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Abstract. The Big-6 turkey breed is becoming widespread in Ukraine, as it is known for its high
productivity and viability. To improve their housing and feeding technologies and methods of
preventing and treating gastrointestinal diseases, knowledge of the structure and functions of the
digestive system is required. In this regard, the purpose of this study consisted of investigating the
growth of the digestive tract organs of turkeys in the age aspect. Modern complex morphological
research methods were used: anatomical, organometric, and statistical, which established new
data on the features of topography and macromorphometric characteristics of the oesophagus,
stomach, and intestines of turkeys aged from 1 to 50 days. It has been proven that the oesophagus
of turkeys is a thin tube, which is divided by the crop into a long cervical and a slightly shorter
thoracic-abdominal part. The absolute weight of this organ increased from 1 to 50 days by 18
times, and its length — by 4.3 times. The crop is an extension of the oesophagus at the entrance
to the thoracolumbar cavity. Its morphometric parameters during the entire study period of the
bird increased by 4.1 times (length), 3.9 times (height), and 4.3 times (width). The stomach is a
significant extension of the anterior intestine and is divided into glandular and muscular parts.
The growth rates of the muscular part of the stomach are higher than that of the glandular one.
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The total absolute weight of the stomach of turkeys aged from 1 to 50 days increased by 13 times,
and its individual parts — by 15.7 (glandular) and 12.7 (muscular) times. The absolute weight of
the intestine for the entire study period of the bird increased by 8.7 times, and its total length - by
2.5 times. The results obtained on macroscopic indicators of the digestive tract organs of turkeys
in the age aspect allow analysing changes in growth indicators, which is an important aspect in
vaccination, prevention, and treatment of the digestive organs of poultry

Keywords: poultry; digestive apparatus; linear indicators; absolute weight; relative weight

Introduction

Due to the significant development of grain
farming in Ukraine as a leading industry in the
agricultural sector, there is an intensive growth
of industrial poultry farming and the market for
these products. Poultry farming enterprises and
poultry processing industry have significant ef-
ficiency, as in the domestic market they provide
the population with valuable meat products
and eggs, so they require constant attention
and scientific basis for studying this branch of
animal husbandry.

S. Yatsiv (2021) proved that one of the lead-
ing elements of intensive poultry farming is
breeding work to create and improve high-per-
formance breeds and crosses to produce hybrid
birds for industrial farms. Among them, the Big-
6 meat turkeys occupy a key position in terms of
demand. Thisbreed has excellent characteristics
of precocity, endurance, vitality, rapid weight
gain and size. The Big-6 turkey meat breed pro-
vides a record meat yield of about 80-85%. It
was developed by British breeders and is used
as a product in dietary nutrition. Turkey meat
has high taste indicators, it is tender and juicy,
with a low content of saturated fat compared to
meat of other types of poultry. Despite the meat
direction as the main focus of breeding, turkeys
of this breed also show satisfactory results in
egg production. Productive qualities also in-
clude plumage. Feathers and downs are high-
ly flexible and lightweight, which makes them
ideal for filling duvets, cushions, and outerwear.

Further development of poultry farming
with the use of Big-6 turkeys dictates the need
to improve the methods of their rational feed-
ing, more efficient use of feed, maintenance
and keeping, prevention and treatment of gas-
trointestinal diseases. For this purpose, accord-
ing to Z. Ahmed & T. Khalaf (2023) and H. Ali et
al. (2023), knowledge of the morphology and
physiology of the digestive organs of poultry in
the postnatal period of ontogenesis is required.

The digestive apparatus of birds, like mam-
mals, includes the digestive tract and digestive
glands (liver and pancreas). However, their dis-
tinctive feature, according to M. Maksoud et
al. (2022) is the ability to fly, which has left its
mark on the location and structure of internal
organs, including the digestive system. In ad-
dition, as noted by A. Skowronski & A. Butkie-
wicz (2024) and N. Dyshliuk et al. (2024), the
structure of the digestive apparatus of birds
depends on lifestyle and nutrition (herbivo-
rous, granivorous, insectivorous, piscivorous,
omnivorous, pollenivorous). The features of
the structure include the absence of teeth, lips,
cheeks, and gums, the presence of a crop in the
granivorous, or fusiform expansion of the oe-
sophagus in waterfowl, and a high rate of food
digestion, which is conditioned by the weak de-
velopment of the oral cavity and a significant
intensity of metabolic processes in the stom-
ach and intestines. In the course of evolution,
birds have developed a beak clothed in a horny
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covering, which is a continuation of toothless
jaws and is the beginning of the digestive ap-
paratus. E. Setiyono et al. (2021) noted that de-
pending on the feed used, it can have different
shapes and sizes.

Despite significant achievements, the in-
formation on this issue that is available in
scientific sources mainly concerns the most
characteristic features of the structure of the
digestive apparatus of birds without detailing
them and considering species, breed, sex, and
age characteristics. Ultimately, it is the age
morphology that establishes critical periods of
development of the body and individual organs,
which must be considered when carrying out
therapeutic and preventive measures. In this
regard, studies of the growth and development
of the digestive tube organs of Big-6 turkeys in
the age aspect are relevant. Therefore, the pur-
pose of the study was to establish the growth
rates of the oesophagus, stomach, and intes-
tines of Big-6 turkeys in the early stages of the
postnatal period of ontogenesis.

Literature Review

Poultry farming, as noted by T. Savchenko &
T. Savanchuk (2022), is an important compo-
nent of the food market in Ukraine, which has
experienced increased quarantine restrictions
due to the significant spread of COVID-19 and
is unfortunately in a state of full-scale war.
This branch of agricultural production, accord-
ing to O. Dyachenko (2020), is the most preco-
cious and cost-effective, which in a short peri-
od of time with low feed costs allows getting
high-quality products and providing the pop-
ulation with food-grade eggs and meat. S. Yat-
siv (2021) proved that these foods are the most
complete and affordable sources of protein.
The main tasks of this industry are the main-
tenance of poultry, its cultivation, compliance
with all feeding and breeding standards. The
increase in poultry productivity is influenced
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by the structural and functional state of all or-
gans, their systems and apparatuses. Among
them, as noted by A. Skowronski et al. (2024),
significant importance is given to the organs of
the digestive system and their age morphology.
Organometric studies of the digestive organs of
poultry, according to researchers, allow analys-
ing changes in growth indicators in the process
of their individual development.

A. Tybinka (2023) and I. Kolomak (2024)
pointed out that in the postnatal period of bird
ontogenesis, in its early stages, uneven growth
of the digestive tube organs occurs, which is
manifested by an increase in morphometric
indicators of their length, width and thickness,
shells and their layers. According to P. Pachau-
ri et al. (2024), it occurs most intensively in
geese, ducks, and broiler chickens in the first
14 days after hatching, whereas in older birds
growth is slowing significantly.

0. Troyanchuk (2012) reported that the
growth and development of the digestive tube
organs of Black Moscow chickens occurs asyn-
chronously, manifested by age-related and in-
dividual changes in structures. From the day-
old poultry to 180 days of age, the absolute
weight of the oesophagus increases unevenly
by 26.2 times, and that of the crop - by 15.5
times. Whereas this indicator and linear indi-
cators of the length, width of the glandular and
muscular parts of the stomach and duodenum
increase evenly during the development of
chickens. The relative weight of the digestive
tube organs decreases with age. L. Horalskyi &
V. Gatskivskyi (2009) conducted organometric
studies of the oesophagus of sexually mature
chickens of the Adler Silver breed and Bronze
turkeys. They found that the oesophagus of
chickens, unlike turkeys, has a shorter length
(1.25 times) and width (1.53 times). Y. Lykova &
L. Kharchenko (2023) investigated morphomet-
ric parameters of the digestive system of cer-
tain wild bird species. Researchers have shown
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that variations in the morphological features
of the digestive organs of birds have a certain
biological significance, as they reproduce the
specificity of the species’ response to environ-
mental conditions related to the ecology of nu-
trition and digestive activity.

A. Skowronski et al. (2024) investigated oe-
sophageal and gastric morphogenesis in hens
of Chever 579 egg-bearing cross. They found
that the most intensive development of the oe-
sophagus, crop, and stomach of poultry is ob-
served in the first stages of life, especially in the
growth (30-69 days) and development period
(70-119 days). Maximum absolute weight values
(57.65+0.71 g) and the length (97.13+1.27 mm)
of the stomach were established in poultry
aged 240 and 180 days, respectively, and the
oesophagus (absolute weight — 18.30+0.66 g,
length — 206.80+2.91 mm) and crop (length -
48.40+0.80 mm) — at the age of 300 days. In
older chickens, the growth of these organs does
not change significantly. The researchers found

that the increase in the total intestinal length
of broiler ducks of Brovarsky cross occurs une-
venly from the day-old (61.73*2.89 cm) to the
150-day age (297.98 £4.24 cm). In addition, the
length of the small and large intestines chang-
es differently and asynchronously. The length
of the small intestine increases to 150-day age
(236.50+3.86 cm), and the large intestine — to
120-day age (63.28+1.21 cm).

Materials and Methods

The research was carried out in 2023-2024 at
the educational, research, and production lab-
oratory “Centre for Biomorphological Technol-
ogies” (Department of Histology) of the De-
partment of Vertebrate Biomorphology named
after Acad. V.G. Kasyanenko of the National
University of Life and Environmental Sciences
of Ukraine (Kyiv). Material for the studies was
selected considering the age of 36 clinically
healthy turkeys (females) of the Big-6 breed
aged 1, 10, 20, 30, 40, and 50 days (Table 1).

Table 1. Dynamics of body weight and length in domestic turkeys, M+ m,n=6

Age group, day Body weight, g Body length, mm
1 88.75+1.96 133.67%1.93
10 309.90%3.77 195.17£1.93
20 605.50+37.92 245.33+3.80
30 804.83+21.92 306.67 +3.36
40 1,554.17+40.07 403.17+3.83
50 2,693.50+61.74 483.00+3.74

Note: weight and body length of turkeys are presented in the age aspect

Source: developed by the authors

Scientific research was conducted in com-
pliance with the requirements of the interna-
tional principles of the “European Convention
for the protection of vertebrates used in exper-
iments and other scientific purposes” (Europe-
an Convention, 1986) and the Law of Ukraine
No. 3447-IV “On the protection of animals from
ill-treatment” (2006). Anatomical and orga-
nometric research methods were used during

the study. The body weight of turkeys was de-
termined using an electronic scale A-250R
(Poland). Then an autopsy was performed and
the organs of the digestive tract were dissect-
ed. During the preparation, the organs were
separated from the surrounding tissues, the
stomach and intestines were emptied of their
contents. In the separated organs, the abso-
lute weight of the oesophagus, glandular, and
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muscular with the pyloric part of the stomach
and intestines was determined using an elec-
tronic scale A-250R (Poland). Their relative
weight (RW) was calculated by the equation (1):

AW
RW = = x 100%, ¢Y)

where AW - absolute weight of the organ (g);
BW - body weight of the turkey (g).

To establish linear measurements, mor-
phometric research methods measured the
length of the turkey’s body, oesophagus, length,
width, and height of the crop, parts of the stom-
ach and intestines using a caliper and ruler. The
relative weight of the oesophagus (relative to
the body length of turkeys) was calculated by
the equation (2):

TL
RW = —=-100%, (2)

where TL - total length of the oesophagus
(mm); BL - body length of the turkey (mm).

Digital data was processed using the sta-
tistical method on a personal computer using
the Microsoft Excel software suite. The assess-
ment of statistical reliability was determined by
the Student’s t-test at three probability levels
P<0.05,P<0.01,and P<0.001. Individual native
preparations of turkeys’ digestive tube organs
were photographed with a Nikon Coolpix S3100
camera (Nikon, Japan).

Results and Discussion

Digestive apparatus of birds represents a
long tube, which includes the digestive canal
(Fig. 1). The latter includes the oesophagus,
stomach, and intestines, which is consistent
with the data by P. Pachauri et al. (2024). The
digestive process occurs in the lumen of the
digestive canal due to the action of digestive
juices containing the necessary enzymes on
the feed, followed by the absorption of nutri-
ents into the blood and lymph.
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Figure 1. Organs of the digestive canal
of a 20-day-old turkey

native

2 - glandular and 3 — muscular parts of the stomach,

4 — intestines

Source: developed by the authors

Note: preparation: 1 -  oesophagus,

Topography and organometric

parameters of the oesophagus

According to the results obtained, it was found
that the oesophagus of turkeys is a continuation
of the oropharynx and has the appearance of a
long thin tube with almost the same diameter
and easily stretched walls. The latter form 6-8
longitudinal folds, which are clearly visible in
the mucous membrane and become more pro-
nounced with increasing age of the bird. The
folds improve the passage of feed, and due to
the significant amount of elastic fibres in the
oesophageal wall, this organ can expand signif-
icantly during the passage of feed and regain its
previous length. The wall of the organ contains
well-developed layers of the muscle membrane,
the contraction of which pushes food into the
stomach. L. Zakharchenko (2014) proved that
some species of wild birds can fill it with food
and not experience discomfort. T. Kataa &
S. Ahmed (2022) found out that the oesophagus
of birds is located on the front side of the neck
and follows the caudal passage of the trachea,
between bronchi, lungs, above the heart, and
passes into the glandular part of the stomach.
In the lower third of the neck of turkeys, there
is a significant fusiform (sac-like) expansion — a
crop with a thin wall (Fig. 2, Fig. 3).
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Figure 2. Oesophagus and crop
of a turkey aged 40 days
Note: native preparation: 1 — cervical part of the
oesophagus, 2 — crop, 3 — thoraco-abdominal part of the
oesophagus, 4 — glandular part of the stomach
Source: developed by the authors

Figure 3. Anatomical location of the
oesophagus and crop of a turkey aged 50 days
Note: native preparation: 1 — oesophagus, 2 — trachea,

3 —crop
Source: developed by the authors

M. Mahdy & E. Mohammed (2024) not-
ed that the pigeon’s crop represents a thin-
walled outgrowth with two lateral diverticu-
lae and contains transverse striated muscles
that, when contracted, help to move food into
the stomach. The oesophagus has a long cer-
vical (cranial) part, which is located above the
crop, and a relatively short thoracic-abdomi-
nal (caudal) part, which is located between the
crop and the glandular stomach. The absolute
weight of the oesophagus of turkeys is direct-
ly related to the increase in their body weight
and age. This trend can be traced back to their
50-day age (Fig. 4). In general, during the stud-
ied period of bird life, the absolute weight of
the oesophagus increases almost 18 times (by
1,733.33%). The increase in this indicator was
uneven. Its most intense growth was recorded
in turkeys aged 30 to 40 days (by 144.02%), and
the least intense — from 40 to 50 days of age
(by 43.79%, P <0.001). Such a pattern in the
dynamics of the relative weight of this organ,
which characterises the intensity of its growth,
was not found. The largest relative weight of
the oesophagus was recorded in 1-day-old tur-
keys, and the smallest — in 20-day-old turkeys.
Morphometric (linear) indicators of the total
length of the oesophagus increased with in-
creasing age of the bird (Table 2).

0.82
Day 50 % 22

Day 40 | 0:98

15.3
0.78
Day 30 6.27
0.65
Day 20 _3. )5 Relative weight, % |
0.76 H Absolute weight,
Day 10 _ 2.36 g8
1.35
Day 1 Ll.z
T
0 5 10 15 20 25

Figure 4. Absolute and relative weight of the oesophagus in turkeys
Note: age-related changes in the absolute and relative weight of the oesophagus of turkeys are presented

Source: developed by the authors
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Table 2. Linear parameters and relative oesophageal length in turkeys, M*¥m, n=6

Length of parts of the oesophagus, mm

Age group, Total length of the Relative length

day oesophagus, mm of the oesophagus, % cranial (cervical) caudal (tl}oraco-
abdominal)

1 61.00£1.49 45.71+1.70 36.83+1.81 24.7%0.81

10 96.83*1.06 49.63+(0.48* 58.50+0.84 38.33+0.81%*

20 128.5+1.77 52.42+1.13 73.33%1.25 55.17%£1.99

30 160.83+1.21 52.48%0.62% 90.83+0.65 70.00£0.56

40 215.17+2.14 53.38+0.47* 120.67+2.18 94.50+1.87*

50 263.00+1.87 54.46%0.42% 148.67+1.56 114.33+2.37

Note: *P < 0.05, compared to the corresponding indicator in the previous group

Source: developed by the authors

For 50 days of life of turkeys, the total
length of this organ increased 4.3 times (by
331.15%) (Table 2). The increase in the length
of the oesophagus was uneven. The absolute
length increased most intensively in turkeys
aged from 1 to 10 days (by 58.74%) and from 30
to 40 days (by 33.79%), and the least intensive-
ly — from 40 to 50 days (by 22.23%). With age,
there was a wave-like increase in the relative
length of the entire oesophagus (in relation to
the body length of turkeys). The largest relative
oesophageal length was recorded in 50 — day-
old turkeys, and the smallest-in daily ones. The
relative length of the oesophagus increased
most intensively in turkeys aged from 1 to 10
days (by 8.57%), and the least intensively —
from 20 to 30 days (by 0.11%, P<0.001).

The length of the cranial and caudal parts
of the oesophagus in turkeys is not the same.
In turkeys of all the studied ages, the length
of the cranial part exceeded that of the caudal
part. Thus, the highest value was determined at
the 1-day and 10-day age of turkeys (increased
by 1.5 times), and the lowest — at the 40-day
age (increased by 1.3 times). The absolute
length of both parts, and the total length of the
entire oesophagus, increased with the age of
turkeys. That is, for the entire study period of
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life of turkeys, the absolute length of the cra-
nial part of the oesophagus increased 4 times
(by 314.96%), and the caudal part — almost 5
times (by 355.81%). The absolute length of
both parts of the oesophagus increased asyn-
chronously. The absolute length of the cranial
and caudal parts of the oesophagus increased
most intensively in turkeys aged from one to
10 days (by 58.84% and 55.18%, P <0.01, re-
spectively). The least intense increase in the
absolute length of the cranial part of the oe-
sophagus was observed in turkeys aged 20 to
30 days (by 23.86%) and from 40 to 50 days (by
23.20%), and the caudal part — from 40 to 50
days (20.98%).

L. Horalskyi & V. Gatskivskyi (2009) found
that crop is characteristic of granivorous birds
and is a reservoir of temporary stay of feed re-
serves — a pocket that accumulates and macer-
ates. It performs the function of softening the
feed and participates in regulation of digestive
processes due to the slowdown in feed supply
to the stomach. According to research, the vol-
ume of the crop of turkeys varies significantly,
this is facilitated by the stretching of the wall,
which, when significantly filled with feed mass-
es, is translucent. It has anatomically well-de-
fined walls: dorsal, lateral, and ventral. Food
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from the crop, as the stomach is released, en-
ters through the lower oesophagus to the glan-
dular part of the stomach. Its morphometric

parameters are not the same in turkeys of the
studied age groups. They increase with in-
creasing age of the bird (Table 3).

Table 3. Linear indicators of turkey crop, mm, M*m, n=6

Age group, day Length
1 12.33+0.68
10 14.33£0.37%*
20 21.83£0.68
30 28.33+0.56
40 39.33+0.68
50 50.17£0.68

Height Width
17.33+0.44 15.16%0.31
20.33+0.37*** 18.17£0.65%**
38.17+0.65 32.17%+0.65
47.50+0.84 38.16+0.84***
63.17+0.84 51.67+0.93

67.17+0.84*** 65.33£0.81

Note: **P<0.01; ***P<0.001 compared to the corresponding indicator in the previous group

Source: developed by the authors

During the period from 1 to 50 days of
life of turkeys, the length of the crop in-
creased by 4.1 times (by 306.89%), height — by
3.9 (by 287.59%), and width - by 4.3 times (by
330.94%). The increase in the length, height,
and width of the crop was uneven. The most
intensive increase in the length, height, and
width of the crop occurred in turkeys aged from
10 to 20 days (by 52.33%, 87.75%, and 77.05%,
respectively). The least intense length of the
crop increased in turkeys aged from one to 10
days (by 16.22%, P <0.01), height — from 40 to
50 days (by 6.33%, P<0.001), and width - from 1
to 10 days and from 20 to 30 days (respectively,
by 19.85% and 18.62%, P<0.001).

Anatomical location and organometric
parameters of the stomach

The results of the study provided in this paper
confirm the data of N. Dilmurodov et al. (2021),
that the stomach of birds is a volumetric exten-
sion of the anterior intestine. It is located in the
initial part of the thoracolumbar cavity between
the oesophagus and duodenum (Fig. 5). In this
organ, feed is accumulated and processed un-
der the influence of gastric juice enzymes.
Studies have shown that the stomach of tur-
keys has two well-developed parts (chambers):

glandular (proventriculus) and muscular (ven-
triculus, gizzard), and almost undeveloped py-
loric (Fig. 6).

>4

Figure 5. Anatomical location
of the stomach of a 30-day-old turkey
Note: native preparation, presented topographic
features of the bird’s stomach
Source: developed by the authors

Figure 6. Stomach of a 40-day-old turkey
Note: native preparation: 1 - glandular part, 2 -
muscular part
Source: developed by the authors
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The latter is well expressed in indi-
vidual birds of wild species. S. Al-Taai &
M. Hasan (2020) proved that parts of the stom-
ach have different shapes and structures. The
glandular stomach has the form of an expanded
tube in which the food is exposed to gastricjuice,
and the muscular stomach has a disc-shaped

form, in which it is mechanically ground. Such
a combination of chemical and mechanical pro-
cessing, according to Q. Shang et al. (2020), pro-
motes maximum absorption of nutrients from
the feed mass. According to the results of the
study, the overall growth rates of the stomach
change with increasing age of turkeys (Fig. 7).

2.39

Relative weight, %

B Absolute weight, g

Day 50 * 64.31
Day 40 “53,3
Day 30 % 32.71
Day 20 pmmice 21.55
Day 10 ﬂ 1435
Day 1 jum 193
0 20 40 60 80

Figure 7. General indicators of absolute and relative weight of the stomach in turkeys

Note: age-related changes in absolute and relative weight of the stomach of turkeys are presented

Source: developed by the authors

The absolute weight of this organ increased
unevenly from 1-day to 50-day age. During this
period, the absolute weight of the stomach in-
creased 13 times (by 1,199.39%). The absolute
weight of turkeys increased most intensively at
the age of 1 to 10 days (by 191.07%), and the
least intensively — from 40 to 50 days (20.66%).
The absolute weight of the stomach in turkeys
aged from 10 to 20 days, from 20 to 30, and from
30 to 40 days increased, respectively, by 50.17%,
51.78%, and 62.95%.

With increasing age of turkeys, the total
relative weight of the stomach changed. During
the study period, the total relative weight of the
stomach decreased with slight fluctuations from
the daily age to the 50-day age. The decrease in
the total relative weight of the stomach took
place in waves. Most intensively, the total rela-
tive stomach weight of turkeys decreased from
10 to 20 days of age and from 40 to 50 days of
age, respectively, by 21.77% and 30.52%. With
less intensity, there was a decrease in the
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relative weight of the stomach in turkeys aged
from 1 to 10 days (by 16.70%) and from 30 to 40
days (by 15.69%). In turkeys of all the studied
age categories, the growth of individual parts of
the stomach (glandular and muscular) occurred
with different intensity and changed with the
age of the bird (Fig. 8). The growth rates of the
muscular part of the stomach are higher than
that of the glandular one. The absolute weight
of the glandular part of the stomach increased
unevenly from the daily to 50-day age of tur-
keys, that is, by 15.7 times (Fig. 8). The abso-
lute weight of the glandular part of the stomach
increased most intensively in turkeys from 10
to 20 days of age — by 173.15%, and the least
intensively - from 40 to 50 days (by 17.55%). An
increase or decrease in the relative weight of
the glandular part of the stomach has not been
established. Moreover, the largest value was
observed at the 1-day age (0.69 +0.02%), and
the smallest — at the 10-day and 50-day age,
respectively, at 0.35*0.02% and 0.35+ 0.01%.




Growth of organs of the digestive tube of Big-6 turkeys...

2.04
Day 50 54.73
9.58
2.91
Day 40 45.15
 — 15
3.49
Day 30 g 28.03
— 4.68
3.13
Day 20 . 8.6
— 2.95
4.29
Day 10 "= 13.27
1.08
4.88
Day 1 I3
B 0.61
0 10 20 30 40 50 60

Relative weight of the muscular part m Absolute weight of the muscular part
Relative weight of the glandular part m Absolute weight of the glandular part

Figure 8. Indicators of absolute (g) and relative (%) weight
of individual parts of the stomach in turkeys
Note: age-related changes in the absolute and relative weight of the glandular and muscular parts of the stomach of

turkeys are presented
Source: developed by the authors

The increase in the absolute weight of the
muscular part of the stomach of turkeys oc-
curred unevenly from the 1-day to 50-day age.
In general, the absolute weight of the muscu-
lar part of the stomach increased by 12.7 times,
and the most intense increase was observed in
turkeys aged from 1 to 10 days (by 207.18%). In
turkeys aged 40 to 50 days, the absolute weight
of the stomach increased by 21.22%. In turkeys
aged from 10 to 20 days, from 20 to 30 and from
30 to 40 days, it increased with average inten-
sity (by 40.17%, 50.70%, and 61.07%). The rela-
tive weight of the muscular part of the stomach
decreased in waves from 1-day to 50-day age,
and most intensively decreased in turkeys aged
from 10 to 20 days - by 27.04% and from 40 to
50 days - by 29.89%, and least intensively de-
creased (by 12.09%) — from 1-day to 10-day age.

Features of topography and linear indicators
of the glandular part of the stomach

Topographically, the glandular part of the stom-
ach of turkeys is an extension of the oesophagus

and has the shape of a tube with narrowed
ends and an expanded middle area. Its anteri-
or end is located between the thoracic air sacs,
and its other parts lie between the hepatic
lobes. The posterior end of the glandular part
of the stomach is the intermediate zone, or
isthmus, which connects to the muscular part.
The left surface is adjacent to the caecum, and
the right surface is adjacent to the spleen and
ileum. On the inner surface of the glandular
part of the stomach, small longitudinal folds
formed by the mucous membrane with a small
amount of mucus with admixtures of feed resi-
dues are clearly visible. P. Pachauri et al. (2024)
found that the mucous membrane forms cone-
shaped elevations — papillae, on the tops of
which, according to data, the excretory ducts
of the gastric glands open. The current study
showed that with increasing age of turkeys,
linear indicators of the length, greatest width
and height of the glandular part of the stom-
ach increased, respectively, by 2.4 times, 2.7,
and 2.8 times (Table 4).
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Table 4. Linear indicators of the glandular part of the stomach of turkeys, mm, M*m, n=6

Age groups, day Length
1 16.08+0.23
10 20.43+0.88***
20 25.97+0.65%**
30 26.42+0.35*
40 34.10£0.41
50 38.72+0.46

Width Height
8.87+0.37 7.93%0.26
9.17+0.31* 8.88+0.87

11.15%0.64™* 10.87+0.47*
16.17+0.68"** 15.92+0.90%**
20.67%0.56%** 17.83+0.68*
24.00£0.75%** 22.17+0.31%**

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the indicator in the previous group

Source: developed by the authors

The length of the glandular part of the
stomach of turkeys increased most intensive-
ly by 29.07% at the age of 30 to 40 days, and
the width and height, respectively, by 45.02%
and 46.46% (P <0.001) - from 20 to 30 days.
The least intense length of the glandular part
of the stomach increased in turkeys aged from
20 to 30 days (by 1.73%, P < 0.05), and width
and height, respectively, by 3.38% and 11.98%
(P<0.05) - from 1 to 10 days.

Features of topography and linear indicators
of the muscular part of the stomach
In turkeys, the muscular part of the stomach is

well developed and located slightly to the left of
the liver, accommodates the entrance and exit
openings. The entrance opening is located on
the side of the glandular part of the stomach,
and the exit is located on the side of the duode-
num. The muscular part of the stomach is disc-
shaped and has thick walls, as reported by S. Al-
Taai & M. Hasan (2020) who studied it in birds of
other species. It is based on the main and inter-
mediate muscles, which are formed by smooth
muscle tissue. In the current study, linear indi-
cators of the length, greatest width, and height
of the muscular part of the stomach of turkeys
increased from daily to 50 days of age (Table 5).

Table 5. Linear indicators of the muscular part of the stomach of turkeys, mm, M*m, n=6

Age group, day Length
1 28.32%0.98
10 32.83+0.87***
20 49.32+0.80*
30 51.67%0.81
40 61.17£0.99
50 70.33+0.75

Width Height
22.77+0.43 14.18%0.31
29.50+0.28 24.33+0.75

31.25%0.51%* 26.33%0.56*

35.83£0.87%"* 28.67%0.56**
48.500.47 32.17+0.68***
55.00£0.37 37.83+0.31

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the indicator in the previous group

Source: developed by the authors

The length and greatest width of the mus-
cular part of the stomach of turkeys increased
by 2.4 and 2.7 times, respectively. With maxi-
mum intensity, the length increased in turkeys
aged from 10 to 20 days (by 50.23%, P < 0.05),
and the greatest width — from 30 to 40 days
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(by 35.36%) and the greatest height — from 1 to
10 days (by 71.58%). With the lowest intensity,
linear indicators increased from 20 to 30 days
(by 4.76% length) and from 10 to 20 days (by
5.93%, p<0.01 and 8.22%, P<0.05), respective-
ly, width and height.
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Topography and organometric

parameters of the intestine

The results of the study confirmed the data of
D. Makhotina et al. (2020), who proved that the
intestines of birds are differentiated into divi-
sions of the intestine, which differs in the na-
ture of the relief and features of the structure
of the mucous membrane. There are small and
large divisions in the intestines. The small part
consists of the duodenum, jejunum, and ileum,
and the large part consists of the caecum and
the rectum, which ends in the cloaca (Fig. 9,
Fig. 10). In the small intestine, due to a well-de-
veloped villous apparatus and crypts, nutri-
ents are absorbed, and in the large intestine,

indigestible residues are formed, which are
excreted through the cloaca into the external
environment. The absolute, relative weight and
linear parameters of the intestines of birds de-
pend on their species and breed characteristics.
M. Kushch et al. (2018) proved that the absolute
intestinal weight of black white-breasted ducks
aged from one to 365 days increases by 114.7
times, and its length — by 4.3 times. The max-
imum absolute weight of the intestine is ac-
quired at the age of one year, relative weight — at
21-day age, length — at 180-day age. According
to the current study, the absolute intestinal
weight of turkeys aged from one to 50 days in-
creased by 8.7 times, or by 776.25% (Fig. 11).

Figure 9. Intestines of a 1-day-old turkey

Note: native preparation: 1 — duodenum, 2 — jejunum,
3 —ileum, 4 — caecum, 5 — rectum with cloaca
Source: developed by the authors

Figure 10. Intestines of a 40-day-old turkey

Note: native preparation: 1 — duodenum with pancreas,
2 — jejunum, 3 — ileum, 4 — caecum, 5 — rectum with
cloaca

Source: developed by the authors
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Figure 11. Indicators of absolute and relative weight of the intestines in turkeys
Note: age-related changes in the absolute and relative weight of the intestines of turkeys are presented

Source: developed by the authors
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The increase in the absolute weight of the
intestines of turkeys occurred unevenly. The
absolute weight of the intestines of turkeys
increased most intensively from 30 to 40 days
(by 98.27%), and the least intensively — from 40
to 50 days (by 37.99%). With increasing age of

turkeys, the total relative weight of the intes-
tine changed in waves from 1-day to 50-day age
and was most recorded in 1-day-old turkeys,
and the smallest — in 50-day-old turkeys. The
indicator of total intestinal length changed
with the age of turkeys (Table 6).

Table 6. Linear indicators of the total length
of the intestines of turkeys and its divisions, cm, M*¥m, n=6

Age group, day Total intestine length
1 75.83+1.77
10 88.83+1.21%***
20 113.17+£2.55
30 131.00+ 1.49***
40 163.50%2.62
50 196.66+2.62

Section length

Small intestine Large intestine
58.83+0.84 17.00+0.93
67.33+0.87 21.50%1.12
88.50%2.24 24.67%0.68
101.83+1.59 29.16+0.49***
127.50+2.89 36.00£0.75
148.33+1.99 48.33+1.12

Note: ***P<0.001 compared to the indicator in the previous group

Source: developed by the authors

During the study period, birds aged from 1
to 50 days increased the total intestinal length
by 2.5 times (by 159.34%). It increased most
intensively in turkeys aged from 10 to 20 and
from 30 to 40 days (by 27.40% and 24.81%, re-
spectively), and least intensively from 20 to 30
days of age (by 15.76%, P<0.001). The length of
the small and large intestines varies. In turkeys
of all the studied ages, the length of the small
intestine exceeded that of the large one by more
than 3 times. In turkeys aged 20 days, the length
of the small intestine increased by 3.59 times,
and at the age of 50 days — by 3.1 times. Dur-
ing the entire study period, the length of both

parts of the turkey intestine increased — by 2.5
(small) and 2.8 (large) times. The length of the
small and large intestines varied unevenly. The
most intense increase in the length of the small
intestine was recorded in turkeys aged from 10
to 20 days (by 31.44%), and the large one — from
40 to 50 days (by 32.86%). At the same time, in
turkeys from daily to 10-day age, the length of
the small intestine increased by 14.45%, and in
turkeys from 10 to 20-day age - by 14.74%. In
the small intestine, segments (intestines) have
different lengths. The longest intestine is the
jejunum, the duodenum is much shorter, and
the ileum is the shortest (Table 7).

Table 7. Linear indicators of the length of the small intestine in turkeys, cm, M*m, n=6

Age group, day

Duodenum
1 8.66%0.74
10 10.67£0.75*
20 16.67£0.74%**
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Part of the small intestine

Jejunum Ileum
44.50+0.47 5.67+0.44

48.33+(.93** 8.33+(.75%*

57.66%1.87%** 14.17+0.84**
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Age group, day
Duodenum

%0 20.33 +(0.99%*

0 29.00# 1.31%**

%0 36.00+ 1.12%*

Table 7. Continued

Part of the small intestine

Jejunum Ileum
65.33£0.99** 16.17+0.65*
76.00%1.30 22.5+0.65
84.33+2.05%* 28.00 £ (. 74%%*

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the corresponding indicator in the previous group

Source: developed by the authors

A. Skowronski et al. (2024) indicated a sim-
ilar length of intestines in this part of the intes-
tine. The length of the intestines of the small
intestine increases unevenly and in waves with
the increasing age of turkeys. Thus, the length of
the duodenum increased 4.2 times (by 315.70%),
the jejunum - 1.9 times (by 89.51%), and the il-
eum — 4.9 times (by 393.83%). The most intense
increase in the length of the small intestine was

recorded in turkeys aged 10 to 20 days (duode-
num by 56.23%, jejunum by 19.30%, and ileum
by 70.1%, P<0.001). The least intense length of
the duodenum increased in turkeys aged 20 to
30 days (by 21.95%, P <0.01), jejunum — from
one to 10 days (by 8.61%, P<0.01), and ileum —
from 20 to 30 days (by 14.11%, P < 0.05). The
length of the components of the colon (cae-
cum and rectum) varied unevenly (Table 8).

Table 8. Linear indicators of the length of the intestines
of the large intestine in turkeys, cm, M*m, n=6

Part (intestines)

Age group, day Caecum
Rectum (with cloaca)
right left

1 5.50£0.37 6.17%0.15 5.33%0.62

10 7.17£0.34** 8.16+0.47** 6.17+0.68

20 8.50£0.37* 9.17£0.34 7.00+0.19

30 10.33£0.37** 11.00£0.37** 7.83+0.46
40 12.84+0.31%** 13.83£0.31%** 9.33+0.25%*

50 17.33£0.75%** 18.33+0.44 12.67£0.25

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the corresponding indicator in the previous group

Source: developed by the authors

The described results of the study are con-
sistent with the data of M. Kushch et al. (2018)
that the caecum of birds is located at the junc-
tion of the small and large intestines, that is,
the ileum and rectum. A. Hunt et al. (2019)
noted that their size depends on the method
of foraging, while in faunivorous species they
are shorter, and in herbivores they are longer.
In turkeys of all the studied ages, the length of

the left caecum is slightly longer than the right,
and the rectum (with cloaca) has the smallest
length. The length of parts of the large intestine
increased from 1 to 50 days of age. Thus, the
length of the right caecum of turkeys increased
by 3.2 times (by 215.09%), the left caecum -
by 2.9 times (188.97%), and the rectum — by
2.4 times (by 137.71%). The length of the cae-
cum and rectum increased unevenly. The most
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intense increase was recorded in turkeys aged
40 to 50 days: the right caecum - by 34.97%
(P<0.001), the left caecum - by 32.53%, and the
rectum - by 35.80%. The least intense increase
in the length of the caecum was observed in tur-
keys from 10 to 20 days of age (right caecum -
by 18.55%, P < 0.05, left caecum - by 12.38%),
and rectum - from one to 10 days, from 10 to
20 days and from 20 to 30 days (respectively, by
15.76%, 13.45% and 11.86%).

The presented results of a study of the
growth of the oesophagus, stomach, and in-
testines in turkeys in the early stages of the
postnatal period of ontogenesis are consistent
with the data of K. Kadhim et al. (2010), who
noted different intensity and asynchrony of in-
creasing the organometric parameters of these
organs in the age aspect of the bird. The most
intensive development of the digestive canal
organs of poultry was observed in the first stag-
es of life aged from 1 to 50 days. The findings of
a number of researchers, in particular A. Skow-
ronski et al. (2024), regarding their maximum
values in birds of different species are debata-
ble and require further study.

Thus, the paper describes the anatomical
location and results of determining organo-
metric indicators of the growth of the oesoph-
agus, stomach, small and large intestines in
turkeys of the Big-6 breed in the early stages
of the postnatal period of ontogenesis (up to
50 days of age). The data obtained helped to
determine the critical periods of development
of both the whole organism and individual or-
gans, which is important to consider when car-
rying out treatment and preventive measures
in turkey breeding.

Conclusions

In Big-6 turkeys aged from 1 to 50 days, the
growth rates of the oesophagus, stomach,
and intestines increase with varying intensi-
ty with increasing age of the bird. During this
period, the absolute weight of the oesophagus
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increased 18 times (by 1,733.33%), the stom-
ach — 13 times (by 1,199.39%) and the intes-
tines — 8.7 times (by 776.25%). A natural change
in the relative weight of the oesophagus has
not been established. This indicator was high-
est in the day-old bird (1.35% +0.05%), and the
lowest — at the age of 20 days (0.65% +0.04%).
Instead, the relative weight of the stomach
and intestines decreased with increasing age
of turkeys from the day-old (5.57 = 0.36% -
stomach and 13.96 + 0.44% - intestines) up
to 50 days of age (2.39%0.07% — stomach and
4.05 +0.08% - intestines). Linear parameters
of the oesophagus, stomach, and intestines
increased with age. For 50 days of life of tur-
keys, the total length of the oesophagus in-
creased 4.3 times (by 331.15%), its individual
parts — 4 times (by 314.96% - cranial) and 5
times (by 355.81% - caudal). Linear indicators
of the length (4.1 times, or 306.89%), height
(3.9 times, or 287.59%) and width (4.3 times,
or 330.94%) of the crop, which is an extension
of the oesophagus, also increased. During the
entire study period, the length, greatest width
and height of individual parts of the stomach
increased (glandular, 2.4, 2.7 and 2.8 times, re-
spectively, and muscular, 2.4, 2.4, and 2.7 times,
respectively). With increasing age of turkeys,
the length of the small (2.5 times) and large
(2.8 times) parts of the intestine increased. The
length of individual parts of the small intestine
increased 4.2 times (duodenum), 1.9 times (je-
junum) and 4.9 times (ileum). Parts of the colon
increased in a wave-like manner by 3.2 times
(right caecum), 2.9 times (left caecum) and 2.4
times (rectum). Further research will focus on
the growth rates of the oesophagus, stomach,
and intestines of turkeys older than 50 days.
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Growth of organs of the digestive tube of Big-6 turkeys...

PicT opranis TpaBHOro KaHaJjy iHaukiB nopoau bir-6
HA paHHIX eTanax NOCTHATAJbHOIO0 Iepioy OHTOreHe3y

Hagis Junuiok
IToKTOp BeTepuHApHUX HAyK, Tpodecop
HanioHanpHMit yHiBepcuTeT 6iopecypciB i IpUPOLOKOPUCTYBaHHS YKpaiHu
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Hatans Masyp
AcmipaHT
HarionanbHMit yHiBepcuTeT 6iopecypciB i MpUpPOIOKOPUCTYBaHHS YKRpaiHu
03041, Byn. TepoiB O6opoun, 15, m. Kui, Vkpaina
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Anoranig. BupomryBaHHsl iHAMKIB mopomy Bir-6 HabyBa€ MIMPOKOTO TMOUIMPEHHS B YKpaiHi,
OCKiJTbKM BOHM BiI3HAYAIOTHCSI BUCOKOIO MPOAYKTUBHICTIO Ta SKUTTE3NATHICTIO. /1S TTOKpaIeHHSI
TEXHOJIOTi iX yTpMMaHHSI, TOLiBJIi Ta MeTOiB MPodiNakTUKM i TiKyBaHHS 3aXBOPIOBaHb HMITYHKO-
BO-KMILIKOBOTO TPAKTy HeOOXigHI 3HAHHS 100 0CO6IMBOCTe 6ymoBy Ta QYyHKIIil opraHis anapa-
Ty TpaBjieHHS. Y 3B’I3Ky 3 I[MM, MeTa JOC/iP)KeHHS T10JIIrajia y BUBUEHHI pOCTY OpraHiB TPaBHOTO
KaHajy iHOMKiB y BIKOBOMY acmeKTi. JIjis1 po60TH BUKOPUCTOBYBA/IM CydyacHi KOMITIEKCHI Mopdo-
JIOTiYHi MeTOmY JOC/iIKeHb: aHATOMiUHi, OpraHOMETPMYHI Ta CTATUCTUYHI, 3aBISKA SIKUM BCTa-
HOBJIEHO HOBi JIaHi 1010 0co6amBOCTelt Tornorpadii Ta MakpoMopdoMeTpUUHOI XapaKTEePUCTUKI
CTPaABOXO[Y, LIUTYHKY i1 KMIIEYHUKY iHAMKIB BikoM Bix ofgHiei mo 50 ni6. loBeneHO, MO CTPaBOXis
iHAVKIB Ma€ BUI/ISA TOHKOI TPYyOKM, sIKa BOJIOM TIOAi/IeHa Ha JOBTY LIMITHY Ta AEl[0 KOPOTIIY Tpy-
[I0-yepeBHY YacTMHM. AGCOJIIOTHA Maca I[bOTO OpraHy 36iibIiryBanach Big omgHiei qo 50 mio y 18
pasiB, a 1oro JoBkMHa — Y 4,3 pa3a. Boso € po3mupeHHIM CTPaBOXOAY IIPY BXOZi Yy IPyl0-uepeBHY
HopoxHMHY. Vloro MopboMeTpuyuHi MOKa3HUKM BITPOOBK BCHOIO AOC/iIKYBAaHOTO Mepiofy MTHIli
3pocranu y 4,1 pasa (IoBxkuHa), y 3,9 pasa (Bucorta) i 4,3 pasa (umpuHa). llITyHOK € 3HAaUHMM PO3-
HIVMPEHHSIM TTepeqHbOi KUIIKY i TTOiIeHMIT Ha 3aJI03UCTY Ta M’SI30BY YacTuHu. [Ipu ipomMy mokas-
HUKM POCTY M’SI30BOI YaCTMHY IUTYHKY OB, HiXX 3a7103UCTO1. 3arajibHUit MOKAa3HNUK a6COMIOTHOT
Macu IUTYHKY iHAMKIB BikoM Bif opHiei no 50 #i6 3pic y 13 pasiB, a fioro okpemMux yacTu -y 15,7
(3anmoswucroi) i 12,7 (Mm’s130B01) pa3a. AGCOTIOTHA Maca KMIIIEUHMKA 3a BECh TOCTIIKYBaHMI TTepiof
ITuIi 36inbIImIack y 8,7 pasa, a iioro 3arajibHa JOBXMHA — Y 2,5 pa3a. OTpMMaHi pe3yibTaTy o0
MaKpPOCKOTIYHMX ITOKa3HMKIB OPraHiB TPaBHOTO KaHATy iHAMKIB Y BIKOBOMY acIeKTi 1al0Th MOXK-
JMBICTh MpOaHasi3yBaTU 3MiHM MOKAa3HMKIB POCTY, IO € BaXJIMBUM aCIIEKTOM IIpU MPOBeIeHHi
BaKUMHALi1, MpOoGiTaKTVKM Ta JTiKyBaHHS OPraHiB TPaBIeHHS MITUIT

Kiio4oBi cimoBa: Tulls; arapat TpaBJIeHHS ; JIiHiifHI TOKa3HMKY; abCOMI0THA Maca; BiTHOCHA Maca
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