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The morphological characters of the ruminant stomach are pertinently reviewed
in some textbooks. Furthermore, some information is also available on the pre-
and7postnatq};development of ruminant stomachs. However, particular emphasis has so
far been laid on the morphological development of the forestomach with little
emphasis on the morphological development of the abomasum during the pre-and
postnatal period. The abomasum in the ruminant is a part equivalent to the fundic
and pyloric gland regions of the simple stomach in other mammals, markedly different
in structure from the forestomachs, rumen, reticulum and omasum, which are all devoid
of the glands. The abomasum has several spiral folds in its inside. 'Histological
observation reveals that the spiral folds are provided with gastric pits and glands
on their surface, just similar to the glandular stomach in other mammals. 1In this
study, the contributions dealing with macroscopic structure have been based mainly
on in situ observations of the formalin-hardened stomach and surrounding vicera, and
those dealing with microscopic structure have been based mainly on observations by
light and electron microscopy. Especially, for macroscopic observation, we used a
new method by which the gastric casts were produced by injection of synthetic resin
into alimentary canal through the esophagus. This method is thought to be advan-
tageous in understanding the proportions of the stomach.

The present study was undertaken to elucidate in more detail the developmental

patterns of the bovine abomasum: (1) Morphological development on the basis of
resin-casts, (2) Morphometrical development on the basis of the resin-casts,
(3) Ontogenetical development with particular notes on the early development,
(4) Histological development with particular notes on the gastric mucosa, (5)
Structural development of the inner surface of the mucosa.

The results obtained are as follows;

Morphological characters: In the 3-month fetal age, there was a slight swelling

(diverticulum ventriculi) in the rostral end of the abomasum of the resin-casts.
This swelling was a negative image of a diverticular prominence of the abomasum,
gradually enlarging with age. 1In our series of fetuses, this swelling diverticulum
was clearly noted to develop in 7 or 8-month fetal age in such a fashion that it was
separated by a deep incision ( a plica in reality ) from the main part of the
abomasum. Macroscopic examination of fresh or formalin fixed materials exhibited
no demarcation between the prominence and the abomasal body because of the covering

of the smooth serous menbrane. Microscopic observation of this part, however, revealed
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that a plica, which appeared as a deep incision in the resin-cast, protruded into
the abomasal lumen, consisting of mucous membrane involving muscular layer without
the serous membrane, a phenomenon disturbing the recognition of the plica from

the observation of the proceeding authors.

Morphometric development: Morphometric data had a statistically significant

correlation with each other as well as a significant correlation to the body length
(C.R.L.) of animals, suggesting that the known size of animals enables us to estimate
the following sizes (1),(2), and (3) of their abomasus: (1) the distance between

the cranial and caudal tips, (2) the distance between the left: dnd right walls, (3)
the distance between the dorsal and ventral surfaces. The numbers of the plica
spirales abomasi always showed constant ranges (12-19) during fetal‘and neonatal life
in this investigation. Therefore, the abomasum always showed a stable growth pattern.
Futhermore, the volume changes as well as the weight changes in the abomasum, were
studied. These changes were expressed as per cent changes against the entire stomach
volume and weight. The weight of the empty stomach comprised over 1.8% of the entire
fetal body weight in early development, followed by a subsequent per cent decrease
until the end of gestation when it was approximately 1.1%Z. 1In the early fetal period,
the rumen was the largest of four stomach compartments in both volume and weight

per cents of the entire stomach. However, the time when the weight per cent

of the rumen and that of the abomasum reverse may fall in the period of 6-month

of fetal age. The time when ‘the volume per cent of the rumen and that of the abomasum
reverse may fall in the period of 6.5 to 7-month of fetal age. At full term and
birth, the abomasum was the largest in both weight and volume. The abomasum weight
was about as much as the combined weight of the rumen and reticulum, and the abomasum
volume was twice to three times as iarge as the combined volume of the other

compartments.
Ontogenetical and histological development: 1In a fetus 2.3 cm in length (

estimated to be 1 month old), the pfimitive stomach was situated in the oblique
position just at the back of the huge liver, which occupied the most part of

the cranial abdominal cavity. The rumen was already present in the craniodorsal
portion of the stomach. It was not yet divided into sacs, dorsal and ventral.

The reticulum was separated from the rumen in the cranioventral portion of the
stomach. The omasum was separated indistinctly from the ventral side of the reticulum
on the right side of the median plane. The abomasum became a separated compartment
situated caudoventrally to the omasum on the median plane. It showed differentiation

into an expanded cranial and narrowed caudal portion. The inner surface of the

abomasum was lined with pseudostratified colummnar epithelial cells of low
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differentiation. Only simple columnar epithelial cells were seen in the abomasum
of fetuses 13-14 cm in length (estimated to be 3 months o0ld). Simple columar
epithelial cells containing numerous glycogen granules were noticed first at the
tip and then on the side of folds. Primitive gastric pits were first formed when
the gastric epithelium became colummar. In this stage, immature surface epithelial
cells were columar as were so gastric pit cells, and contained elongated oval
nuclei situated apically. This polarity was reverse to that in the adult abomasal
epithelium, where the nuclei were situated basally. In fetuses of 24-35 cm in length
(estimated to be 4~4.5 months o0ld), the cell nuclei were situated basally in the
epithelial cells of the corpus region. At the bottom of each pit appeared cuboidal
cells, instead of columnar cells, as undifferentiated gland cells (of primitive
gastric glands). Mucous neck cells could be recognized in fetuses 43-45 cm in length
(estimated to be 5-6 months old). Alcian blue-positive materials were distributed
at the bottom of gastric glands. Immature mucous neck cells were similar to chief
cells in fine structure. " In the latter half stage of development, the mucous-positive
region disappeared from the basal portion of gastric glands because of the appearance
of non-mucous cells. Chief cells could be recognized at the bottom of gastric glands
in fetuses 58-65 cm in length (estimated to be 6-7 months old). They were
characterized histologically by the presence of rather large non-mucous secretory
granules. Ultrastructurally, they contained more extensive rough-surfaced
endoplasmic reticulum than any other epithelial cells. Parietal cells could be
recognized in a 48 cm long fetus (6 months old). Cardiac gland cells could be
recognized near the omasoabomasal opening in a fetus 52 cm in length (estimated to
be 6 months old) because of the appearance of typical cuboidal mucous cells and
alcian blue positive materials in cytoplasm. Pyloric gland cells appeared to have
developed in fetuses 16-18 cm in length (estimated to be 3-4 months old), judging
from the appearance of typical. light mucous cells and the presence of materials
positive for PAS and digestible with diastase in the cytoplasm. These cells were
increased rapidly in number at the pyloric antrum. They reacted positively to
alcian blue-or high iron diamine- staining in fetuses 46-52 cm in length (estimated
to be 5-6 months old). Endocrine cells could be found already in a fetus 13 cm in
ength (estimated to be 2-3 months old) at the bottom of primitive gastric pits. The
tunica muscularis mucosae, separating the propria from the submucosa, first appeared

as an accumulation of oval smooth muscle cells in the connective tissue of corpus

region in a fetus 14 cm in length (estimated to be 3 months old) and of the pyloric
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region in a fetus 26 cm in length (estimated to be 4 month old). The :tunica
muscularis consisting of an inner circular layer could be recognized in a fetus 2.3
cm in length (estimated to be 1 month old ), which was the smallest fetus in this
study, and that consisting of a longitudinal layer appeared in a fetus 4 cm in length
(estimated to be 1-2 months o0ld). There was a steady increase in the width of the
muscularis, especially in the pyloric region, throughout fetal .life.

Abomasum in neonatus: The abomasum was an elongate sac. It was the largest of

the four parts of the stomach. The body of the abomasum lay chiefly on the abdominal
floor to occupy the entire half of the abdominal cavity. The rumen was onthe left
side of the abomasum. The reticulum was at the left cranial extremity of the
abomasum. The omasum was on the right dorsal side of the abomasum. The posterior
point of the abomasum reached the sixth lumber or a more caudal vertebra, and that
of the rumen reached the third or fourth lumber vertebra. The inner surface of the
abomasum had many mucosal folds (Plicae spirales abomasi). These folds were close
to the omasoabomasal opening (Ostium omasoabomasicum) and slightly oblique .in several.. .
directions toward the pyloric region. The nuﬁber of folds was always within a
constant range. The omasoabomasal opening was flanked by two folds of the vela
abomasica. The resin-casts of the abomasum had several linear engravings showing
the images of mucosal folds. These folds were divided into three main types by

the direction. The fifst type ran forward to the fundus abomasi and backwatd to the
bottom of the abomasal body. The second type ran obliquely toward the right surface
of the abomasal body(Facies parietalis). The third type crossed the lesser
curvature, running obliquely toward the left surface of folds ran spirally against
the long axis of the abomasum. Histologically, the abomasal mucosa had numerous
géstric pits, the bottom of which continued to glands. The laminajpropria was among
‘the goands, the bottom of which reached the muscularis mucosae. The abomasal mucosa
was composed of three different regions, cardia,fundus-corpus, and pylorus,as was
the gastric mucosa in other mammals. The inner surface of the abomasal mucosa was
lined with surface epithelial cells anf gastric pit cells both of which were tall
columar cells with oval nuclei in the basal portion of the cytoplasm. These cells
were positive for the PAs:reaction in the supranuclear region. With AB and HID,
they occasionally were positive. This reaction was less intense than the PAS re-
action. These cells contained mainly. Alittle amount of sialo-srlfomucin was
‘noted in the surface epithelial cells. Some pit cells were positive for the HID
reaction inthe supranuclear region. They contained sulfomucin. In the corpus region,
there were mainly three types of exocrine cells in gastric glands. Mucous neck

cells were distributed in the neck region of the gland. With HID-AB, they were

stained gray in a narrow zone of the neck region. They contained sialomucin. They
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were not HID-positive. Chief cells were distributed mainly at the bottom of :the
glands. They were stained dark red by trichrome staining. Ultrastructurally, they
contained numerous secretory granules in the supranuclear region. Histologically,
however, their cytoplasm was not basophilic .as found in the adult. Parietal cells
were widely distributed mainly in the body or at the bottom of the glands.

They were stained red by HE staining and pale red by trichrome staining. i
Ultrastructurally, they were large in size, containing an nucleus oval or round
located at the center of the cell body. They were characterized by the presence of
numerous non-granular mitochondria and well-developed intracellular canaliculi in
the cytoplasm. Histochenically, the chief and the parietal cells were devoid of
demonstrable mucosubstances. Cardiac gland cells were recognized limitedly near

the omasoabomasal opening. They were stained dark purple by PAS-AB s?aining. They
were not HID-positive. They contained sialomucin. Pyloric gland cells were distributed
widely in the antrum. They appeared to behypical mucous secretory cells, which
comained a nucleus located in the basal part if each cell. Histochemically,they were .-
stained dark purple by PAS-AB and black by HID staining. They contained sialomucin
and sulfomucin. Endocrine cells occupied a small)portion, scattering among the
other gland cells. They were characterized by a large number of granules of various
sizes scatteringjall over the cytoplasm.

The lamina propria mucosa separated the glands distinctly from one another. It
contained some collagenous fibers forming a wide network surrounding the glands.

It was rich in blood vessels. Beneath the glands, there was a thick tunica
muscularis | mucosae separating propria from submucosa. The tela submucosa consisted
of stark elastic and collagenous fibers and contained numerous nerve fibers and
blood vessels. The lamina muscularis consisted essentially of two layers or an
inner circular and a longitudinal layer, of smooth muscles cells. It increased

in thickness toward the pyloric region. Topographycally, the inner circular layer
developed especially around the omasocabomasal opening, where it connected with a
pila omasi.

The developmental pattern of inner surface structures : Plica spirales were

already formed as waﬁy spiral folds which had many fine wrinkles (1.5 - 2 months of
fetal age). Thereafter, the surface of the folds tended to be split into many
straight longitudinal ridges (3 - 4 months of fetal age). On each straight ridge,
shallow constrictions appeared from place to place and were increased in number,
eventually subdividing the ridge into independent swellings. The lamina propria
showed the honeycomb-like networks, among which deep holes were formed (4 - 5 months

of fetal age). The subdivided swellings of the ridges were progressively komplicated

in shape, appearing as well-defined, sandbag-like hillocks. The hillocks gradually
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turned to be slender and shaped irregularly, probably owing to their numerical
increase. The honeycomb—likelnetworks of the lamina propria became finer than before
(5 ~ 7 months of fetal age). The hillocks were gradually lengthened and thickened,
and appeared to be gradually swollen and approached each other in various manners.
In some cases, four hillocks were fused to make a quadrilateral framework, in the
. center of which adeep hollow was left. In some other cases, two or three hillocks

were oppressed and disappeared, just leaving deep hollows here and there (7 - 9

months of fetal age and neonatal age).
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Table'l

Crown-rump lengths of bovine fetuses and neonates used in chapters 1,2,4,

. MATERIAL No.

R1
R2
R3

R
RS
R6
R7
R8
RS
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
® R22
R23
R24
R25
'R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
R41
R42
R43
R&4
R45
[ ] R46
» R4T
R48

o

C.R.L. (cm)

80
74
82
81
58

- 95
34
90
94
95
105
55
74
100 -
65
85
60
63
61
59
38
60
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35
80
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85
50
74
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60
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Crown-rump lengths of bovine fetuses and neonates used (2)

. MATERIAL No. C.R.L. (cm) B.W. (Kg) Sex
R49 70 25.0 M
R50 66 14.0 F
R51 - 76 30.3 - F
R52 78 31.0 - F
R53 - 46 5.0 F
R54 41 5.0 M
R55 75 25.0 M
R56 47 6.0 M
R57 : 69 15.2 M '
R58 80 24.0 M
R59 ' 70 16.0 M
R60 80 21.2 F
o ‘ R61 72 24.0 M
A R62 - - 44 6.0 F
R63 89 34.5 M- Newborn
R64 90 35.5 M Newborn . - .
R65 93 38.0 M Newborn
R66 96 51.0 M Newborn
R67 60 14.2 F
R68 95 44.0 F Newborn
R69 103 49.0 M Newhorn
D R70 93 36.5 M Newborn
R71 96 44.0 F Newborn
R72 ' 83 26.0 M
R73 , 48 6.0 M ¢
R74 75 21.0 M
R75 110 42,5 M Newborn
R76 79 25.5 M
R77 74 21.5 F
R78 ; 43 4.5 F
R79 91 27.8 M
R80 92, 37.5 M Newborn
R81 90 ' 34.0 F
R82 . 40 “3.5 F
R83 42 3.6
R84 95 _ 36.0 M Newborn
R85 25 0.8 M
R86 80 24,5 M
R87 : 77 ' 22.0 M
R88 75 27.5 F
~ R89 39 4.5 F
R90 68 ‘ 13.5 F
R91 : 65 12.6 F
' R92 - 87 44.0 M
. R93 19 0.5 “F .
R94 © 52 7.8 F
R95 : 32 2.8 M
-~ R96 : 91 42.0 - F
- R97 , ... 86 30.5 F
31.0 M

R98 - 89




Crown-rump lengths of bovine fetuses and neonates used (3)

.- MATERIAL No. C.R.L. (cm) B.W. (Kg) . Sex
R99 84 25.8 M
R100 87 33.5 M
R101 72 21.5 M
R102 100 47.5 M
R103 38 3.6 F
R104 - 80 24.5 F
R105 63 15.1 M
R106 47 6.0 F
R107 75 20.0 F )
R108 39 3.6 F
R109 75 20.5 - M
R110 50 6.2 F
R111 35 3.0 M
y R112 ;- . 65 16.0 F.
R113 62 14.9 M
R114 52 8.9 F
R115 - 56 19.7 M
R116 50 6.2 M
R117 60 12.0 M
R118 35 2.4 M
R119 52 10.0 F
. R120 20 0.6 M
R121 ) 56 8.5 F
R122 42 4.1 M
R123 28 1.3 F.
R124 23 0.8 M
R125 60 13.0 M
R126 27 1.0 M
R127 100 42,0 F
R128 83 34.0 M
R129 47 - 5.5 F
R130 - 53 8.8 M
R131 77 24,5 'F
H1 . 62 21.0 M
H2 60 16.5 F
H3 91 41.0 M
H4 67 18.0 M
H5 : 60 12.0 M
H6 80 35.0 . M
H7 71 32.5 F
H8 37 3.1 F
H9 795 25.6 F -
H10 47 6.5 M
- Hl11 39 4.0 M
o H12 : o 42 - 5.4 F
. : H13 . .73 26.3 M
H14 . 73 23.0 M
H15 o 68 15.9 F
H6 . . 32 2.0 M
3.2 M

e

S

H17 ‘. 96




Crown-rump lengths of bovine fetuses and neonates used (4)

® arErRIAL No. C.R.L. (cm) B.W. (Kg) Sex
H18 59 10.7 F
H19 82 30.1 F
H20 - 23 0.7 M
H21 82 32.0 M
H22 . 63 14.5 F
H23 94 37.0 M Newborn
H24 47 5.7 F
H25 85 35.5 M Newborn
H26 " 80 29.0 F Newborn
H27 52 7.5 F '
H28 75 23.5 M
H29 95 40.8 F
H30 70 14.5 | M
H31 ‘ 64 13.5 F
H32 54 7.5 M-
H33 89. .. 31.2 F A
H34 29 1.6 M
H35 82 32.0 M
H36 96 40.8 M
H37 85 30.6 M
. H38 76 22.5 F
H39 37 3.1 M
H40 27 0.9 F
H41 49 5.6 F
H42 18 0.4 M
H43 40 4.6 F
H44 47 5.5 F
H45 42 3.8 F
H46 44 4.1 F
H47 “11. 0.1 F
H48 20 0.6 M
H49 36. 4,2 M
H50 90 46.0 M Newbomn
H51 . 87 31.7 F o
H52 100 50.5 M
H53 34 2.0 M
H54 16 0.2 F
H55 66 11.3 F
H56 " 74. 26.3 F
H57 77 20.8 M
H58 L 72 22.3 M _ _
H59 21 0.6 F
H60 " 20 0.6 M
H61 20 0.5 M
» H62 17 0.2 F-
H63 18 0.1 M
H64 : 17 0.2 F
H65 o .32, 2.8 F
H66 35 2.2 F
. H67 , 62 11.8 F
H68 . 72 17.5 F -
3.9 F

.38




Crown-rump lengths of bovine fetuses and neonates used (5)

. MATERIAL No. C.R.L. (cm) B.W. (Kg) Sex
H70 66 18.3 M
H71 65 17.1 M
H72 52 9.1 F
H73 95 41.0 M
H74 58 12.4 M
H75 - 56 10.4 F
H76 39 4.1 M
H77 27 1.4 M
H78 28 1.3 F )
H79 31 3.2 M
H80 30 2.1 F
H81 55 6.6 F
H82 17 0.2 M
H83 . . 85 35.0 M-
- H84 48 5.0 M
H85 48 5.4 M
H86 .. 37 2.9 M
H87 34 2.5 F
H88 14 0.1 F
H89 33 2.0 M
HI90 88 34.0 F
. H91 63 13.0 F
H92 72 18.0 F
H93 69 16.0 M
H94 66 13.0 F
HI95 61 14.0 M
H96 60 10.0 M
H97 47 6.0 M
H98 : 94 47.0 M
H99 52 6.8 M
H100 » 46 6.0 M
H101 : 26 1.3 F
H102 80 32.0 M
H103 A 48 6.5 M
H104 83 31.2 F
H105 47 12.5 F
H106 50 11.5 M
H107 55 8.5 F
H108 36 2.5 M
H109 47 7.8 F
H110 31 - 2.9 M
H111 o .35 3.1 M -
H112 56 11.0 F
H113 66 15.0 F-
~ H114 : 90 43.0 F
D H115 84 27.0 M
_ H116 59 12.5 F




Crown-rump lengths of bovine fetuses and neonates used (6)

@ MATERIAL No. C.R.L. (cm) B.W. (Kg) Sex
H117 58 22.0 M
H118 75 23.0 F
H119 24 0.1 F
H120 28 1.8 M
H121 . 54 8.0 F
H122 80 25.0 F
H123 . 62 13.0 F
H124 : 60 9.5 F
H125 86 26.0 F
H126 94 35.0 M
H127 72 19.0 M
H128 80 22.0 M

- Crown-rump lengths of bovine fetusesused in ““¢Hapter 3
MATERIAL No. C.R.L. (mm) B.W. (g)

. El 90.0
E2 95.0

E3 23.6

E4 30.5

E5 81.3

E6 60.5

: 87.3

93.9

98.4

99.3

100.2
130.0
121.5
134.6
122.7
32.0

83.7

98.5

45.4 6

23.3 1.
23.4 1
22,5 0.
46.4 5.

54.4 8.

-~ 23.9 . 1.
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45.7 - 5
63.4 9
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Crown-rump lengths of bovine fetuses used (2)

|| MATERTIAL No. C.R.L. (um) B.W. (g)
E33 ' 61.5 12.2
E34 34.5 3.3
E35 105.0 51.4
E36 100.0 33.7
E37 _ 80.0 33.1
E38 o 92.3 38.5
E39 68.6 18.8
E40 46.3 5.4
E41 , 106.2 55.6 .
E42 " 75.3 20.5
E43 75.9 19.5
E&4 . 49.6 8.9
E45 31.8 3.9
E46 - 97.2 42.5
E47 110.7. 49.6
E48 87.5 28.8
"E49 - 33,27 "6.b o
E50 35.6 7.8
E51 134.2 113.0
E52 _ 128.7 109.6
E53 120.0 72.8

D ES4 74.0 19.8
E55 T 17.3 0.9
E56 19.4 1.1
ES7 140.3 152.3
E58. 111.0 67.1
E59 42.3 8.5
E60 122.5 89.0
E61 125.0 97.0
E62 112.0 72.0
E63 74.0 22.3
E64 ' 45.1 8.0




Table 2

:YbThe relative position of the ’ fumen " (’ cardia, ‘*Gacchs ‘cacus cdudodorsalis;:
hrligieRCs )Y retiCulum (“#*faétes Hiaphragmatica"F D), and ‘sbomadum  (**
' pars pylorica, P P. ) in the ‘abdominal cavity in’ increasing order "of-C.R.L.

during fetal and neonatal period. R

C.R.L. Rumen I Reticlum -i Abomasun
Con) — ST
Cardia | s.c.c. |  P.D. ] P.P.
1 ] . ¥
28 | oryior | sz i 71,81 b sn,4z
36 10T § 61 § 8T E 51,61
37 97,107 i 6I- i 8rT,9T I 6L
42 ] mr 0 e I oor i ere
46 107, 11T i 61~ § 9, 101 § 6I-
47 107,117 | 6I- { 91,101 i 6L~
48 10T | 5L,6L | 9T, 10T E 6L
50 10T E' 6L~ § 8T ; 6L-
60 9T, 10T § 51,61 i 81,97 i 5L,6I
72 127 | 5L i 10m L en-
80 17 | 5T, i on -
83 h 10T, 11T i 31,45 g 81, 97 ; 61~
Ao Lover /T S/ 97 ‘ 128 (28
:" :caudal end T: Tharacic vertebra
. :cranial- end : L: Lumber vertebra

®:caudal end




( Table 3:)

Crown-rump lengths énd body weights of bovine fetuses and
neonates used for the morphometrical study, and data for
the volume of the stomach

Material No. - C.R.L.(cm) B.W. (Kg) ‘ Average vol. (ml)
1 (R120) 20.4 0.6 19.9
2 (R85) 25.0 0.8 81.0
3 (R123) 28.3 1.3 79.8
4 (R46) 35.8 2.9 250.0
5 (R56) 47.1 6.0 472.0
6 (R94) 52.0 7.8 394.0
7 (R40) 55.0 8.0 653.9
8 (R121) 56.0 - 8.5 643.0
9 (R17) ' 60.4 15.0 1457.9

10 (R105) 63.0 15.1 1378.0
11 (R77) 74.0 21.5 2262.0
12 (R1) 80.0 - 24.0 1769.2
13 (R4) 81.0 26.0 2552.9
14 (R72) 83.0 26.0 2912.8
15 (R99) : 84.0 25.8 2039.9
16 (R27) TR 85.0% 34.0 4149.5 -
17 (R8) w0 90,0%: 36.0 = 2941.5
18 (R69) , 103.0% 49.0 6077.8
19 (R75) . 110.0% 42.5 5566.1
* Newborn
( Table 4 )

Volume of stomach in increasing order of C.R.L.
during fetal and neonatal period.

Material No. Rumen ' Reticulum Omasum Abomasum (ml)
1 14.0 1.0 420 0.9
2 60.0 5.0 10.0 6.0
3 64.0 3.8 8.0 4.0
4 160.0 10.0 50.0 30.0
5 178.0 - 28.0 32.0 -102.0
6 175.0 18.0 60.0 . 141.0
7 227.6 25.3 65.0 '136.0
8 297.3 38.0 75.0 233.3
9 748.0 52.3 125.3 532.3

10 471.0 37.0 121.0 - 749.0
11 550.0 50.0 142.0 1520.0
12 450.3 38.6 157.6 1122.6
13 A . 766.6 68.3 142.6 1575.3
14 790.0 86.8 143.0 1892.0
15 623.0 35.6 128.0 1530.0
‘16 . 557.3 61.6 ©* 165.6 3365.0
17 577.0 135.3 : 106.6 2122.6
18 1236.0 156.6 166.3 : 4524.1

19 , 1298.6 269.3 182.6 3815.6




5)
Percentage of volume of stomach in increasing order of

( Table

during fetal and neonatal period t

C.R.L.

Percentage of ruminant stomach %)

Material No.

Omasum Abomasum

Reticulum

Rumen
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( Table 6 )

Cranio-Caudal length (C.C.L.), Left-Right length (L.R.L.) and Dorso-Ventral

length (D.V.L.) of abomasum in increasing order of C. R. L.

(cm)

L.R.L.(2) D.V.L.(3)

C.C.L.(1)
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( Table 7‘)

Weight of stomach in increasing order of C.R.L.
during fetal and neonatal period

Material No. C.R.L. (cm) Rumen Reticulum Omasum Abomasum  (g)
1 24.0 6.4 1.4. 4.9 4.1
2 - 26.0 10.1 2.1 6.4 4.6
3 28.0 17.7 2.5 9.6 6.8
4 31.0 20.0 3.5 16.0 10.0
5 35.0 20.0 4.0 13.0 11.5
6 36.0 21.5 4.1 16.6 12.4
7 46.0 39.0 9.0 ©32.0 26.0
8 47.0 39.3 7.5 22.7 21.2
9 47.0 39.4 9.6 24.1 39.4

10 48.0 31.0 7.0 27.0 28.5
11 48.0 32.0 8.0 26.0 28.0
12 50.0 56.0 14.0 33.0 62.0
13 52.0 47.0 11.0 38.0 31.0
14 54.0 52.5 21.8 32.3 39.7
15 56.0 49.0 10.0 34.5 48.0
16 58.0 ‘ 72.8 ..17.3 43.8 85.8
A7 - --59.0. - 70.5 14.7 59.4 - 70.5
18 66.0 - 70.0 - 12.0 53.0 65.0
19 75.0 87.9 15.6 59.9 79.9
20+ 8040 120.0 -27.0 68.0 116.0
21 83.0 105.0 24.0 78.0 116.0
22 84.0 94.6 22.2 62.3 110.0
23 94.0 195.0 28.4 75.0 220.0
( Table 8 )

percentage of weight of stomach in increasing order of
C.R:L. during fetal and neonatal

period.
Material No. Percentage of ruminant stomach (%)
Rumen Reticulum Omasum Abomasum
1 38.0 8.0 29,0 24.0
2 44.0 8.0 28.0 200
3 48.0 7.0 26.0 19.0
4 40.0 7.0 32.0 2040
5 410 8.0 27.0 24.0
6 39.0 8.0 30.0 23.0
7 370 8.0 30.0 25.0
8 430 8.0 25.0 23.0
9 350 9.0 21.0 35.0
10 330 7.0 29.0 30.0
11 340 9.0 28.0 30.0
12 34,0 8.0 20.0 38.0
13 37.0 9.0 30.0 24.0
14 36.0 15.0 22.0 - 27.0
15 35.0 - 7.0 24.0 34.0
16 33.0. 8.0 20.0 39.0
17 33,0 7.0 28.0 33.0
18 35.0 6.0 27.0 33.0
19 36.0 6.0 25.0 33.0
20 36.0 8.0 21.0 35.0
21 46.0 11:0 3%4.0 51 .0
22 33.0 8.0 - 22.0 38,0
' 5.0 14.9 4240

N
W

38.0




Table 9

Histochemical properties of mucous cell on the abomasum in the bovine neonates

Gastric region Cell observed Stainability ‘ Mucous main property

PAS AB HID

Surface

epithelial + -% + Neutral and sulfomucin
Cardiac region cells

Cardiac

gland + + - Neutral and sialomucin
cells

Surface

epithelial + -% +* Neutral and sulfomucin
cells

Corpus fegion Mucous
neck cells + + - Neutral and sialomucin

Chief
and
Parietal - - -
cells

Surface

mvwn:mwwmw + -* +* Neutral and sulfomucin
Pyloric region cells . .

Pyloric

gland + + + Sialo and sulfomucin
cells

AS = . . S * Inconsistent
PAS = PAS digestion with diastase AB = Alcian blue (pH 2.5)

a 3 1
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