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Abstract- The  gross morphologic and
histomorphometric changes of the stomach
compartments: (rumen, reticulum, omasum and
abomasum) were studied by gross and light
microscopic methods. The fetuses were obtained
from the White Fulani cows slaughtered at the
abattoir in Ikpa Community market, Nsukka,
Enugu State. The age of fetuses were determined by
crown rump length method, while the total volume
of the compartments was determined by
displacement and flotation method. Grossly, the
rumen and reticulum (ruminoreticulum) had
smooth mucosal surface and beige in colour.
Microscopically, the wall comprised; mucosa,
submucosa, tunica muscularis and serosa. The
mucosa was lined by stratified squamous epithelium
which was divided into larger light staining luminal
and smaller dark basal zones in 96-day-old
fetus.Finger-like profiles of the basal zone with
lamina propria extended into the luminal zone in
GD 194 fetus.Theproprial papillae approached the
luminal surface in GD 242 fetus. The omasum on
the other hand,had a smooth gross mucosal surface,
which exhibited longitudinally oriented primary,
secondary, tertiary and quaternary laminae
microscopically. It was also lined by stratified
squamous epithelium which was divided into larger
lighter Iuminal and smaller darker basal zones in
GD 96 fetus. The basal zone developed lateral
evaginations (proprial papillae) into the lighter zone
of the laminae in GD 194 and GD 242 fetuses.The
core of the laminae contained inner circular and
outer longitudinal layers of the muscular tunic.
Grossly,the abomasum, had a mucosal surface
covered by slimy mucous material. The abomasal
wall displayed primitive folds and by GD 96 fetus,
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abomasal peak areas were observed on the fold
surface. At GD 194, the abomasal mucosal was
lined by simple columnar epthelium and gastric pits
were present. At the bottom of these pits, outline of
glands could be observed. The abomasum was
histodifferentiated into lamina propria-submucosa,
tunica muscularis and serosa. The luminal mucosal
surface was lined by simple columna epithelium.
The gross and histomorphomnetric measurements
of GD 96-242 fetuses were determined.

Index Terms-  fetuses, histomorphometri,
morphologic, stomach compartment, White Fulan

L INTRODUCTION

The White Fulani breed of cattle is the most
numerous of Nigerian cattle breeds and it has
socioeconomic importance and wide spread
distribution in several West African countries. Some
of these socioeconomic importance are; milk and
meats which are good sources of protein to man and
are of better quality than plant proteins. Bi-products
such as goat hair are good raw materials for making
leather goods, carpets, bags and ropes. These animals
serve as a means of foreign exchange earnings [1];

(2]

The population estimate of the White Fulani in
Nigeria, Cameroon and Central African Republic is
about 9,645000. The White Fulani are the most
numerous and widespread of all the Nigerian cattle
breeds, representing about 37.2% of the national
cattle population [3]. .Ecologically,the White Fulani
has good adaptive features which enables them strive
and survive in our locality with adverse climatic
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conditions. The White Fulani are trypanosotolerant
than the N'dama breeds [4]. [5] has suggested the
existence of a genetic basis for the resistance of
White Fulani cattle to intestinal helminthes as well. It
is also more resistant to dermatophilosisthan the
Muturu and N'dama breed ([6]. It is also heat tolerant
and hence has low respiratory rate and heat tolerance
index. It is the least stressed breed [4]

The White Fulani is a ruminant with a complex
stomach. This complex stomach is made up of four
compartments: the rumen, reticulum omasum and
abomasum. The relative sizes of the various
compartments as well as the capacity of the stomach
vary greatly with age, breed and species [7]. The
rumen and reticulum are related in structure and
function, hence are referred to as ruminoreticulum.
The first three constitute the forestomach or
aglandular part while the abomasum (true stomach) is
glandular and is comparable in structure and function
to other species [8]; [9]. All the compartments of the
ruminant stomach develop from a primordium that is
similar to the simple stomach except that it is
flattened laterally and the lesser curvature is convex
[7]. The first sign ofdevelopment is a long ovoid
dilatation, clearly seen in an embryo of
approximately7mm [10]. It is from this dilatation that
the compartments develop. The reticulargroove and
omasum correspond to the lesser curvature of the
simple stomach of other animals, the rumen and
reticulum correspond to the body of the simple
stomach while the abomasum develops from the
caudal part of the primitive spindle [10]. [11]
observed that in a goat embryo of 7.3mm crown-
rump-length (CRL), an oesophagealextention has
separated from the proper oesophagus by constriction
and later became the forestomach. Ruminants in
developing countries feed mainly on poor quality
plant materials, natural range land or pastures as well
as bushes, trees and crop residues whose availability
are very seasonal [12].

In many areas of Africa, the leaves and fruit of
indigenous fodder trees can be used to supplement
pasture grazed in the dry season. Many trees and
plants protect themselves against stress such as
drought, insect predators and microbial infections by
producing toxic compounds such as polyphenolics
and insoluble condensed tannins that adversely affect
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the host animal on their ingestion or microorganisms
of the rumen

The rate of development of the stomach in our
indigenous breeds may differ from that of the exotic
breeds, hence growth is influenced inutero and
postnatally by nutrition [13]. Reports on stomach
development on exotic ruminants abound [14].

There is paucity of information on the studies of the
prenatal morphologic and morphometric
development of the stomach using our indigenous
breeds, the White Fulani specifically, hence the need
for the study. The results of this work will provide
basic  anatomical information on  stomach
development in the White Fulani breed of cattle
during prenatal development.

1L MATERIALS AND METHOD

Experimental Animals

Fetuses were collected fresh from slaughtered White
Fulani cows at the abattoir in Ikpa community market
in Nsukka,Enugu State.

Chemicals and Reagents
Alcohol(70100%),Xylene,Bouin'fluid,Gycerine, Wate
r,Haematoxylin and FEosin, Paraffin wax and
Moultant.

Equipment

Weighing balance, Measuring cylinder, Meter rule,
Whte plane sheaths, Sample, containers,Thread,
Masking tape, Hand gloves, Dissecting set,
Microscopic  slides, Cover slips, Rotatory
microtome,Binocular microscope, Tissue Tech 11
embedding machine, Tissue wax infiltration machine,
Tissue basket, Tissue rappers, Embedding machine,
Embedding  block, Water bath,Thermometer,
Refrigerator, Sectioning machine, Diamond pen, HB
pencil, Digital camera, Moticamcamera, Occular
micrometer gauge.

III. METHODS

Fetuses collected were weighed using a weighing
balance to determine their weights. The fetal crown
rump length from the crown to the base of the tail
were measured using thread and a meter Tule. The
fetal ages were estimated by age prediction
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formula; X=2.5(Y+21)where X is the age in days and
Y the crown-rump-length in centimeters. The sexes
ofeach fetus were also noted at this point. The fetus
was then placed on dorsal recumbency and all the
four limbs pinned at various angles. The abdominal
region was exposed and dissected to obtain the
stomach compartments from the left flank. The
stomach compartments were ligated and dissected
out, weighed, and the volume measured by floatation
and displacement method [14].

Tissue Preparation and Light Microscopy

For histological studies, tissue samples of rumen,
reticulumn,omasum and abomasum were fixed by
immersion in bouin's fluid for 24hours. The bouin's
fluid contained 300ml of saturated ageous solution of
picric acid, 100ml of formalin and 20ml of glacial
acetic acid. Thereafter, the tissues were trimmed,
dehydrated in series of ascending alcohol
concentrations. They were placed in tissue cassettes
processed and embedded in paraffin. Sections of
about Spm thickness were cut, mounted on glass slide
dewaxed in xylene and dehydrated in series of
descending alcohol concentrations. The sections were
routinely stained with haematoxylin and eosin.

Slide sections were studied at x40 magnification
under the light microscope. Images were captured
using a digital camera Moticam 1000 1.3M Pixel
USB 2.0 attached to a computer.Papilary heights
were measured from their tip to the base of both
rumen and reticulum.Also,the thickness of the tunica
mucosa, tunica muscularis and tunica serosa was
measured using an ocular micrometer gauge afterits
calibration with stage micrometer gauge.

The values obtained Were subjected to statistical
analysis by one way analysis of variance and

separated by Duncan new multiple

range test using spss version 12.0. Significant
difference was acceptable at probability level,p<0.05.

IV. RESULTS
The results are presented in the following figures and

tables. The stomach of the first, second and third
trimester fetuses were displaced to the left abdominal
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cavity and exhibited four compartmentrumen,
reticulum,omasumandabomasum (Fig.1).

PSR

=

Fig 1: Gross features of GD 118 stomach showing
rumen (RU), reticulum (RT), omasum(OM) and
abomasum (AB).

Comparison between mean gross morphometric
parameters of the stomach of different age group.

In Table 1,there was a significance difference p<0.05
in the total compartment weight and total
compartment volume with corresponding increase in
gestational age.

Table 1: Comparison between mean gross
morphometric parameters of the stomach of different
age group.

Group | Total Total
(Interval | Compartment
of 50 | Weight

days)

(kg) Volume

(ml)

A 0.020+ 0.0 | 314+ 33 &
91-141
B 0.079+ 0,05 | 87.5+ 54, 7F
142-192
C 0.143+ 0.05= | 1383+ 53.9
193-243

Thesubscripta=significantdifference,ab=nosignificant
difference atp<0.05
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Comparison between mean histomorphometric 243 Thic 525 342575 + BAOE
parameters of the stomach of different age groups kness: 26
The papillary heights and muscular thickness showed M | 7.5+£2
significant difference between the age groups. These ucosa 49.9
parameters  increased  significantly(p<005)with T.Mu 21 150 + 70250 + 2(E8 7|
increase in gestational age. scularis 2.5+1
59.2
Table2: Comparisonbetween mean T.Ser 10 7.5+ 5352.5+ 5394.5
histomorphometric parameters of the stomach of osa +0.0
different age groups.
GRO MORP RU RET | OM | AB
UPS | HOLOG | MEN | ICUL | ASU | OMA V. RUMEN
(INT | ICAL (um) | UM M SUM
ERV FEAT (um) (um) | (um) The rumen was divided into dorsal and ventral sacs
AL URES by right and left longitudinal grooves externally and
OF (um) pillars internally.
50) Both sacs ended into blind sacs caudally. The rumen

A Papillar 125 354 +234.6% | - contained colourless slimy mucous fluid presumably

90- | y Height | £35.3 ==
141 "

Thickn
ess: 3125 +18007F 812625 + 1IATE + B3.8
T.Muc
osa
T.Mus 243. 2530 £91Z07.5/£ 11275 £ 62.9
cularis 1+138
4
T.Sero 229 g0+ 57835+ 43515+ 5.77
sa 7+15
9.1 Figure 2: Gross features of the rumen mucosa.
B Papill B8+ 54.0430 H204.9% | .

14 | ary Microscopically, the ruminal wall comprised of
7. Height stratified  squamous  epithelium  which  was
192 Thick differentiated into larger lighter luminal and smaller

ness: 97.6+ 6BTT.T + LEE4F108a + 356 2 darker basal zones. The lamina propria and
T.Mu submucosa were made of primitive mesenchymal
cosa cells. The tunica muscularis had inner circular and
T.Mu 86.0+ 5@B7.5+ 3530 | 5l.4+ 338 outer longitudinal layers of primitive blastemic cells
scularis 3415 covered externally by tunica serosa in fetus GD96
8 4 (platel). The dark basal zone was observed as

T Ser 60.6+ SEFEE L3631 523+ 284 undulations (proprial papillae)thrown into the light
osa 0+14 luminal epithelial zone. These undulations involved
02 the basement membrane and laminal propria. The

. . proprial papillae approached the luminal surface as

€ Papill 164499879 £548.27 - gestation progressed (plates 5 and 9).The epithelium

19 ary. comprised stratum corneum, granulosum,
2 Height spinosumandbasale. Both the inner and outer

longitudinal muscular layers had increased in

IRE 1710214

ICONIC RESEARCH AND ENGINEERING JOURNALS

thickness in fetus GD 242 (plate 3). The papillary

1003

298.¢

+426.8



© AUG 2025 | IRE Journals | Volume 9 Issue 2 | ISSN: 2456-8880

height and muscular thickness also increased
significantly with age as seen in (plates 1, 5 and 9).

VI. RETICULUM

Grossly, the reticulum was situated cranioventral to
the rumen. The ventral surface was demarcated from
that of the rumen by a transverse groove which did
not reach the dorsal surface.Ilt communicated with the
rumen through ruminoreticular orifice and contained
swallowed amniotic fluid in fetuses just like the
rumen.

Figure 3: Gross features of the reticular mucosa.

Histologically, the reticular wall was differentiated
into epithelium, submucosa, muscular and serosa
coats. The epithelium had larger lighter luminal and
smaller darker basal zones in fetus GD 96 (plate 2).
Regularly arranged reticular ribs between which were
irregularly arrangedproprial papillae were observed
projecting into the higher zone. The reticular ribs
involved the darker basal cells, basement membrane
and lamina propria with shallow grooves between the
reticular ribs the mucosal surface was wavy. By
GD194, the reticular ribs approached the luminal
surface and the groove depth increased (plate 6). GD
242 developed the primary reticular folds and the
papillae had erupted above the mucosal surface (plate
10).
VII. OMASUM

The omasum was located on the right side of the
rumen cranial to the abomasum and caudal to the
reticulum. The 1st trimester gestation fetus Gd 96 had
omasum with leaves stretching from reticulo-omasal
to omaso-abomasal orifices. The primary, secondary
and tertiary omasal leaves were identified depending
on their sizes. By 3rd gestational age (GD 242), the
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4th order omasal leaves were present. Slits-omasal
recesses were also observed.

Figure 4: Gross features of the omasal mucosa

Histologically, the omasal wall was divided into
inner primitive epithelium, middle blastemic layer
and outer serosa in GD 96-old fetus (plate 3). The
epithelium was divided into ligher luminal and inner
darker zones involving the basal epithelium,
basement membrane and lamnina propria (plates 7
and 11). Omasal leaves whose core hd lateral
evaginations (proprial papillae)were observed in GD
194 and 242 fetuses. The lamina propria and
muscularis mucosae extended throughout the length
of the omasal leaves (plates 7 and 11). The papillae
with coalesced base had emerged on the surface of
the omasal folds. The core of theomasal folds
contained central muscular lamina which originated
from inner circuar layer of tunica muscularis. The
central muscular layer of the omasal laminae
originated from inner circular layer (plate 11). The
muscular thickness was significantly higher(p<0.01)
in GD 242than in GD 194 and GD 96 (Table 2).

VIII. ABOMASUM

The abomasum lied in the ventral abdominal floor on
the right side of the rumen. It was flexed by a
transverse flexure into fundic and pyloric portions in
the fetuses. The mucosa had longitudinal folds whose
width and length increased in fetuses of GD 96, GD
194 and GD 242 in that order. The mucosal surface
was covered by slimy mucous material. The
abomasum also contained amniotic fluids in fetuses.
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Figure 5: Gross features of the abomasal mucosa.

Abomasal wall was differentiated into epithelium,
submucosa, muscular layer and serosa in fetuseswith
GD 96, GD 194 and GD 242. The luminal mucosal
surface was lined by simple columna epithelium.
Abomasal (gastric) pits and glands were observed
(plates4,8 and 12).The fundic glands were
differentiated into isthmus, neck and lower basal
portions. The isthmus was lined by simple cuboidal
and base by mucous,parietal and chief cells. Blood
vessels wereobserved at the base of the abomasal
folds (plates 8 and 12). Lamina muscularis mucosa
was separated into laminal propria from submucosa
and extended into the abomasal folds (plate
12).Abomasal pits were wider, deeper and lined by
simple tall columna epithelium on the surface in GD
242 fetuses. The depth of the abomasal pits
increased, abomasal folds were also larger (both in
thickness and height) Fhe

e were more n]aqu in the

Plate 1: Rumen section of Gd 96 foetus showing epithdlium
(EP),proprial nanillae( PP\.lamInanmqi a
tunicamusct :

Platg2:.Refiguluro_section of Gd 06 foe
epith

tunic

Plate4:Abomasal sectionofGd 96 foetus showing the
abomasal fold(AF),gland(GL),submucosa(SM), tunica
musculais (TM), tunica serosa (TS). H&E X40
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evagination(LE) and longitudinal layer (LL).H&E
X40.

Plate 5: Romen section of Gd 194 foetus showing
proprialpapillae (PP),epithelium (EP),
tunicamuscularis (TM), tunicaserosa(TS). H&E X40.

Plate 5: Romen section of Gd 194 foetus showing

_ proprialpapillae (PP),epithelium (EP), Plate8: Abomasal fold section of Gd 194 showing the
tunicamuscularis (TM), tunicaserosa(TS). H&E abomnasalfold (AF),submucosa(SM). H&E X40.

Plate 6: Reticulum section of Gd 194 foetus showing
epithelium(EP),reticular rib(RR), laminapropria (LP),
tunica

Plate9:Rumen secion of Gd 242 showing epithelium
(EP),propial papillae (PP), lamina propria (LP),
tunicamusculanis (TM) and tunica serosa(TS).

Plate 7:Omasal section of Gd 194 foetus showing the

omasal leave(OL),circular layer(CL), lateral
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Plate 10:Reticulamsection of Gd 242 showing
reticular nib (RR), laminapropria(LP)and
tunicamuscularis(TM). H&EX40

Plate 11:0Omasa section of Gd 242 foetus showing the
omasa leave(OL), cirtul.

Plate 12:Abomasad section of Gd242 showing the
abomasal fold(AF), gland layer(CL),lateral
evagination (LE) and longitudinal layer (LL). H&E
X40.

IX.  DISCUSSION

The results of this work provided baseline
information on the gross morphologic and
histomorphometric features of the various stomach
compartments of the White Fulani cattle during
prenatal development. The rumen and reticulum
(ruminoreticulum) shared similarfeatures because of
their functional relatedness as has been reported in
exotic ruminants [16]. Proprial papillae were
observed in fetus GD 96 and this increased
significantly in height and width as age increased.
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Histologically ,reticular ribs were oserved in
reticulum in the present study. This reticular ribs or
folds will eventually give rise to the honey-comb
structure of the reticulum. This agrees with the report
of [14] on the morpholocal changes in the reticulum
of the West African Dwarf goat. Microscopically, the
mucosa of the forestomach was lined by stratified
squamous epithelium which collaborates with the
reports of [17] on the Iberian red deer.

The gross and histologic observations seen in
omasum such as the omasal leaves from fetus GD 96
also increased significantly with age. This is in
agreement with the prenatal development of the
omasum in sheep and [18] in the Iberian red
deer.Theomasal laminae from whose core lateral
evaginations (primitive proprial papillae) projected
towards the surface wwere observed in GD 242
fetuses, these were rudimentary in GD 96 and GD
194 fetuses. These findings are in agreement with
those of [19] on Korean native goats and [18] on
Iberian red deer.

The abomasum consists of 3 layers: epithelial
layer,pluripotentialblastemic tissue and serosa in
early gestation fetuses. The abomasal wall thickness
increased significantly with age. The wall of the
abomasum displayed series of small undulations
(primitive folds) that increased in size and number as
the abomasum developed. In GD 96 fetuses,
abomasal glands were observed. This agrees with the
reports of [17] on the red deer.

Microscopically, abomasal glands were observed, the
epithelial surface was covered by simple columna
epithelium. At GD 194 to GD 242, abomasal pits
were seen and at the bottom of these pits,glands were
clearly distinguished. At GD 96 fetus, two distinct
muscle layers were already formed (inner circular
and outer longitudinal layers). This also agrees with
the report of [17] on the Iberian red deer.

CONCLUSION

In conclusion,these results presented basic
anatomical information on the development of the
stomach during prenatal development in White
Fulani cattle. The White Fulani Fetal stomach had
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smooth mucosal surface while the abomasum
exhibited folds. Histologically, their wall comprised
the mucosal, submucosa muscular and serous tunics.
The forestomach mucosa was lined by stratified
squamous epithelium which was divided into larger
lighter luminal and smaller darker basal zones. There
were precursors of papillae (proprial papillae) which
approached the luminal surface with increasing fatal
age. The lamina propriac contained abomasal glands
in GD 96-242 fetuses. The mucosal, muscular and
serosal thickness increased significantly with increase
in gestational age.
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