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The improvement in broiler chicken performance is currently thanks to the genetic
selection, nutrition, maintenance management, and health and biosecurity
programs that have succeeded in improving the maintenance performance of
broilers. Such rapid development in the cycle after hatching is undoubtedly also
influenced by the embryo's development or the prenatal phase. Unlike other
mammals, the process of breeding poultry has its characteristics where the process
of embryonic development occurs outside the body of livestock or inside poultry
eggs. Chicken embryos rely heavily on the nutrients inside the egg, which provide
the energy and amino acid makeup needed for the metabolic needs of the growing
embryo during the 21-day incubation process. Chicken embryos are susceptible to
a lack of energy during the hatching process. This deficiency can result in weak
embryos and, in more severe conditions, embryo death and failure to hatch. The
nutritional needs of embryos during incubation can be added to the egg with the in
ovo feeding technique. The in ovo feeding technique is a technique that allows the
addition of outside nutrients injected into the egg during incubation for the
developmental and metabolic needs of the embryo, as well as to improve the
nutritional status of the egg. Nutrition stimulation with in ovo feeding technique
produces many benefits, such as increasing hatchability, hatching weight,
immunity level, reduced bone system disorders, reduced morbidity and mortality
after hatching, feed efficiency and weight gain.

Jurnal Ternak (Animal Science Journal)
Faculty of Animal science - Lamongan Islamic University) with CC BY NC SA license.

1. Introduction

The development of the poultry industry, especially broilers, is very rapid compared to other

livestock sectors, in line with the increasing public need for affordable chicken meat. Various broiler
strains with fast-growing characteristics show performance improvements such as body weight
parameters of 3.30% per year, FCR (feed conversion ratio) parameters decreasing by 2.55% annually,
and maintenance life parameters that are getting shorter [1]. The improvement of broiler chicken
performance is the benefit of genetic selection, nutrition, maintenance management, and health and
biosecurity programs that have succeeded in improving the maintenance performance of broilers [2].
The shorter maintenance time of broilers until they reach weight according to consumer harvest
preferences with an age of 35-40 days of maintenance is equivalent to 70% of the age of the postnatal
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period or after hatching while the age of the prenatal or incubation period is about 30% or 21 days of
the entire commercial broiler production cycle. Such a rapid development in the cycle after hatching
or postnatal is certainly also influenced by the embryo's development or the prenatal phase. Unlike
other mammals, the process of breeding poultry has its characteristics where the process of embryonic
development occurs outside the body of livestock or inside poultry eggs. [3][4][5]

Eggs contain complete nutrients and energy for embryonic development needs. Chicken
embryos rely heavily on the nutrients in the egg, which provide the energy and amino acid makeup
needed for the metabolic needs of a growing embryo during the 21-day incubation process so; that the
egg must have a balanced nutritional composition and be sufficient for the metabolic needs of the
embryo [6][7].

The nutrients in chicken eggs largely depend on the nutritional conditions of the hen. The need
for nutrients in eggs is increasing with the rapid metabolism of broiler-strain egg embryos that have
been genetically improved. Chicken embryos are susceptible to energy shortages during the hatching
process, where this deficiency can result in weak embryos and, in more severe conditions, can result in
embryo death and failure to hatch [8][4][9].

The nutritional needs of embryos during incubation can be added to the egg with the in ovo
feeding technique. The in ovo feeding technique is a technique that allows the addition of nutrients
from the outside that are injected into the egg during incubation for the developmental and metabolic
needs of the embryo, as well as to improve the nutritional status of the egg. By injecting into the
amniotic layer, an additional solution along with the amniotic fluid can be taken orally by the embryo
before hatching, providing nutrients into the intestine of the embryo so that it can stimulate the
development of the intestine. In addition, the provision of exogenous nutrients at the embryonic stage
of development is so important that it can generate many advantages for post-hatching chickens, such
as improving the efficiency of nutrient utilization, immune response, muscle development, and
reducing mortality and post-hatching morbidity [10][10][10].

In ovo feeding was first introduced by the in ovo application used for vaccination against
Marek's disease on the 18th day of incubation. The results obtained a better level of immunity. The
application of [11] in ovo feeding technology until now has developed with various types of nutrients
used in eggs. This review article examines the potential for nutritional stimulation of in ovo feeding
technology in broilers.

2. State of the Art

One of the processes of growth and development of broiler chickens is influenced by the nutrients
contained in the eggs during the incubation period. The faster growth rate after hatching results in
more complete nutritional needs with the amount needed in the embryonic phase. The addition of
nutrients using the in ovo feeding technique has given good results in various parameters reported by
the researchers. In ovo feeding, the technique is expected to be one of the methods to increase the
productivity of broiler chickens.

2.1. Growth and Development of Chicken Embryos

Chicken eggs will hatch after 21 days of incubation by going through a series of embryonic
developments in a complex manner. The embryo is a multicellular diploid eukaryote that occurs
outside the mother's body in the earliest stages of development. During its development, the embryo
obtains food and protection from the egg’s contents through yolk, albumin, and egg cage.[12][13]

The embryonic development of chickens starts from fertilization, blastulation, gastrulation,
neurulation, and organogenesis. Fertilization is the combination of male sex cells and female sex cells
to form a zygote, which occurs through mitotic division. In the blastulation process, blastoderm is
formed where division occurs in the form of a blastomere mass that forms the basis of the prospective
chicken's body. The next stage is Gastrula which forms the gastrulation and the axis of the embryo so
that the embryo begins to grow elongated. Furthermore, at the Tubulation stage, the embryo occurs
neurulation, namely the formation of a neural roof or forerunner of the central nervous system. And at
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the last stage is organogenesis, the embryo develops from a primitive form into a definitive form that
has a specific form and likeness within a single species [14].

Embryonic development is divided into three phases, namely; in the first week, it begins with the
growth of embryos in the form of primitive stria and the formation of chorioallantoic membranes. In
the second week, the embryonic growth process in the form of various organs is getting more and
more perfect, as well as the exchange process of O2- CO2, the result of the chorioallantoic respiration
process and the last phase includes the accumulation of glycogen in the liver and muscle tissue, the
start of respiration in the lungs, the entry of the remaining yolk sac into the body, pipping and
hatching.[3]

Exterior factors and the egg's interior influence the embryo development process during
incubation. Exterior factors are influenced, such as temperature, humidity, ventilation, egg size, and
egg cage conditions [12]. Internal factors can be influenced by genetics or breed and egg nutrition
[9][14]. The very high rate of broiler growth and development also has negative impacts, such as the
occurrence of ascites, bone abnormalities, and decreased immune system [1]. This is likely to happen
because of differences in growth and development in the embryogenesis and post-hatching processes
Growth and development in the embryonic period greatly affect the post-hatching broiler growth and
development period where good organ growth, especially the digestive tract, will make the
absorption of nutrients more optimal. [16]

The digestive tract has a mucous lining of the small intestine, a highly functional epithelium
composed of absorptive. Sensory cells, which are constantly updated by a multipotent intestinal stem
cell (ISC) located inside the crypt that turns into functionary cells lining the intestinal villi in chicken
embryos (Gallus gallus), villi formation occurs on the 15th day of embryonic development or
incubation. At the same time, the crypt develops on day 21 (the day of hatching). The stimulation of
nutrients can enhance the development of this small intestine through [17][18] in ovo feeding [10]. At
the time of hatching, early feeding stimulates the completion of the maturation of the small intestine
through the expansion of the epithelium of crypt and villi, the mediation of cell proliferation and
differentiation, and the activation of nutrient transporters, digestive enzymes, and mucus secretions
[16].

2.2. In Ovo Feeding Technology

Early access to nutrients is fundamental in the early stages of growth and utilization of nutrients
by chicks. The rapid growth of body weight, the efficiency of feed utilization, and gaining marketable
weight early, this improvement in [3][19] prenatal development can be achieved by in ovo feeding.
Supplementation of macro- and micronutrients and probiotics also causes good results on hatchability
and disease resistance in chicks [20].

In ovo feeding is a technique of administering additional essential substances into the egg. The in
ovo feeding application was first used for vaccination against Marek's disease (MD) on the 18th day of
incubation and produced a better vaccine and effect. Previously, the Marek vaccination process was
carried out by manual injection through subcutaneous. Morevoer, after the success of the in ovo
technique for vaccination, Embrex Inc. produced the Inovoject R engine, which became the first
automatic machine introduced in the United States (Sharma & Burmester, 1982) [21].

Automatic in ovo injection machines until now are produced by various companies that
hatcheries use around the world. The results of using some automatic in ovo injection machines show
different results on hatching performance parameters, with consideration given to the age of the floc
breeder and the age of egg transfer. The advantages of automatic [22] in ovo injection include a faster
vaccination process and a more significant number of eggs, reduced labor costs, reduced human error
risk, and the immune system can be given from the beginning. The injection process in ovo is carried
out quickly due to the limited time during the transfer of eggs from the setter to the hatcher unit,
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which is carried out at an age between 17.50 and 19.20 incubation days or sometimes differs
depending on the type of hatching machine used [21] [23].

In ovo feeding injection can be done through the embryo directly and through other parts of the
egg such as yolk sac, albumin, amnion, allantois and chorion as well as air pockets so that the
nutrients given can be absorbed The position of the injection in ovo depends on the age of hatching or
embryo The egg to be injected[3], [23] in ovo feeding[24] at the beginning of hatching or the early
stage of embryo growth is given in the position of the yolk closest to the initial embryo while in the
late stage or age of 17-19 days the embryo can be given in the amniotic position [25] Next various
studies have been carried out with various types of natural nutrients such as amino acids,
carbohydrates, vitamins, probiotics, minerals that can support the development of embryos and
chickens post-hatching for an intensive [24]maintenance system The addition of nutrients in the
amnion through in ovo feeding in the embryonic period can accelerate intestinal development and
increase the ability of chickens to digest nutrients after hatching[20]

3. Method

The method used in compiling this review article is the literature study technique. Criteria in the form
of primary data include national and international journals in English That discuss the process of
growth and development and nutrition, which has an important role, and the application of in ovo
feeding techniques in the incubation process. The articles that have been collected are then selected by
looking at the collection of journal contents with review articles to be made.

Table 1. In Ovo Feeding with Different Types of Nutrients

Nutrition Types of Time The Effect of In Ovo Feeding Reference
Group Nutrition incubation
(day to)
Amino acids Arginine 18 - Increased hatching weight [27]
- Increased body weight at the
age of 42 days
Glutamine 17 - Stimulation of the small [17]

intestine of the embryo

- Increase the size of the small
intestine and the number and
size of intestinal villi

Leucine 14 and 19 - Increased Tolerance to heat in [28]
broilers

Methionine 18 - Longer intestinal [29]
morphometry

Threonine 18 - Morphological and functional [30]

improvement of the intestinal
mucosa

- Increased  performance  of
chicks when hatching and at
the age of 21 days post-
hatching.

Mineral Selenium 18 - Improvement of the humoral [31]

and cellular immune system

- Prevents oxidative stress

- Preventing the incidence of
necrotic enteritis disease

Combination of 17 - Increased concentration of Ca [32]
minerals (Fe,Zn, and P and Percentage of
Mn,Cu,Ca,P) chicken bone weight
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Zn 9 - Prevents oxidative processes in [33]
the heart of the embryo
Cu 18 Increases the Percentage of [34]
pectoral muscles
Vitamin Vitamin A 18 - Boosts the immune system [35]
Vitamin Cc 17 - Hatchability increases [36]
(Ascorbic Acid) - The development of leg [37]

muscles and the systemic
antioxidant capacity of broilers

at the age of 42 days.
Vitamin D3 18 - Weight gain [38]
- Increased Percentage of breast
meat
- Decrease in plasma
concentrations of glycoprotein
acid (AGP)
Vitamin E 18 - Improved hatchability and doc [39]
quality
- Improved physiological
response.
Vitamin K 18 - Performance improvements [40]
- Immune system enhancement
- Bone growth
Probiotics Lactobacillus 18 - Week 1 performance [41]
acidophilus, improvement
Lactobacillus casei, - As an immunomodulator of
Enterococcus immunity, gene expression
faecium, and
Bifidobacterium
bifidum
Enterococcus 17 A decrease in the number of [42]
faecium and Salmonella enteritidis in chicks
Bacillus subtilis, (immunity is getting better)
Carbohydrates ~ Carbohydrates 14,5 - Increased hatchability [43]

- Increased hatching weight
- Increased pectoralis muscle
size

4. Results and Discussion

The type of nutrition used for injection in ovo feeding has different roles and functions in the
growth and development of embryos [26]. Some types of nutrients have a specific influence on the
development of embryos in the hatching period so that they can produce performance and support
the desired genetic expansion. These functions such as for the process of catabolism and anabolism of
proteins, and energy sources, activation of the immune system and the development of the intestinal
mucosal area [5][10]

Based on various studies, it is shown that stimulation of nutrition in ovo feeding can improve the
performance of chickens in the prenatal and postnatal periods. However, various studies have also
shown different results, such as decreased hatchability due to the application of in ovo feeding
technology. Proper in ovo feeding application can result in better hatching performance and growth
of chickens after hatching. The success of the in ovo technique is influenced by sharing factors such as
the location and route of injection dose incubation age or embryo cleanliness of the premises,
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equipment, and preparation for the implementation of in ovo feeding [25][44][23][45][46][21]. In
addition to this, the type and volume of nutrient solvent liquid can also affect hatching performance
[6]. Too much solvent liquid will affect the level of moisture in the egg, which can cause embryo death
and hatching failure [24].

5. Conclusion

Nutrition stimulation with in ovo feeding technique produces many benefits such as increasing
hatchability, hatching weight, immunity level, reducing bone system disorders, reduced morbidity
and mortality after hatching, feed efficiency, and weight gain. This can provide an overview of the
importance of feeding earlier to optimize broiler performance and be more efficient. Although there
are differences in the results about the effectiveness of in ovo feeding applications in various other
studies, of course, this is an opportunity to improve the ability of in ovo feeding techniques to be
better with various nutritional potentials and other techniques.
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