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Abstract

This study is aimed at investigating the age-related changes in postnatal development of small intestine
of red Sokoto goat. In this study, a total of thirty (30) red Sokoto goat digestive tract samples were used
and grouped into five (5) age categories (group A to E). The goat ages were estimated using dentition
eruption and wearing. The small intestines were identified and separated from the other part of diges-
tive tract. The gross identification revealed that the small intestine was composed of three (3) segments
that named; duodenum, jejunum and ileum with anatomical demarcations between them. The biometric
study of weight, length, width, thickness, and volume was found to be increasing with advancement in
postnatal ages. The mean weight value of the duodenum were found to range between 16.75 to 42.75 and
the mean value of length, width, thickness and volume were observed to be within the range of 71.00 to
199.50, 1.05, to 2.01, 0.28 to 0.66 and 8.50 to 35.00 from group A to group E respectively. Based on the
result obtained, it was concluded that the mean weight of the digestive tract, small intestine and various
segment of the small intestine (jejunum and ileum) tends to increase with age that is from group A to
group E as in the duodenum. However, there is variation in the mean weight, length, width, thickness and
volume of various intestinal segments that is duodenum, jejunum and ileum with the jejunum had larger
value compare to the duodenum and ileum.

Keywords: Anatomy; Age related changes; Biometric study; Capra aegagrus hireus; Postnatal develop-
ment

Introduction

Goats are one of the oldest domesticated species and have been used for milk, meat, hair
and skins in most countries [1]. They are considered as small livestock animals, compared
to bigger animals such as cattle, buffalo, horses and camel but larger than micro livestock
stock such as poultry, rabbits and guinea pig. Each recognized breed of goat has specific
weight ranges. Goats are of economic value or useful of humans as a renewable provider of
milk manure and fiber and then as meat and hide [2]. Some provide goats to impoverished
people in poor countries, because goats are easier and cheaper to manage than cattle and
have multiple uses [2].

The importance of small intestine in Utilization and Absorption of Food substance create
the need to study the developmental changes of different small intestinal segment for better
understanding of the anatomy, physiology, and pathology of the organs of small intestine.
The information obtained from this study will help to bridge the existing gap on the normal
morphology morphometry and histological of the small intestinal segment of goat at different
age categories.

Materials and Methods
Study area

The study was conducted in Sokoto metropolis, the capital of Sokoto State of Nigeria.
Geographically the state is situated on Latitude 120 15N and 050E and is 308m above the sea
level. Sokoto state occupies an area of short grass savannah vegetation in the south and thorn
in the north. It shares boundaries with Zamfara State to the east, Niger Republic to the North
and Kebbi State to the west and southwest.

The State was ranked second in the nation livestock population with an estimated number
of 3 million cattle, 3.85million sheep, 4 million goats, 0.8 million camels, 2 million chickens
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and 1 million poultry [3]. These animal species are one of the major
sources of proteins to the inhabitants of the state and over 75% of
them are reared or are raised in traditional free-range system living
on close association with human settlements [3].

Experimental design

Goat small intestines were collected from Slaughtered Goats
at the Sokoto Metropolitan abattoir and transported to the
Anatomy Laboratory, Department of Veterinary Anatomy, Faculty
of Veterinary Medicine, Usmanu Danfodiyo University Sokoto.
The goats were sexed using external genitalia. The goat ages were
estimated using the dentition eruption and wearing.

This is as follows

0 - 6 months - Eruption of all the decidua’s teeth.

6 months - I year - Wearing of all the deciduate teeth.

1 year-1 % year - I1
1% year- 2 year - 12
2 year- 3 year - 13
Above 3 year - 14
Where 11 = Central incisor
12 = Second Incisor
I3 = Third Incisor
14 = Canine or Corner incisor

Note that the [1, [2, I3 and 14 of the lower jaw.

Based on this the small intestinal sample were categorized into
five groups as follows:

1t - 0 to 6 months

2nd - 6monthsto 1 year
3rd - 1 year to 2 year
4t - 2 year to 3 year
5t - Above 3 years

Biometrical landmarks

A.  Weight of the entire tabular organs: The weight of the
entire tabular organs was weighed using weighing scale in kilogram.

B. Weight of small intestine: The small intestines were
weight using electrical weighing balance and recorded in grams.

C. Weight of Duodenum: the duodenums were weighed
using digital scale and recorded in grams.

D. Weight of Jejunum: the jejunums were weighed using
digital scale and recorded in grams.

E.  Weight in lleum: The Ileums were weighed using digital
scale and recorded in grams.

F.  Weight of pancreas: The pancreases were weighed using

digital scale and recorded in gram.

G. Length of small intestine were measured using measuring
tape from the pyloric region of the duodenum to the ileocaecal
junction of the intestine and recorded in centimeter.

H.  Length of Duodenum: The lengths of the duodenum were
measured using measuring tape and recorded in centimeter.

L. Length of jejunum: The lengths of jejunum were measured
using measuring tape and recorded in centimeter.

J. Length of Ileum: The lengths of [leum were measured
using measuring tape and recorded in centimeter.

K.  Length of Pancreas: The length of pancreas was measured
and recorded in centimeter with of small intestine were measure
using metric.

L.  Width of Duodenum: The widths of duodenums were
measured using metric rule and recorded in centimeter.

M. Width of Jejunum: The widths of ileums were measured
using metric rules and recorded in centimeter.

N.  Width of ileum: The widths of ileum were measured using
metric rules and recorded in centimeter.

0. Width of pancreas: The widths of pancreas were measured
using metric rule and recorded in centimeter.

P.  Volume of small intestine: The volumes of small intestine
were measured by the volume of water displaced as described by
Archimedes principle and recorded in cubic centimeter.

Q. Volume of Duodenum: The volumes of Duodenum were
measured by the volume of water displaced as described by
Archimedes principle and recorded in cubic centimeter.

R.  Volume of Jejunum; The volume of Jejunum was measured
by the volume of water displaced as described by Archimedes
principle and recorded in cubic centimeter.

S.  Volume of Ileum: The volumes of the ileums were
measured by the volume of water displaced as described by
Archimedes principle and recorded in cubic centimeter.

T. Volume of pancreas: The volumes of pancreas were
measured by the volume of water displaced as described by
Archimedes principles and recorded in cubic centimeter.

U. Thickness of Duodenum: Thicknesses of Duodenums
along the luminal diameter were measured using the digital caliper
and recorded in Millimeter.

V. Thickness of the jejunum: The thicknesses of a Jejunum
along the luminal diameter were measured using the digital caliper
and recorded in millimeter.

W.  Thickness of ileum: The thicknesses of an ileum along
the luminal diameter were measured using the digital caliper and
recorded in millimeter. Thickness of pancreas: The thicknesses of a
pancreas were measured using the digital caliper and recorded in
millimeter.
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Data obtained were presented in mean standard deviation.
Using Microsoft excel 2012.

Result and Discussion

The small intestine of Red Sokoto goat was shown to be situated
in the right ventral caudal area of abdominal cavity; it begins at the
pylorus and ended atthe caecuminileocaecal junction. Observations

shown that it consists of three segments that named Duodenum,
Jejunum and Ileum (Figure 1). It connects with the large intestine
in the lower most part of the alimentary canal which begins with
the caecum and ends with the rectum. The entire organ shown to be
a musculomembranous structure and elastic throughout it course
with slight differences between the segments (Figure 1).

Figure 1: Photograph of the digestive tract of red Sokoto goat, it shows

A: Rumen;
B: Omasum;
C: Abomasum;

D: Colon;

E: Rectum; (black arrow): Omentum; (red arrow); Duodenum; (yellow arrow): Jejunum; (green arrow): Ileum.

The biometric study of red Sokoto goat shows that the small
intestine had different in the mean, weight value at different age
categories in which there is an increase in the value with age. Also,
the mean value of the duodenum, jejunum and ileum in weight,
length, width thickness and volume increase with age that is at
different various postnatal age categories.

The mean * SD weight value of the duodenum were found to
range between 16.75SD to 42.75SD and the mean value of length,
width, thickness and volume were to be 71.00SD to 199.50SD,

1.05SD, to 2.01SD, 0.28SD to 0.66SD and 8.50SD to 35.00SD from
group A to group E respectively (Table 1). The result revealed that
the mean weight of the digestive tract, small intestine and various
segment of the small intestine (duodenum, jejunum and ileum)
tends to increase with age that is from group A to group E as in the
duodenum. However, there is variation in the mean weight, length,
width, thickness and volume of various intestinal segments that is
duodenum, jejunum and ileum with the jejunum had larger value
compare to the duodenum and ileum as shown in the (Table 1, 2
& 3).

Table 1: Mean + SD value of the duodenum in relation to various postnatal ages.

Parameters Age Categories
Group A (Mean * S.D) | Group B (Mean # S.D) | Group C (Mean % S.D) | Group D (Mean * S.D) Group E (Mean * S.D)
Weight 385.75 + 49.14 476.75 + 93.69 493.75+108.98 524.00 £ 20.86 811.00 + 27.15
Weight (g) 16.75 +1.06 21.50 £ 0.71 25.25+8.84 34.75+9.55 42.75 £10.25
Length (cm) 71.00+9.19 73.50+0.71 80.50 +30.41 84.50 £9.19 119.50 + 14.14
Width (cm) 1.05 + 0.07 1.05+0.35 1.55+0.14 1.75 £ 0.35 2.01+0.07
Thickness (mm) 0.28 £0.22 0.32£0.0.01 0.32+0.12 0.46+0.16 0.66 +0.06
Volume (cm?) 850+0.71 12.00 + 4.24 18.00 +2.12 30.00 + 5.66 35.00 +10.61

The mean value of pancreas in various postnatal ages increase
with age, that is the weight, length, width thickness and volume
mean, and value elevated as shown in (Table 4, 5 & 6). The organs
index and volumetric index of duodenum, jejunum and ileum and
pancreas were revealed to increase with age. The table below shows
the result of biometrical readings comprising of weight, length,

width, thickness and volume of small intestine segment together
with the pancreas. The remarkable significant variation of weight,
length, width, thickness and volume of each part of small intestine
in the red Sokoto goat at different postnatal ages categories may
be due to increase feed consume high contents of fiber in their diet
which need more time and large area for digestion and absorption.
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Table 2: Mean * SD value of the jejunum in relation to the various postnatal ages.

Age Categories

Parameters

Group A

Group B

Group C

Group D

Group E

Weight (Mean * S.D)

385.75+49.14

476.75 £ 93.69

493.75 +108.89

524.00 + 20.86

811.70 + 27.15

Weight(g) (Mean # S.D)

269.50 + 14.85

317.00 £ 55.15

320.00 £90.16

368.75 £ 23.33

524.25+22.98

Length(cm) (Mean + S.D)

1026.50 + 140.00

1034.00 £ 55.15

1035.00 £11.31

1093.00 £ 137.18

1203.00 £ 8.46

Width(cm) (Mean # S.D) 1.15 £ 0.07 1.65£0.21 1.75+0.35 2.05+0.07 2.20+0.02
Thickness (mm) (Mean + S.D) 0.21+0.12 0.27 £ 0.09 0.28 +£0.11 0.32+0.01 0.44 +0.0.01
Volume (cm?®) (Mean * S.D) 121.00 + 35.00 214.00 * 26.87 214.00 £ 79.19 226.25+32.53 258.00 +12.72

Table 3: Mean + SD value of the ileum in relation to the various postnatal ages.

Age Categories
Parameters
Group A Group B Group C Group D Group E
Weight (g) (Mean * S.D) 385.75 £ 49.14 476.75 + 93.69 493.75+108.89 524.00 + 20.86 811.70 + 27.15
Weight(g) (Mean + S.D) 81.75 + 28.64 82.00 + 28.99 104.00 + 26.52 123.75 £ 15.56 182.50 +12.73
Length (cm) (Mean *+ S.D) 239.75 £ 2.46 261.00 * 28.99 261.00 + 43.84 275.50 +2.83 323.50 £ 27.58
Width (cm) (Mean * S.D) 1.45+0.07 1.95+0.07 2.00+0 2.00+0.28 250+0
Thickness (mm) (Mean + S.D) 0.22+0.13 0.25+0.15 0.28+0.14 0.36 +0.08 0.39+0.02
Volume (cm?®) (Mean * S.D) 64.50 + 19.45 75.50 + 27.58 80.00 + 25.46 80.25 £ 3.50 99.00 + 8.49
Table 4: Mean + SD values of the pancreas in relation to the various postnatal ages.
Age Categories
Parameters
Group A Mean + S.D | Group B Mean # S.D Group C Mean # S.D Group D Mean *+ S.D Group E Mean # S.D
Weight (g) 385.75 +49.14 476.75 + 93.69 493.75 £ 108.89 524.00 + 20.86 811.70 + 27.15
Weight (g) 16.25 +6.72 17.75 £ 4.24 23.50 £2.48 30.50 £ 3.54 52.20 £ 1.69
Length (cm) 11.50 + 3.54 12.75 + 4.60 13.50 + 2.50 14.00 £ 0.71 17.25+1.06
Width (cm) 2.45+0.64 3.10£1.41 3.15+0.49 335%0 5.00 £ 0.07
Thickness (mm) 0.30+0.28 0.35+0.33 0.49 £1.01 0.98+0.18 1.14 £ 0.0.04
Volume (cm?) 9.00+7.10 9.50 + 5.66 16.00 + 8.25 31.00+1.41 46.50 +3.53
Table 5: Table showing small intestine organ index.
Parameters Age Categories
Group A Group B Group C Group D Group E
Small intestine 5676.22 9643.75 9681.37 12546.05 12938.27
Duodenum 4.34 4.51 5.11 5.27 6.63
Jejunum 64.81 66.49 66.8 69.86 70.37
[leum 17.2 21.06 21.19 22.48 23.62
Pancreas 3.72 4.21 4.76 5.82 6.43
Table 6: Volumetric index.
Parameters Age Categories
Group A Group B Group C Group D Group E
Duodenum 2.62 5.52 5.59 8.06 8.44
Jejunum 37.35 59.45 63.64 66.46 100.23
[leum 19.91 22.57 22.81 24.84 35.36
Pancreas 2.78 4.45 4.97 8.72 10.71
Open Acc Res Anatomy Copyright © Aziz |
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The observed biometric study of small intestine of Red Sokoto
Goat was found to be progressively increasing with advancement
in postnatal ages. These results are in accordance with the findings
of [4]. Similar measurement was recorded by [5] in bovines, ovines
and caprine, [6] in pampas deer [7] in Giraffe. However, there is
variation in the mean weight, length, width, thickness and volume
of various intestinal segments that is duodenum, jejunum and ileum
with the jejunum had larger value compared to the duodenum and
ileum. These results were compatible with the result obtained by
Luay & Najlaa [8] in adult indigenous Gazelle and Sabuj et al. [9]
in white New Zealand Rabbit. But however, variations exist in the
value of duodenum and ileum in which the duodenum has lower
value than ileum in the present study which is incompatible with
the results of Luay & Najlaa [8] and Sabuj et al. [9] in which the
duodenum has large value compared to the ileum. These variations
may be due different in species use in carrying out the researches
[10-15].

Conclusion

It was concluded that the small intestine in Red Sokoto goat
is situated in the right ventral caudal area of abdominal cavity
which start from the pylorus and ended at the caecum in ileocaecal
junction [16-21]. It is composed of three segments (duodenum,
jejunum and ileum) the significant increase of length, weight, width
and volume was in the jejunum compared to duodenum and ileum
that have large biometric value in their thickness than the jejunum
at different postnatal ages [22-33].

Recommendations

Based on the above results it was recommended that further
studies should be conducted in different domestic species and
breeds, in Nigeria for the purpose of teaching and research all over
the world.
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