affecting the sequence of DNA or 
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genome. Moreover, epigenetic marks could be transmitted to subsequent generations and influence 
offspring traits that occur either via epigenetic changes acquired during embryonic development or 
through the inheritance of epigenetic marks via the gametes. 

The second objective is on the establishment and development of a healthy and mature GIT and its 
microbiome. It has been recognized for its critical role in the overall health and growth performance of 
chicken, and understanding of its development may lead to interventions to improve chicken nutrition, 
disease resistance, and welfare. 

The development of the GIT occurs throughout incubation. Morphological, cellular and molecular 
changes occur in the small intestine towards the end of incubation. During the last days of incubation, 
intestinal weight relative to embryonic weight increases from 1.4% at 17 days of incubation to 3.4% at 
hatch [14], At the time of hatch, the GI tract of the chick is typically sterile and the establishment of 
the bacterial populations occurs post-hatch, the number as well as diversity of these bacteria increase 
with age and remain relatively stable therafter [15].  

3.1.  In ovo feeding (IOF) program – concepts and constraints 
What is the importance of this program?, Prenatal nutrition is crucial for embryonic development and 
neonatal growth, and has the potential to be a main determinant of life-long health and performance. It 
may be a complementary approach to the numerous approaches as mentioned previously. 

Application of IOF technique is to feed developing embryos with certain nutrient to overall 
improved growth performance including muscle cell proliferation before hatching. Among several 
advantages of application IOF are reduced post-hatch mortality and morbidity, greater efficiency of 
feed-nutrient utilization at an early age, improved immune response to enteric antigens, reduced 
incidence of developmental skeletal disorders, and increased muscle development and breast meat 
yield [16]. The use of the in ovo feeding technique in poultry was firstly reported several decades ago 
for vaccination against Marek’s disease; Currently, this technique has shown major developments. 

This technique has owned its advantages, shortcoming, and constraints. For example, having earlier 
immunity against disease with minimal interference from maternally-derived antibodies. By in ovo 
inoculation, the chick has the best possible start when hatches, and better disease resistance from the 
first day. However, there still exist some limitations to this technique. Economically, IOF is suitable 
only for large-volume and poultry industries. For this technique, it hard to make sure the exact site of 
injection, and due to the variable size of each embryo in eggs, it enhanced the damaged possibility 
when using in ovo injection machine. If operation by manual, it is also difficult to control the time, 
environment, and other conditions. The most essential points is there are no consistent results on the 
ideal time, site, and volume of in ovo injection. Different injection materials may have a specific 
optimal injection procedure. So, it is critical to evaluate the best IOF as regular procedures. 
Accordingly, there are several technical questions that need to be anwered for the application of IOF 
technique, namely: 

1) What kind of chicken expected produced by doing IOF? 
2) What nutrients, and how much volume can be in ovo fed without increasing metabolic load or 

causing toxicity to the embryo? 
3) What is the best time to inject (embryo age or stage of development)? 
4) Where IOF-nutrient solution will be injected? 
5) What is the best osmolality of the solution, so it will not harm for embryo balance? 
These questions attributed to the physical constraints of egg and metabolic constraints of the 

embryo must be answered. 
Many potential nutrients have been used as bioactive substances (carbohydrates, fatty acids, amino 

acids, minerals, vitamins, nanoparticles, prebiotics, probiotics or synbiotic, hormone) either for a 
specific or several functions in the in ovo solution. Some of these substances have been proved 
enhancing growth and post-hatch performance, reducing post-hatch mortality and morbidity; 
efficiency of feed-nutrient utilization – digestibility [17] increased immuned system development and 
function [18–20]. Some approved vaccines for the in ovo technique are those for Marek’s disease, 
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Newcastle disease, fowl pox, infectious bursal disease and coccidiosis [21]. Isotonic NaCl is 
commonly used to dilye the nutrient, in addition, sodium and chloride ions (Na+, Cl) play a major role 
in the activity of apical and basolateral transpoters in the absorption of glucose and amino acids [22]. 
In embryionic development, all amino acids are essential: the absence of any of them causes protein 
synthesis impairment and a disturbance of the homeostasis of the embryo, which in turn results in 
impaired growth and development of the young growing animals.  

There are five possible sites of in ovo injection: the air cell, the amniotic fluid, the allantoic 
membrane, the yolk sac, and albumen. However, the omniotic is considered as the most affective site 
for injection and directly influencing the developing embryo [23].  

Through the mechanism of epigenetic regulation, in ovo feeding stimulates intestinal development 
by enhancing villi, increasing intestinal capacity to digest and absorbs nutrients, and provides a basis 
for muscle growth. Immediate post-hatch access to feed is to initiate growth processes after first 
ingestion [24]. The enhanced growth caused by early feeding stimulates yolk utilization, increase 
intestinal development, and has longterm metabolic effects. 

3.2. The post-hatch feeding program 
The development of in ovo feeding technique applicataion has established a new scope of perinatal 
periode ( a week before hatching – a week after hatching) which is a critical period in the development 
of the chick embryo because of its high caloric demand to fuel hatching process and basal metabolism 
[25]. 

Several physiological systems are structrurally and functionally in transisition that require 
maturation during perinatal period, including the gastrointestinal tract (GIT), and immune systems 
[26]. Coinciding with this physiological transistions, the remaining residual yolk is metabolized and 
exogenous feed offered as a nutrient source.  

3.2.1. Gastro-Intestinal Tract (GIT) and its microbiome. Maturation of the GIT starts during the 
final stage of incubation, initiated by absorption of the amniotic fluid [27]. Maturation of the 
GIT in newly hatch chickens has been extensively reviewed [28,29] and is mainly by 
increased overall length and weight of GIT. 

As incubation progresses, embryonic small intestinal weight increases at a much greater rate than 
body weight increases from approximately 1% on d 17 of incubation to 3.5% at hatch [14]. In the 
posthatch period, the small intestine continues to increase in weight more rapidly than the rest of body 
mass. Increases in intestinal weight and length are not identical in the duodenum, jejenum, and ileum. 
Instestinal development after hatch is also rapid with respect tp enzymatic and absorptive [30]. The 
small intestine of the newly hatched chick is immature and undergoes morphological, biochemical, 
and molecular changes during the 2 wk posthatch, although the most dramatic changes occur within 
the first 24 h posthatch. 

During the first week of life, the changes are mainly due to villi development to increase the 
absorptive area of the GIT. Villi development is measured by greater villi length and increased villi 
density, resulting in a larger surface area available for absorption of nutrients provided through feed. 
The surface area of a single villi develops faster in the duodenum than in the jejenum and ileum [31]. 
During the first day after hatch, enterocytes, enterocttes within these villi slightly change their 
function, from absorption of macromolecules during incubation become absorption of dietary nutrients 
during the first day after hatch and thereafter [32]. This change function of enterocytes is already 
initiated during the final incubation stage, as demonstrated in turkey embryos [33]. By studying gene 
expressin patterns involved with enterocytes brush border enzyme and nutrient transporters activity, it 
was found that the digestive capacity at hatch is limited to relatively simple molecules, such as small 
peptides and mono – and disaccharides. 

A further developing of small intestine by means of increasing its length, villi number and size may 
be associated with increasing nutrient absorption because of an increased absorption surface and a 
longer transit time [34]. The rapid development of the GIT relative to other organ systems in the first 
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week of life suggests that a large portion of the retained energy and protein at this age is allocated for 
intestinal development. 

3.2.2.Microbiome. The gastrointestinal tract (GIT) of chickens is home for a complex and dynamic of 
microbial communities or microbiomes, which are crucial and essential for the gut homeostasis and 
maintaining the health of the host by modulating several physiological function, including digestion, 
absorpsion and metabolism, and interact with the gut-associated immune system, detoxification [35–
37]. The microbial communities within the intestinal tract play a significant role in the overall health 
and digestion in avian species. Evidence indicates that bacteria may increase the digestibility of the 
diet, which may increase dietary bioavailability to the host and could lead to better skeletal-muscular 
accretion. Additionally, the stability of the microbiome can impact the immune response as well as be 
exploited by some pathogens. 

At the time of hatch, the GI tract of the chick is typically sterile and the establishment of the 
microbial populations occurs post-hatc, the number as well as diversity of the population increase with 
age and remain relatively stable thereafter [15]. In early life, the chicken GITmicrobiome is most 
susceptible to interventions and it refers to the observation that pathogens are less successful in 
colonizing the chicken GIT when their native microbiomes are more diverse, later in life. 

Evidence indicates that bacteria may increase the digestibility of the diet, which may increase 
dietary bioavailability to the host and coud lead to better skeletal-muscular accretion. Additionally, the 
stability of the microbiome can impact the immune response as well as be exploited by some 
pathogens. 

The GIT microbiome is a mixture of bacteria, fungi, protozoa, yeasts, and viruses, but bacteria are 
the predominant microorganisms [38–40]. Dynamic ecosystems exist within the different segments of 
the gut, each one having distinct luminal and mucosal niches, which are affected by the flow of 
nutrients from the diet, secretions from the host and the systemic responses of the host (animal) 
dictated by its immune, endocrine and nervous systems [41–43].  Briefly, all microbiota is the GI tract 
interact with each other as well as with the host, influencing many physiological functions within the 
host. 

An individual chicken may be composed by 200 to 350 different bacterial species [44] while 
around 640 bacterial species from more than 100 bacterial genera have so far been identified in the 
chicken gastrointestinal tract [37]. Studies on broiler chicken indicated that results regardless of age or 
section of the intestinal tract, the most abundant phylum in chicken, namely Firmicutes is the most 
predominant (70%), followed by Bacteroidetes (12.3%), Proteobacteria (9.3%) [45]. 

Despite their differences in digestive function, there appears to be little difference in micrbiome 
composition between the three small intestinal compartments, although the density of the microbiota is 
lower in the proximal small intestine compared to the ileum [46]. 

3.2.3. Immune system. Basically, chickens have two types of immune system to counter infectious 
agents, namely, innate (non-specific) immunity and adaptive immunity (specific immunity). The first 
immunological defence of newly hatch chicken mainly depend on their innate immune system of the 
material antibodies deposited by the hen into the egg [47,48]. 
Non-specific immunity comprises of cellular components (macrophages, dendritic cells, heterophils, 
etc), and the physical and chemical barriers as an alternative complement pathway to prevent invation, 
by means of developing a sufficient mucus layer and developing epithelial cell of morphologically 
mature intestinal tract [49]. 

Although the innate immune system is functional at the time of hatch, its development continues 
during the first days after hatch. Goblet cells within the GIT begin to produce mucin during the final 
stage (> 18 d) of incubation [14]), functioning as a protective layer against pathogens within the 
intestine. Within two days after hatch, the intestinal tract is populated by matured heterophilis, 
protecting the intestinal tract through secretion of antibacterial B-defensins [47]. 
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Specific immunity is made up of two parts, namely humoral immunity and cellular immunity; 
Humoral immunity is characterized by an adaptive function of the immune system, which produces 
antibodies in response to an antigen. Cellular immunity invoves mechanisms mediated by cells 
infected with foreign agents such as viruses are destroyed directly by an effector in contact with the 
target cell. The cellular components of specific immunity are lymphocytes. Chicken lymphocytes 
consist of B cells, which develop in the bursa of Fabricus, and the T cells in the thymus. Both, the B 
and T cell and T cell has a homogenous set of antigen receptors specific for a given antigen [50]. 
These both lymphoid organs are considered as the primary lymphoid organ, and functional immune 
cells leave the primary lymphoid organs to fill the secondary lymphoid organs [51]. 

The Bursa of Fabricus (a site of B-lymphocyte development and differentiation) and the thymus (a 
site of T-lymphocyte development and differentiation) are considered to be primary lymphoid organs 
of functional immune cells leave the primary lymphoid organs and populate secondary lymphoid 
organs. 

The secondary lymphoid organs, characterized by aggregates of lymphocytes and antigen-
presenting cells, are scattered throughout the body. Spleen, bone marrow, bronchial-associated 
(BALT), and gut- associated (GALT) lymphoid tissues, lymph nodules and lymph nodes along with 
the lymphatic circulatory system that transport lymph fluid throughout the body are the examples of 
secondary lymphoid organs. In chickens, GALT includes the bursa of Fabricus, cecal tonsils, Peyer’s 
patches and lymphoid aggregates in the urodeum and proctodeum [52,53]. 

Approximately 70% of the body’s immune system is found in the digestive tract of chickens, the 
gut associated lymphoid tissue (GALT). One of the key stimulators of intestinal development in the 
chick is physical exposure to feed, while feed deprivation delays the onset of gut development [31,53]. 

Within two days after hatch, the GIT is populated by matured heterophils, protecting the intestinal 
tract through secretion of antibacterial B-defensins [47]. This excretion compensates a lack of 
secretion of defensins from enterocytes within the gut epithelium at that age. The immune system in 
GALT initites its function after the first two weeks of life: firstly by cellular responses followed by 
humoral responses [54]. Additionally, B-cells, part of the acquired immune response and responsible 
for antibody production, start to colonize the small intestine from 4 d of age ownwards, but they only 
become functional at approximately 2 weeks of age [54]. 

A study on the broiler chicken indicated that as a compensation for this immature immunological 
development during the first two weeks of age, chicken has to depend on maternal antibody 
protection, which is primarily of IgY, and in limited amounts of IgM and IgA [48]. These maternal 
antibodies will disappear within 2-3 weeks of age [55,56]. 

The time period during which maternal immune-globulins decline and the owned immune system 
is still developing may cause a potential gap in immune protectiveness that puts young chickens at 
risk. 

4. Applying early nutrition programing on INC  
Information about the application of early nutrition programing on Kampung chicken is still scarce. 
For INC, early nutrition programing is apperently an alternative approach of providing the required 
nutrients for both the developing embryo (in ovo feeding), which then continued immediately after 
hatch in the perinatal period. As mentioned previously, the first objective of the program is to 
maximize the genetic potentials carried in the genome of kampung chicken through the mechanism of 
epigenetic, and the second is to establish and to develop a healthy and mature GIT and its microbiome 
structurally and functionally. This is considered because of its critical role in the overall health and 
growth performance of Kampung chicken, and understanding of its development may lead on 
improving nutrition based on local resources, disease resistance, and welfare. 

In ovo feeding appears to be an earlier feeding of developing embryos to improve nutritional status 
of newly hatched chicks in the perinatal period. Several advantages of IOF are including 
improvements of total digestive tract capacity, increased body weight, growth rate, and feed 
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efficiency; reduction of post-hatch mortality and morbidity; improvements in the immune system and 
the response to enteric antigent, and increase in muscle development and breast meat yield [57]. 

The perinatal period beginning from few days before hatching to few days post-hatching is an 
important period for the development of the gastrointestinal tract (GIT) and the immune system. 
Perinatal period is also very critical as the chicks must adjust to the nature of the changing nutrition 
mostly from yolk-based lipid diet to carbohydrate-based solid feed. It has been observed that chicks 
are more efficient in utilizing lipid after hatching and then gradually obtaining the capacity to absorb 
more hexoses and amino acids [58,59]. This is transition between utilization of the reserve nutrient of 
the embryo and the external feed provided. This also great relevance and complements the results of 
in-ovo feeding. 

Early post-hatch feeding is essential not only for faster growth and development of the digestive 
system, including pancreatic enzyme secretion (trypsin, chymotrypsin, amylase and lipase) than those 
the rest parts of the body, but also for maintaining homesostasis. Early feeding of chicks should easily 
provide available energy to assist restoring hepatic glycogen stores and maintain high body 
temperature during initial post-hatch days [60]. Feeding chicks immediately after hatch have an effect 
on their performance throughout the entire performance. This is also great relevance and complements 
the results of in-ovo feeding. In general, it is considered that chicks are able to survive on yolk sac 
reserve for up to 72 hours after hatch [61]. However, whilst the yolk sac reserves may guarantee 
survival, the absence of feeding during the first hours (or days) of life negatively affects the growth 
and productive performance of chickens. For broiler, pre-starter diet is designed with high nutrient and 
energy values using digestible protein sources by means of supplementation of various additives. 

The following are various studies in broiler chickens about the effect of feed composition during 
the first week of life on short and long term growth and development of each ingredient: individual 
ingredients , protein levels and sources [28,62], minerals [63,64], cellulose [65], and macro nutrient 
ratios [63]. Although some studies have looked into the effect of increasing dietary fat levels in the pre 
starter diet, however, in young broiler chickens the effects are considered undesireable due to their low 
digestibility compared to starch [60,65]. Additionally, there is an increase of feeding prebiotics, 
probiotics and symbiotic to both the embryo (in ovo feeding) [64,66], and newly hatched chicken 
[67,68]  

Substantial attention has been given to the importance of protein level and quality in relation to 
intestinal development [28]. In general, deficiencies of essential amino acids or imbalances of the 
amino acid profile may result in impaired intestinal development from 0 to 7 d of age, by means of 
reduced villi height and overall intestinal weight. On the contrary, an increase of the overall amino 
acid inclusion levels in feed provided from 0 to 14 d of age resulted in an increased duodenum weight 
at approximately 7 d of age [69]. There are various potential high digestible protein used and 
supplemented in the pre-starter diet, including casein and gluten [70], egg powder [71].  

5. Conclusion 
Briefly, it can be concluded that the early nutrition programing (ENP) for improving production 
performance of INC – Kampung chicken can be applied with some considerations. From scintific 
point of view, ENP can be fully conducted.The ENP has much potential to yield several advantages, 
among them reduced post-hatch mortality and morbidity; greater efficiency of feed nutrient utilization 
at an early age; improved immune response to enteric antigens, and increasing production 
performance as a whole. From technical point of view, consideration should be done during 
embryonal period, particularly for the treatment of IOF (injected solution : diluted nutrient, osmotic 
pressure, time, site); During perinatal period, earlier acces to external feed will help the new hatched 
chicken to improve  overall performance, including modulation intestinal development, stimulation of 
immune system, faster wight gain and final body weight.  

 



The 3rd International Conference of Animal Science and Technology
IOP Conf. Series: Earth and Environmental Science 788 (2021) 012084

IOP Publishing
doi:10.1088/1755-1315/788/1/012084

10

References 
[1] Nataamijaya A G 2010 Pengembangan potensi ayam lokal untuk menunjang peningkatan 

kesejahteraan petani J Litbang Pertan. 29 31–8 
[2] Muladno, Zein M S A and Sulandari S 2103 Mengentas Biodiversitas Fauna Nusantara Yang 

Tertindas AIPI Indonsian Acad. Sci. 35–53 
[3] Sartika T 2012 The availability of Indonesian native chicken genetic resources and its development 

strategy for establishing parent and grand parent stock Workshop Nasional Unggas Lokal. p pp 
15–23 

[4] Sulandari S R I, Zein M S A and Sartika T 2008 Molecular characterization of Indonesian 
indigenous chickens based on mitochondrial DNA displacement (D)-loop sequences HAYATI 
J. Biosci. 15 145–54 

[5] Sartika T, Duryadi D, Mansjoer S S and Gunawan B 2000 Keragaman genetik ayam Kampung 
berdasarkan analisis penanda daerah D-loop Mitokondria DNA JITV 5 

[6] Zein M S A and Sulandari S 2009 Investigasi asal usul ayam Indonesia menggunakan sekuens 
Hypervariable-1 D-loop DNA mitokondria J. Vet. 10 

[7] Crawford R D 1990 Origin and history of poultry species Poult. Breed. Genet. 1–41 
[8] Sulandari S and Zein M S A 2009 Analisis D-loop DNA Mitokondria untuk memposisikan Ayam 

Hutan Merah dalam domestikasi ayam di Indonesia Media Peternak. 32 
[9] Sartika T and Iskandar S 2008 Mengenal Plasma Nutfah Ayam Indonesia dan Pemanfaatannya 

Sukabumi KEPRAKS, Sukabumi 
[10] Agency C S 2019 Livestock and Animal Health Statistic 
[11] Al-Habib M F, Sumantri C, Murtini S, Gunawan A, Sartika T and Ulupi N 2020 Characteristics 

of immunocompetence in Indonesian chickens IOP Conference Series: Earth and 
Environmental Science vol 492 p 12097 

[12] Wolc A, Zhao H H, Arango J, Settar P, Fulton J E, O’sullivan N P, Preisinger R, Stricker C, 
Habier D, Fernando R L et al 2015 Response and inbreeding from a genomic selection 
experiment in layer chickens Genet. Sel. Evol. 47 1–12 

[13] Li J, Yuan J, Miao Z, Song Z, Yang Y, Tian W and Guo Y 2016 Effect of dietary nutrient density 
on small intestinal phosphate transport and bone mineralization of broilers during the growing 
period PLoS One 11 e0153859 

[14] Uni Z, Tako E, Gal-Garber O and Sklan D 2003 Morphological, molecular, and functional 
changes in the chicken small intestine of the late-term embryo Poult. Sci. 82 1747–54 

[15] Yegani M and Korver D R 2008 Factors affecting intestinal health in poultry Poult. Sci. 87 2052–
63 

[16] Jha R, Singh A K, Yadav S, Berrocoso J F D and Mishra B 2019 Early Nutrition Programming 
(in ovo and Post-hatch Feeding) as a Strategy to Modulate Gut Health of Poultry Front. Vet. 
Sci. 6 

[17] Liu S Y, Selle P H and Cowieson A J 2013 Strategies to enhance the performance of pigs and 
poultry on sorghum-based diets Anim. Feed Sci. Technol. 181 1–14 

[18] Sławińska A, Siwek M, Żylińska J, Bardowski J, Brzezińska J, Gulewicz K A, Nowak M, 
Urbanowski M, Płowiec A and Bednarczyk M 2014 Influence of synbiotics delivered in ovo on 
immune organs development and structure Folia Biol. 62 277–85 

[19] Płowiec A, Sławińska A, Siwek M Z and Bednarczyk M F 2015 Effect of in ovo administration 
of inulin and Lactococcus lactis on immune-related gene expression in broiler chickens Am. J. 
Vet. Res. 76 975–82 

[20] Madej J P and Bednarczyk M 2016 Effect of in ovo-delivered prebiotics and synbiotics on the 
morphology and specific immune cell composition in the gut-associated lymphoid tissue Poult. 
Sci. 95 19–29 

[21]  Peebles E D 2018 In ovo applications in poultry: a review Poult. Sci. 97 2322–38 
[22] Rahardja D P, Hakim M R, Yusuf M and Lestari V S 2019 Hatching and post-hatching 

performances of Indonesian native chicken eggs infused saline solution IOP Conference 



The 3rd International Conference of Animal Science and Technology
IOP Conf. Series: Earth and Environmental Science 788 (2021) 012084

IOP Publishing
doi:10.1088/1755-1315/788/1/012084

11

Series: Earth and Environmental Science vol 247 p 12014 
[23] Uni Z and Ferket PR 2003 Enhancement of development of oviparous species by in ovo feeding 

6,592,878 
[24] Noy Y and Uni Z 2010 Early nutritional strategies Worlds. Poult. Sci. J. 66 639–46 
[25] Ferket P 2014 The Potential of In Ovo Feeding and Perinatal Nutrition Eastern Nutrition 

Conference 
[26] Christensen V L 2009 Development during the first seven days post-hatching Avian Biol. Res. 2 

27–33 
[27] Moran Jr E T 1985 Digestion and absorption of carbohydrates in fowl and events through 

perinatal development J. Nutr. 115 665–74 
[28] Wijtten P J A, Langhout D J and Verstegen M W A 2012 Small intestine development in chicks 

after hatch and in pigs around the time of weaning and its relation with nutrition: A review 
Acta Agric. Scand. Sect. A--Animal Sci. 62 1–12 

[29] Lilburn M and Hutsko S 2015 Early intestinal growth and development in poultry Poult. Sci. 94 
[30] Sklan D 2001 Development of the digestive tract of poultry Worlds. Poult. Sci. J. 57 415–28 
[31] Geyra A, Uni Z and Sklan D 2001 Enterocyte dynamics and mucosal development in the 

posthatch chick Poult. Sci. 80 776–82 
[32] Moran Jr E T 2007 Nutrition of the developing embryo and hatchling Poult. Sci. 86 1043–9 
[33] De Oliveira J E, Uni Z and Ferket P R 2008 Important metabolic pathways in poultry embryos 

prior to hatch Worlds. Poult. Sci. J. 64 488–99 
[34]  Noy Y and Sklan D 1997 Posthatch development in poultry J. Appl. Poult. Res. 6 344–54 
[35] Borda D, Seifert J and Camarinha-Silva A 2018 Current Perspectives of the Chicken  

Gastrointestinal Tract and Its Microbiome Comput. Struct. Biotechnol. J. 16 
[36] Beauclercq S, Nadal-Desbarats L, Hennequet-Antier C, Gabriel I, Tesseraud S, Calenge F, Bihan-

Duval E and Grasteau S 2018 Relationships between digestive efficiency and metabolomic 
profiles of serum and intestinal contents in chickens Sci. Rep. 8 

[37] Richards-Rios P, Fothergill J, Bernardeau M and Wigley P 2020 Development of the ileal 
microbiota in three broiler breeds Front. Vet. Sci. 7 17 

[38] Gabriel I, Lessire M, Mallet S and Guillot J F 2006 Microflora of the digestive tract: critical 
factors and consequences for poultry Worlds. Poult. Sci. J. 62 499–511 

[39] Saengkerdsub S, Anderson R C, Wilkinson H H, Kim W-K, Nisbet D J and Ricke S C 2007 
Identification and quantification of methanogenic archaea in adult chicken ceca Appl. Environ. 
Microbiol. 73 353–6 

[40] Qu A, Brulc J M, Wilson M K, Law B F, Theoret J R, Joens L A, Konkel M E, Angly F, Dinsdale 
E A, Edwards R A et al 2008 Comparative metagenomics reveals host specific metavirulomes 
and horizontal gene transfer elements in the chicken cecum microbiome PLoS One 3 e2945 

[41] Thompson K L and Applegate T J 2006 Feed withdrawal alters small-intestinal morphology and 
mucus of broilers Poult. Sci. 85 1535–40 

[42] Korver D R 2012 Implications of changing immune function through nutrition in poultry Anim. 
Feed Sci. Technol. 173 54–64 

[43] Oviedo-Rondón E O, Hume M E, Hernández C and Clemente-Hernández S 2006 Intestinal 
microbial ecology of broilers vaccinated and challenged with mixed Eimeria species, and 
supplemented with essential oil blends Poult. Sci. 85 854–60 

[44] Sergeant M J, Constantinidou C, Cogan T A, Bedford M R, Penn C W and Pallen M J 2014 
Extensive microbial and functional diversity within the chicken cecal microbiome PLoS One 9 
e91941 

[45] Feye K M, Baxter M F A, Tellez-Isaias G, Kogut M H and Ricke S C 2020 Influential factors on 
the composition of the conventionally raised broiler gastrointestinal microbiomes Poult. Sci. 99 
653–9 

[46] Apajalahti J and Vienola K 2016 Interaction between chicken intestinal microbiota and protein 
digestion Anim. Feed Sci. Technol. 221 323–30 



The 3rd International Conference of Animal Science and Technology
IOP Conf. Series: Earth and Environmental Science 788 (2021) 012084

IOP Publishing
doi:10.1088/1755-1315/788/1/012084

12

[47] Bar-Shira E and Friedman A 2006 Development and adaptations of innate immunity in the 
gastrointestinal tract of the newly hatched chick Dev. Comp. Immunol. 30 930–41 

[48]  Hamal K R, Burgess S C, Pevzner I Y and Erf G F 2006 Maternal antibody transfer from dams to 
their egg yolks, egg whites, and chicks in meat lines of chickens Poult. Sci. 85 1364–72 

[49]  Birhan M 2019 Systematic review on avian immune systems J. Life Sci. Biomed 9 144–50 
[50]  Dibner J J, Knight C D, Kitchell M L, Atwell C A, Downs A C and Ivey F J 1998 Early feeding 

and development of the immune system in neonatal poultry J. Appl. Poult. Res. 7 425–36 
[51] Qureshi M A, Hussain I and Heggen C L 1998 Understanding immunology in disease 

development and control Poult. Sci. 77 1126–9 
[52]  Adhikari P A and Kim W K 2017 Overview of prebiotics and probiotics: focus on performance, 

gut health and immunity--a review Ann. Anim. Sci. 17 949–66 
[53] Al-Khalaifah H S 2018 Benefits of probiotics and/or prebiotics for antibiotic-reduced poultry 

Poult. Sci. 97 3807–15 
[54] Bar-Shira E, Sklan D and Friedman A 2003 Establishment of immune competence in the avian 

galt during the immediate post-hatch period Dev. Comp. Immunol. 27 147–57 
[55] Sahin O, Zhang Q, Meitzler J C, Harr B S, Morishita T Y and Mohan R 2001 Prevalence, 

antigenic specificity, and bactericidal activity of poultry anti-Campylobacter maternal 
antibodies Appl. Environ. Microbiol. 67 3951–7 

[56] Lammers A, Wieland W H, Kruijt L, Jansma A, Straetemans T, Schots A, den Hartog G and 
Parmentier H K 2010 Successive immunoglobulin and cytokine expression in the small 
intestine of juvenile chicken Dev. Comp. Immunol. 34 1254–62 

[57] El-Sabrout K, Ahmad S and El-Deek A 2019 The in ovo feeding technique as a recent aspect of 
poultry farming J. Anim. Heal. Prod 7 126–30 

[58] Noy Y and Sklan D 1999 Different types of early feeding and performance in chicks and poults J. 
Appl. Poult. Res. 8 16–24 

[59] Sklan D and Noy Y 2000 Hydrolysis and absorption in the small intestines of posthatch chicks 
Poult. Sci. 79 1306–1310 

[60] Van den Brand H, Molenaar R, van der Star I and Meijerhof R 2010 Early feeding affects 
resistance against cold exposure in young broiler chickens Poult. Sci. 89 716–20 

[61] Mitchell M A and Kettlewell P J 2009 Welfare of poultry during transport--a review Poultry 
Welfare Symposium pp 90–100 

[62] Everaert N, Swennen Q, Coustard S M, Willemsen H, Careghi C, Buyse J, Bruggeman V, 
Decuypere E and Tesseraud S 2010 The effect of the protein level in a pre-starter diet on the 
post-hatch performance and activation of ribosomal protein S6 kinase in muscle of neonatal 
broilers Br. J. Nutr. 103 206–11 

[63] Swennen Q, Everaert N, Debonne M, Verbaeys I, Careghi C, Tona K, Janssens G P J, Decuypere 
E, Bruggeman V and Buyse J 2010 Effect of macronutrient ratio of the pre-starter diet on 
broiler performance and intermediary metabolism J. Anim. Physiol. Anim. Nutr. (Berl). 94 
375–84 

[64] De Oliveira J E, der Hoeven-Hangoor E, de Linde I B, Montijn R C and der Vossen J 2014 In ovo 
inoculation of chicken embryos with probiotic bacteria and its effect on posthatch Salmonella 
susceptibility Poult. Sci. 93 818–29 

[65] Noy Y and Sklan D 2001 Yolk and exogenous feed utilization in the posthatch chick Poult. Sci. 
80 1490–5 

[66] Berrocoso J D, Kida R, Singh A K, Kim Y S and Jha R 2017 Effect of in ovo injection of 
raffinose on growth performance and gut health parameters of broiler chicken Poult. Sci. 96 
1573–80 

[67] Lowry V K, Farnell M B, Ferro P J, Swaggerty C L, Bahl A and Kogut M H 2005 Purified $β$-
glucan as an abiotic feed additive up-regulates the innate immune response in immature 
chickens against Salmonella enterica serovar Enteritidis Int. J. Food Microbiol. 98 309–18 

[68] Ao Z, Kocher A and Choct M 2012 Effects of dietary additives and early feeding on performance, 



The 3rd International Conference of Animal Science and Technology
IOP Conf. Series: Earth and Environmental Science 788 (2021) 012084

IOP Publishing
doi:10.1088/1755-1315/788/1/012084

13

gut development and immune status of broiler chickens challenged with Clostridium 
perfringens Asian-Australasian J. Anim. Sci. 25 541 

[69] Wijtten P J A, Hangoor E, Sparla J and Verstegen M W A 2010 Dietary amino acid levels and 
feed restriction affect small intestinal development, mortality, and weight gain of male broilers 
Poult. Sci. 89 1424–39 

[70] Tabeidian S A, Sadeghi G, Toghyani M and Habibian M 2016 Effect of feeding semi-moist diets 
and highly digestible carbohydrate and protein sources in the prestarter phase on performance 
of broiler chicks Anim. Prod. Sci. 56 1857–66 

[71] Esmailzadeh L, Shivazad M, Sadeghi A A and Karimitorshizi M 2016 Performance, intestinal 
morphology and microbiology of broiler chickens fed egg powder in the starter diet Brazilian 
J. Poult. Sci. 18 705–10 

 
 


