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INTRODUCTION

The domestic duck Anag platyrhyncos demasticus was
derived through domzstication of Mallard, Anas platvrhyncos,
native to Eurcpe, Asia, Nerth Africa and North America.
Ducks have a long history as established members of the

farmer’s llvestock..

India has secured a placs of prominence in the poultry
map of the world ceming within the top 13 poultry producing
countries. Houever, the status of ducks in our ecuntry,
either for egg production or meat, has virtudlly remained
static during the last one and a half decades as compared

to the phenomenal progress in chicken rearing.

Bucke in our country are mainly maintained for egqg
production and spent ducks and surplus drakes are the only
source of duck meat. Ducks are second to chicken as far as
table egg production is concerned. In India ducks are
mainly distributed in the eastern and southarn Stutes, of

.wWhich West Bengal occupies the first placs and Kerala the
slxth. According to the 1982 census, the duck population
in Kerala was 5.3 lakhs which is 3,5% af the‘state's poultry

population.

The agro=climatic environment and the wide stretching
coastal belt form a natural gift to Kerala State which is
ideal for duck rearing. Duck farming in Korala is found to

be a remunerative enterprise, since it dces not require
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alaborate housing, necessitates only low capltal investment,

brings quick return £rom outlay.

Nearly & dozen breeds of ducks are available, of which
Khaki Campbell and Indlan Runner are important laying types
and Aylesbury and Pekin are gooed table breeds.

It_is well known that management précticea'of any
particular specles cof animal or bird dspend entirely on the
gtructure and functions of varlous parts of the body.
Corresponding to diverse adaptive variastions in types of
nutriticn, the individual parts of the digestive tract vary
extensively in form and functionse. Thé feeding p;actice
and the food stuff vary greatly batween domegtic fowl and
the duck. A comprehensive knewledge on thae structure of
the digaestive tract of duck.is;;;cesaary pralude £or tha
proper understanding of their functional pecullarities. A
perusal of the availlable literature raveals that there has
not been a gystematlec and detailéd study on the structure
and developmont of gastrointestinal tract of duck. Hence,
the aim of the present experiment is an endeavour to carry
out morphclogical and histological studies on the upper
digestive tract in the duck at vérious stages of postnatal

davelaopment. .
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REVIEW OF LITERATURE

Hallsworth and Coatas (1962) 1p their study on the
internal volunes of different parts of the alimentery tract
of £awl and goose chserved that tha gut capacities increased
rapidly reaching a maximum in relation to body weight within
the £irst fortnight atter hatching. At 16 wesks, the capa-
clicy of alimentary canal had almest the same relation to
body wedight as in the adult. Crempton and Walters (1979)
studicd the growth ¢£ the alimantary-tract of male domestic
fouls, from the dry weight of the whole and component parts
of the tract, frem hatching to 10 weeks of age. Baranylova
gt al. (1983) found that the greaﬁeat live bedy mass increase
was in the £1fth week in Whits Pekin ducks while during the
third week of post hatch the'actual mass of whole gastro-
intestinal tract recorded the maximum rate of growth, In'
the order of decreasing contribution to the growth of gastro-
1ntestina1 tract, 1ntest1ne predominated over glzpard while
the contributions of casophagus, crop and proventriculus

were negligible,

The gross and microscopic anatomy of ﬁhe digeative
gystem of the fowl have been studied by Calhoun (1954),
Bradley and_Grahame {1960), Hill (1971), Ziswiler and Farner
(1972}, Hodges (1974) and McLelland (1975). Das et al.
(1965) have givan an insight into the comparative anatomy
of the digestive systaem of the domestic duck,



The tongue of domestic duck has bheen reported to be
spatula shaped with a median greove on the dorsal surface
and a smocth prominence near the rocte THhore ware LWe rows
of caudally directed pointed paplllas at the root of the
tongue demarcating the limit of the cral cavity (Das et al.,
1965)+ The histclogical'structure,of the tengue of duck
had bceen investigated hy Biswal and bas (1967) and Raoc and
Hafeozuddin (1988). Biswal and Das (1967) cbserved the
prasence of fungiform papillae on the tongue of duck and
£ibrocartilages on elther sgide of the antoglossal bong con-
trary to the observation of Ras and Hafeazﬁddin (1988) who
could nct-cbserve true fungiform paplllae. There has been
considarable controversy as o whether or not the fowl
possesses a cense of taste., While Calhoun (1954)Iand
Bradley and Grahame (1960) could not logate taste buds in
the tongue of fowl, are gt al. (1957) and Gentle (1971a)
reported a remarkably gocd sense of téste in fowls,
Lindenmaier and KaraitlgsB); Saito (1566) and CGentle (1971b)
eétimated about 30=70 taste buds in the chicken, they being
glandular buds asscolated with the duct of salivary gland
and consisted of sustantacular and gustatory cells with a
taste pore. Gentle (1971b) found that taste buds in chicken
were foimed of a single type of columnar cslls, Biswal and
Das (1967) did not observe any taste budg in the tongué of
damestic duck. Contrary toc this cobservation Rac and
Hafecezuddin (1988) observed few taste buds in the roct of

+he tongue,



Larga number of Herbst's corpuscles and ganglion cells
vere obgserved in the tongue of demestic duck by Biswal and
Das (1967}« In addition, Rac and Hafeezuddin (1988) have
reported the presance of CGrandry's corpuscles, The anterior
and posterior lingual glands of domestic fowdl consisted of |
branched tubular glands which opened into a common cavity
£rom which a duct led to the mouth cavity (Calhoun, 1954).
The cytolagy of tho secretory cells and the physiclogical
cycle of secretion ﬁas heen described at length by Chodndck
(19248). In duck, the salivary gilands comsisted of a single
row of tubuloalveclar holocrine mucous glands {Biswal and

Das, 19673 Rac and Hafeezuddin, 1988).

The pharynx of domostic duck was directly centinucus
with the hard palate and had many small caudally directed
papillae. However, the papillae at the pharyngco~cesophageal
juncticn were not well developed (Das et al., 1965). Later
vorks of MeLelland (1975) revealed the presence of a well
defined transverse vow of caudally directed papillae at the
Junction with the cesophagus. The pharynz was lined by a
thick non-cornified stratified sguamcus epithelium and its
thickness decreased towards the ocesophageal junction in
£owl (Hedges, 1974) and in duck (Rao and Hafeozuddin, 198§b).
Lymphocytic infiltration in the tunica propria in the region
¢f the auditus lacyngls, with some subepithelial lymph ncdules,
was regarded as the pharyngeal tonsil in fowls (Calhoun,

1954). Cocurrence of Herbsot's corpuscles (TCautmann and



Feibiger, 1957; Mclelland, 1975) and taste buds (Lindenmaler
and Kaxe, 1954) haa besn established in the pharynx of fowl.
Densely arranged branched tubuloalveclar PAS-positive glands
wera obgerved in the suwhmucosa of duck pharynx (Rao and
Hafeezuddin, 1987b). Beneath the floor of the pharynx there
veras large bundies of gtriated muscle f£ibres asscolated with
the hyold bone and the base of the tongue in fowls (Hodges,
1974).

Aﬁccraing to Pas gt als (19G5) the auditue casophagi of
domastic duck was very wide, the lumen of the oesophagus
was wida, and at the thoracic inlet constricted. They hava
further obssrved that the mucosal folds were ﬁrcminent in
the cervical part. The general morphology of the micous gland
cells and the naturs of the secrstory granules in tha ceso-
phageal glands of newly hatched chicks have besn described
by Allenspach and Jerry (197i). The light and electronmiores-
copic studies on the glands of the cesophagus and crop of
varicus domestic and wild bizds showed that ther@ was no
relationshlp between the structurs of the three cesophageal
segnante and type of feed consumed (Feder, 1972). The opsﬁ—
phageal glands of duck wera simple tubuloalveolar glakis
(Das and Riswal, 1967) Rac and Hafeomuddin, 1987a) and holoe
arine in nature (Das and Biswal, 1967). Muccus glanda were
found in the wall of the crop of duck (MclLelland, 1975)
‘and in the orop channel of chicken (Nickel et al.;



1977)« The muscularis muccsa was composed of longitudinal
smooth muscle f£ibres which showed thickenings at the base

aof the muccsal folds, tha thin submucosa containing blocd
vessels and lympheacytes and the tunica muscularis consisting
of inner thick circular and outer thin longitudinal smooth
muscle fibres (Calhoun, 1954; Bradley and Grahame, 1960;
Hodges, 1974), Rac and Hafeezuddin (19873) observed that
the muscularis mucosa and submucosa were absent in duck and
the tunica muscularis consisted of an outer circular and an
inner longitudinal layer of smeoth muscle fibres, However,
Das and Biswal (196?) cbhserved longltudinal layer of miscuw~
laris mueosa and cnly a thick layer of circular smooth muscle
in the cuter musculature of cesophagus of domestic duck.
MoLelland (1975) has described the crop of duck as a spindle
shaped eniargement just cranial tc the thoracic inlet whereas
Das gt sl. (1965) had opined that crop was absent in the duck.
The lymphoid tissue designated as cesophageal tonsil has been
reported at the oesophago-proventricular junction by various
workers in chickgn (Calhoun, 1954; Hedges, 1974) and in

duek (Melelland, 19753 Mickel gt al., 1977). In addition,
in chicken Calhoun {1954} obsgerved diffuse and nedular
lymphold tissue throughout the cescphagus exeept in the crop.

According to Das gt al. (1965) the proventriculus of
domestic duck was cylindrical with uniform diameter and a
wide opening into the gizzard. In chicken, the proventrie

culus was elongated, spindle shaped with wide and



macroscopically visible papllliae on its mucosal surface
(Mclelland, 1975). The mucous membrane of the duck preven-
triculus presented numeréus small papillase containing the
openings of proventrlcular glands (Kolda and Komarek, 1958).
Both in fowl and duck, the surface epithelium of the mucosa
consisted of ceclummar cells with basal nuclei and contained
supranuclear rmucin granules (Altken, 1958; Das and Biswal,
1967 and Hodges, 1974). 'Adccrding tc Horvath (1974) the
" 1ining epithelium of the proventricular lumen and the glan=
dular epithelium of propridl glands were similar in structure
toc the supafficial mucin secreting cells of the mammalian
stomach. The simple tubular glands beneath the surface epi-
thelium in fowls wes studied by Calhoun (1954). Bradley and
Grahame (1960) have suggested hydrochlorie acid (HCl) produce
tion from these glands. Bas and Biswal (1967) reported that
the cleft between the folds of mucous membrane in duck
praventriculus contained crypt-like simple tubular glands
with spherical cells with large basal nuclei. The lemina
propria, in addition to connective tissue f£ibres centained
. diffuse and aggregated lymphoid tissue in fowl (Calhoun,
1954; Hodges, 1974) and in duek (Das and Biswal, 1967).
Calhoun (1934) found rmuscular bundles between the gland
lohules as woll as internal to the glands and considered

a diffuse rscularis muccsa consisting mainly of the imner
longitudinal muscle layer lying external to the glands but

alse stretching in folds batween them whereas Bradley and



. Grahame (1960) considered small bundlas of lcﬁgitudinal
ﬁibreg lying internal to the glandular masses as tha diffuse
muscularis'mucosa-in fowl. In duck proventriculus, the
muscularis mucosa was made up of thick longitudinally
running smooth muscle layer lying external to the glands
and the f£ibres were eépecially well developed at the base
of the interglandular septa but did not penetrate into them
(Das and Biswal, 1967). The provenﬁricular glands éf the
foﬁl were simplé tubulér glands grouped tcgenhér into lobules
each converging to a common cavity in ﬁhe centre of the
lobulg. the openings converging to the surface of ducts,
cach duct opening at the apex of small'papillae (Calhoun,
1954; Aitken. 19583 Bradlay and Grahame, 1960){ In duck,
the proventricular glands in the lamina propria were uni-
lobular compound tubuloalveﬁlar glands, the tubules being
arranged radially arounﬁ a central sinus which opened into
the lumen of the proventriculus by a duct (Das and Biswal,
1967). Surrounding each lobule in fowl was a'connective
tissue septum conéisting of collagen and elastic f£ibres
together with sparse muscle fibres and containing blcod
vessels and nerves (Calhoun, 1954). The epithelial cells
ldning the duct and the central cavity were ldentical with
those of mucous glands and the number of granules decreasead
on passing within the glands (Aitken, 1958). The proventri;
cular glands of the fowl were lined by simple epithelium

consisting of cells which made contact with the adjacent
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cclla towards thelr bases and had a dentate appearance
{(Chodnick, 1947; Calhoun, 1954; Aitken, 1958). According
£0 Das and Biswal (1967) the unillcbular compoun&ltubulon'
alveolar glands were lined with cubocidal aepitheliel cells
resting upon a thin basement membrane and the duct and the
sinus were lined with the same type of epithelium'as the
mucosas Toner (1963) studied the f£ine structurd of the sube
mucosal gland cells of the proventriculus of fasting and
“histamine treated fowls, The resting cell was cuboidal or
low colunnar with the apex of cell rounded and bulging into
the lumen of the gland. The free surface was smcoth.without
microvilll and there were infoldings of the basal <¢zll meme
branag at intervals. The aplcal cytoplasm was packed with
cytoplasmic vacuoles, The free surface of the histamine
treated cell was straight with long bulbous microvilli and
the basal infoldings vwere more elaborate, Wight (1975) |
observed considerable amount of lipilds in the oxynticow-
peptic cells of the proventriculus of fasted chicken. The
tunica muscularis of the provéntriculus consisted of inner
circular and cuter’longitudinal layers of smoocth muscle in
foul (Batt, 1924; Calhoun, 1954) and in duck (Pas and Biswal,
1967). Agcording to Bradley and Grahame (1960); Nickel

gk al. (1977) and Czarnecki (1977), the tunica muscularis
consisted of three layers viz., thin inner and cuter iongi-
tudinal layers and a thick middle circular layer of smcoth

musgles,
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According to Das gt al. (1965) the glzzard of the
domestic duck was located entirely to the left of the median
plane and its musculature was distinctly developed to form a
dorsal and vontral ridge whereas at its cranial and caudal
ends, the musculature was 11l defined and the mucosa was
~ strongly adherent to the musculaﬁure. The gizzard of the
chicken was shaped like a biconvex lens with a groater cranio-
caudal diameter (McLelland, 1975). ‘The tendon'layer of the
gizzard of fowl consisted of closely packed collagen f£ibres
and was thickest at the tendinous aponeurosis which was free
of any muscle (Bradley and Grahame, 1960; Hedges, 1974).
Calhoun (1954) observed in fowls, fibrocartilagp at the
Junction of the.smooth muscle and tendon layer and Bradley
and Grahame (1960) reported striated muscle at the keel of
the gizzard. Das and Biswal (1967) observed two layers of
smeoth muscles in the lateral wall of the gizzard in ducks.
Bennett and Cobb (1969) showed that the smooth muscle of the
gizzard was extensively érrangad into interlocking bundles
separated by connective tissus and the Auerbach's plexus la§
close to the outer surface of the glzzard immediately under
the sercsa. The gonnecﬁive tissue septa between the muscle
bundles were arranged at right angles to the adjacent bundles
and the muscle bundles formed an angle with t¢he tendon layer
in chicken (Gabslla, 1985), The intermediate muscles of the
chicken blind sacs consisted of inner longitudinal and outer

circular layers of smooth muscles {McLelland, 1975). The
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muscularis mucosa was absent in the fowl (Calhoun, 1954)
angd in ducﬁ (Pas and Biswal, 1967), The submucosa consisted
of a dense layer of connective tissue containing collagen
fibres, bleod vessels and nerve plexuses (Calhoun, 1954)g
Das. and Biswal (1967) had designated this layer as the

stratum compactum,

The gizzard glands have been descrlbed by various wor-
kers as the protruding lamellac 6f the gland cells forming
single elongated crypté which terﬁinate as either single or
branched tubular glands (Chodnick, 1947 and Calhoun, 1954).
The simple glandular tubules were found lined by cuboidal
cells (Aitken, 1958; Eglitis and Knouff, 1962 and Toner,
1964) in fowl and numerous branched tubular glands lined
with columnar cells openiqg into the gizzard lumen between
the folds of the epithelium (Das end Biswal, 1967) in duck.
The glzzard glands were lined mainly by the chief cells and
few basal and intermediate cells in fowl (Toner, 1964).

The surface epithelium of the gizzard was simple colum-
nar {Calhoun, 1954). The-cells were taller than the chieE
cells which were low columnar. The apical surface of the
surface cpithelium appeared tending to bulge intc the lumen,
the nucleus being irregular in shape and an increase in
‘ﬁepth of staining on passing from the base to tha'tcp of the
pit {Chodnick, 1947 and Toner, 1964). It further showed two
distinct zones on Haematoxylin and orcein staining - a basal
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basophilic zZone including the nucleus and a distai ZONGQ
which is faintly eoeinophiiic (Eglitis and Knouff, 1962),

The columnar cells covering the free surface and lining the
upper part of the gland tubule~conta1ned granules which were
stained with mucicarmine, PAS and aldehyde fuchsin and meta-
chromatic with celestin blue and meéhylene blue (Aitken,
1958). The chief cell granules and the material in the
gland lumen were Bpecificélly stained by PTAH stain in fowl
(Toner, 1964}« The substance in the gland lumen gaﬁe popi-
tiﬁe carbohydrate reaction and this was ahsent from the qhief
cell granules (Aitken, 1958; Eglitis and Knouff, 1862 and
Toner, 1964).‘ Eglitis and Knouff (1962) considered that the
gizzard lining consisted of arrays of vertical columns angd a
magrix produced by the surface cells in horizontal laminae
tions. Toner (1964} demonstrated £ilamentous structure of
the intraglandular secretions and the mode of formation of
the gizzard lining in fowl, The chemical nature of the gizzard
lining has been worked out and it is sald to be keratohyalin
(Bradley and Grahame, 15603 Calhoun, 1954); or a hard keratin
similar to halr (Adtken, 1958) or koilin (Hoffmann and Preqgl,
1907)3 or a carbohydrate=-protein complex of muceproteln
variety (Eglitis and Knouff, 1962) or a protein unlike kera-
tin {(Webb and Colvin, 1%54),

The gizzard-ducdenal junction was delineated by a cone
striction of the muscularis mucosa, forming a fold of the

muscularis and the tunica propria in fowl (Hodges, 1954).
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Brunner's glands were reported at this junction by Calhcun
(1954), Bradley and Grahame (1960) and Farner (1960). Hodges
(1974) reported a narrow zone of tubulax glands between the
gizzard and the duodenum, homologus to the mammalian Brunner's
gland. Presence of globular leucocytes in the duodenal villi
had also bean reported in fowl by Clara (1926); Greulich
(1949); Toner (1965); Holman (1968) and Colvin et al. (1974),
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MATERIALS AND METHODS

Seventy-~two ducklings belonging to the White Pekin
breeé vere used for the present study. They were selec;pa
randomly from a single hatch and reared in the University
Poultry Farm under the same conditions of feeding and mana=
gement. Soon after the hatch, the ducklings were sexed,
numbered and transferred to a brooder in which artificial
light ﬁas provided. After one month, they were transferred
to the litter flcor s&stem of management. The birds were

allowved tc feed ad libitum on water and proprietery diet,

on the first, Bth, 15th; 22nd.'30th. 45th, &0th, 75th,
90th, 120th, 150th and 180th days, six birds‘each (3 males
and 3 females)were selected from the group for experimental
observations. These birds'were étarved overnight and their
body weights were racorded. The klrds were then slaughtered
by pithing and severing the spinal cord at the lavel of
coeipitoeatlantal articulation. - They were exsanguinated by
cutting jugular veins without disturbing the cervical cesc-
phagus. The length of the bille, the length and width of
the hard keratin and width of the upper bill at the level

of nostrils were measured using a vernier caliper.

The birds were dissected and the topography of the
upper digestive tract such as the position and ralationship
of the oesophagus and ¢rop, proventriculus and gizzard were

nocteds. The upper digestive tract starting from the tonque
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~ The diam@ters of diﬁferent rggions, viz., the carvical
oescphagua (czanial. middle and caudal), crop (Jjunction cof .
.cervical ocecaphagus, middle and junction of thoragic ceso-
phagus), thoracic cesophagus (cranial, middle and caudal),
proventriculus (aﬁtexia:; middle and posterior) and glzzard
{cranio cauéal. aaréoventral anid thickneas) were measured
using'a varniér caliper. The trxact was divided into tongue,
pharynx, oesophagus and crop, proventficulus and gizzards
Tha gizzard was opened by a longltudinal incision and its
contents were removed, washed in normal saline and mopped,
The weights of thase orgahs were recorded uging a menopan

&

balanca.

Representative samples of the different regions weﬁe
removed and £ixed in formol-saline, Bouln's £luid, and
neutral buffered formalin. The tissues were processed and
paratfin sections of 5 ﬁm thickgeae wers taken. The sections
were stained with Harris' hacmatoxylin and Eosin £or general
hiatcérchitecturé. Basidas this, the £olidwing special stains

wara also used.

No. Darameter Fixation Method . Scurce
1 Collagen Bouin's £luld/ Van-Glason's Drury and
£ibres Formol saline Wallington
: (1967)
2 Elasgtdic 8 . Verhceff's r
£ibres Method
3 HMucins " Periodic Acid "
- Schiff's :

reaction (pAs)
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RESULTS
Body weight
The bedy weights of the White pPekin ducks used for this
study are shown in Table 1. The maxinum body weight of
202343 4 53.64 g was recorded at 150 day 0l4d ducks and thera-
after a reduction was noticed in 180 Gays (Fig. 2).

‘ - Mouth cavity

Tha broad and oval epidarmal bills enclesed the mouth
cavity. |

It was leng and wide covering partly the premexillary
and nagal bones. The external nares wera partly closed,
Rounded tilp of the upper bill had a spatula shaped hard
Keratin, limited 5 a emall median part whila the rest of
tha blll was gaft and waxw-like, 0n§~dayuold ducklings showed
a small cone shaped raised agg tcoth on the hard keratin
near its tip. A ventral median whitish line was presant on
the dorsal part of the hard keratin which was absent in the
ducks aged 45 days and abovae.

Ths length and width of the upper bill and hard keratin
are shown in table 2., The length showed a progressive
incraase from 15.8 mm to 75 mm and width from 8 mm £o 27.6 mm
upte 180 days ©f age (Fig.4). The hard keratin alsoc showed a
relative increase in length (5,7 rm ¢o 14 mm) and width
{5 mm to 11:6 mm). |
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The-ventromedial edge of the upper bill possessed a
row of blade like lamellae with narrow free medial surface,
in one=day-old ducklings theée lamellae were very small with
less interlamellar space. The lamellae showed a gradual
change 4in slze, width and interlamellar space with advancing
aga. In the 15=-day-o0ld ducklings, the lamsllae became dig-
tinet blades and the mean value of lamellae was found to be

45 pairs,

Lover bill (Fig. 5).

The lower b;ll was smaller than the upper bill except
in one-day~old ducklings in which the upper and lower bills
were nearly equal in length (Fig. 4). It extended on the
dentary bones oflthe mandible. The hard keratin at the ﬁip
of the lower bill was more rounded. The central median
whitish line reached only upto its caudal half., The hard
keratin showed an increase in léngth {4.6 mm to 13.5 mm) and

width (4.7 mm to 10.7 mm) upto 180 days of age.

The dorsolateral edge of the lower bill presented a
dorsal row of lamellae extending from its tip towards the
angle of the bill. These lamellae were short, their dorsal
edges belng directed laterally and they had a rounded dorsal
surface. These lamellge vwere gsmaller in size in comparison
to the lamellae of_the upper bill and the mean number was
observed to be 74 pairs.

The lateral surface of the bill clese toc the dorsal
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lamellae, had a lateral row of larger blade-like lamellae
with sharp dorsal edges and the mean number was found to be
52 palrs. These lamellae cn the posterior 1/3rd of the

bill were rounded and smooth,

A -ridge separating the dorsal and lateral lamellae
extended dcrsoiaterally from the angle of the mouth towards

the tip and was narrow rostrally and wide caudally.
Palate..

The rostrai paft of the.palata ventral to the premaxi-
llary bones were strongly concave. The mucous membrane
formed a longitudinal median ridge, continued caudally by
four wide=based papillae, arranged in a line in most birds
and in pairs iﬁ gome blrds, one pair in line with the ridge
and the caudal pair side by 9idé. "On @ither side of the
median.ridge rostrally were the openings of the maxillary

glands -
Choanal slit.

The choanal siit was relatively short. The wide caudal
part was latger than the narrow rostral part. The mucous
membranae at the edges of the slit was thickened and had thin

pointed caudally directed papillaa.

A transverse row of thin pointed, caudally directed
papdllac extendad con each :s1dd of the midline from the edge
of the choanal slit at the junction of the narrow and wide

parts. The papillae were better developed at the wider part
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of the slit and were arranged in several irregular longitu=-

dinal rows, close to the glit,.

A transverse ridge somewhat in the middle of the narrow
part of the choanal slit demarcated the caudal upper 1imit
Of the oral cavity. Transverse rows of caudally directed
papillac on the caudal end of the tongue demarcated the
lover limit of the oral cavity: The average length of the
choanal aglit inersased from 7.6 mm at one-day-old to 27.8 mm
at 180 days of age (Table 3).

The proportions of anterior énd posterior part of the
cheanal slit are shown in Flg. 6.. Lateral to the wider part
ef the choanal slit, many small openings of the pharyngeal

salivary glands were geen.

Tangue
Groos observationg (Fig. 5).

The tongue was long and apatula shaped. The rostral
oxtramity was thin and had a depressicn on its middle part.
Dorsal surfaco of tha tongue had a median longitqdinal groovea
which did not extend to the full length of the tongue, but it
stopped a llttle in front of the middle third of the tongue.
Oon eitﬁer side of the median longitudinal groove in the
middle third of the tongue longitudinal rows of small papillae
ﬁhich converged caudally with a nodular enlargement on either
slde ware seen and then continued caudally with a wide ridge
of muccous membrane in the-caudai thizrd of the tongue. The
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lateral edges of the ridge also had small papillae and it
covared a small portion of the dorsal surface of the tongue.
This ridge extended laterally and were directly continucus
with the raised dorsal surface at the root of the tongue,.
Lateral te¢ the longltudinal rous of papillae and the ridges

wers many wide based short papillae,

Lateral margins of the caudal half of the tongue pre-
sented tough, straight, wide based conical paplllae numbering
about £ive on each side and united by £ine papillze. This
was centinued rostrad by two rows of papillae which looked
like fins of £ishes. The dorsal row consisted of large
conical papillae connected by fine papillae. The ventral
row was composed of only the finer type. The ventral sur-

' gace presented a median ridge and at its tip a triangular
eminence corresponding to the depressicn on the dorsal sur-
face was observed. Rpstfal to the frenum linguae two promi-

neness vere also chagrvad.

Close to the base of the tongus wers two transverse rows
of caudally directed papilla@. The largest cnes were seen
close to the midline except in day-old ducklings in which the

papillae were of eogual size.

The sgkeleton of the tongue was formed by the median
entoglossal bone. A narrow hyaline cartilage was present
at the rostral part and the cornual processes were absent

(F.‘.‘.g. 7)e
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The welght and length of the tongue at different ages
are shown in Table 4, The weight of the tongue increased
about 13.6 times from 04142 £ 0.003 g in day old to 1,937 +
0.056 g in 30 day-old birds. Thereafter the increase was
‘at a élower rate upto the age of 75 days. A maximum weight
of 6.07 & 0.202 g was recorded at 150 days of age (Fig. B8).
The contribution of tongue to bedy weight was 0.71% at 8th

day and decreased progressively to 0,37% at 180 days of age.

The length of the tongue increased progressively from
1.5 £ 0.03 cm at one day old to 6.0 + 0.18 om at 180 days.
The rate of increase was maximum batween 22-30 days after
hatching and thercafter the increase was at a slower rate.
The weight of the‘tongue was related positively with its
length (r = 0.9934) and body weight (r = 0.9863).

Histoloqy.
Epithelimn-

The tongue of the domestic duck was lined by stratified
squamous epithelium., The epithelium was thicker on the
dorsal surface compared to the ventral surface (Table 5 and
Fig. 9). The aepithelium at the tip of the tongue and lateral
edges were keratinised.(Fig. 10). The thickness decreased
towards the posterior part on both surfaces. The thickness
of the epithelium varied in different age groups and Eegicns
(Table S5). The'dcrsal surface was irreqular whereas the

ventral surface was smooth. The superficial layer of the
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épithelium showed strong propensity to slough off. The
stratum cylindricum wae thick and consisted of very long
columnar cglls in day-old'ducklings. The cells of the
stratun granulosum showed many granules -in their cytqplésm

from elght days of age.

Numerous long narrow dermal papillae projecting ingo
the stratum granulosum of the epithelium ccntaingd fine
connective tissue fibres and capillaries (Fig.ll). These
darmal papillae lined by columnar cells gave a fern-like -
appearance. In day-old ducklings, the dorsal cpithelium had
few small dermal papillac which were 1acﬁing in the ventral
epithelium, At elghth day they were observed: on both sidas
and by 1Sth day, dermal papillae wore well formed on both
gldes. A proportiocnate inerease in the number of darmal
papillae with thickening of the epithelium Qas noﬁiced. They
wors more‘on éhe\dorsal epithelium. In adult ducks the der-
mal papillae vere wider and fewgr in number especially at
the middle ond caudal part of the tongue where it had a
follicular nature (Fig. 12),

Lam;na propria,

Lamina propria was well developed in the body and root
of the tongue and compssed 6£ collagen and few elastic fibres,
and rich in adipose tissue. Towards the anterior part the
lamina propria was thin. It was rich in blood vessels, nerve
trunks, sensory nerve endings and lymphocytes. Longitudinal

blocd sinuses were also observed, Strips of fibrocartilagae
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vere observed in the middle part of tha tongue (Filg. 13).
The 1ympho¢ytes cecurred both in aggregated and diffuse forms
aspecially beneath the deeper laysrs of the epithelium,

Eventhough the tongue of the duck was bulky, the
striated muscles were s&anty. They were observed in thse
caudal part, majority baing arranged longitudinally around
the entoglossal bone but few £ibres were arranged transe-

versely and obliquely (Fig. 14).
Herbst's corpuscles (Fig. 15).

Large number of Herhst's corpuscles were chservsd in
the lamina propria close to the deeper layers of the epi-
thelium. Thay were numercus at the base of the barbs and
other papillae. In the anterior part of the tongue they
cccurred mostly as single and in the body and root as groups
of two to £ive large corpuscles. They were oval chaped
lamellated corpuscles consisting of an outer layer of con-
centrically arranged lamellae containing £4broblasts and an
inner layer of dense lamellae. In the middle of the inner
layer there were two rows of flattened elongated nuclel con-
taining an axis cylinder in between the two rows. The dia-

metaer of the gorpuscles varied £from 40 um £c 95 um,
Tactile corpuscle (Fig. 16).

Fou tactlile corpuscles were observad in the lamina pro-
pria beneath the epithelium of the body and root of the
tongues mostly near the Herbst's corpuscles. In shape they

Y
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resembled a £ir cone with a thin connective tissue capsule
ccntaining transversely arranged tactile dells and spiral
nexve £ibres. 'The average diameter of this corpuscle ranged

from 53 um to 80 um,
Grandry's corpuscles (Fig. 17).

Grandry's corpuscles were observed in the lamina propria
at the anterior and middle part of the tongue, on either side
of the median groove dorsal to the entoglossal cartilaga.
They had two to four vesicular tactile cells in the centre
with a lamellated collagenocus capsule. The inner lamellac
ware compact and closely arranged whereas tﬁe outer lamellae
wera loosely arrangad. Close to the corpuscle thers wore
nerve bundles and blood vessels. They were more or less
oval in shape and tha width ranged from 160 wm to 200 um and
length from 460 um to 530 um, |

Numerous encapsulated spherical bodies were observed in
the dermal papillae, close to the stratified squamous epithe-
lium near the Herbst's corpuscles, Thay consisted of tws to
four horizontally orlented columnar like cells with a granular
cytoplasm. The nucleus was spherical, vesicular and with a

distinct nucleolus (Fig. 16).

Several ganglion cells were observed in groups of two to
sgven in the lamina propriz beneath the epithelium near the

Harbst's corpuscles.

The nerve supply was extensive espécially on the daorsal
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part of the tongue where twe large myelinated nerve trunks

vere also cbserved in addition to the smaller branchas.

The centfél part of the tongue was occupled by the entoe
glossal bona which wﬁs continued rostrally by an oval dorsce
ventrall} flattened hyaline cartilage which reached upte the
tip of the tongue. In the middle portion of the tongue, the
cartilage was more or less circular in outline. At the poS-
terior part of the tongue, the entoglossal bone wés thin and
wide and showed a ventral concavity. It formed a sinovial
hinge with rostral basibranchial bone at the root of the

tongua.

Ossification of the ecartilage started from the posterior
part by eight days of age. But the tip of the cartilage

remained cartilagenous even upto the ags of 180 days.
Lingual papillase,

Three types of paplllze were chserved on the tongue of
domestic duck, namely, £iliform,papillae, 2. conical papillae

and 3. fungiform papillze.
Filiform papillae (Figu 18).

These papillae were arrangad in twe rows on the latera}
edges of the tongue. Dorsal row of papillae was long and
polnted and consisted of an external layer of thick keratie
nised stratified squamcus epithelium and an inner core of
lamina propria. The stratum corneum extended over the tips

©f the barbs as horny spines. The ventral row of papillac
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was smaller than the dorsal row and spatula shaped. Few
secondary papillac arose €rom the base of the primary paple
llae., The lamina propria of the barb did not enter into

the secondary papillae.
Conical papillze (Fig. 19).

Few broad cone sheped papillae ware present at the
lateral edges of the caudal 2/3rd of the tongue. It had an
external layer of thick keratinised stratified squamous gple-
thelium and an inner core of lamina propria rich in blood

vessels and nerve endings.
Fungiform papillae (Fig. 20).

A few wide based paplllae cavered by comparatively thin
stratified squamous epithalium with thick keratin layer were
cbserved an the bedy of the tongue. It had an extensive
corae of lamina propria r»ich in blood vessels, Herbst’s care
puscles and tactile corpuscles. Taste buds were nﬁt obhservad

on this papillae,
Taste buds (Fig. 21 and 22).

Large numbers of ‘taste buds were observed in the middle
and postaerlor part of the tongue. Thoy werxe oval in shape
and measured 105«-130 um length and 80-105 um width. Each
" bud consisted of an aggregate of elongated nucleated cells
stained pale with eosin. The taste pore was very small,

Taste hairxs were not cbserved,
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Ldngual glands (Fig-_ 23).

The anterior lingual glands were obseived on the
dorsolateral aspect of the bady and the posterior lingual
glands on the ventrolateral aspect of tha root of the
tongue. They composed of masses of campound tubuloalvaolar
glands. An entire gland was formed f£rom varying numbers of
units, each unit comprising meny tubules cpening into a
common cavity and possessihg a common duct. Salivary glands
‘Wwere purrounded by a connective tissue capsule mainly formed
of collagen £ibres and few elastic £ibres. Bloéd vassels
and nerves ware present within the capsule. From tha capsule
septa invaded and formed interlobular connective tissue
which gsurrounded groups of tubules. Smooth muscle fibres
ware not observed in the capsule and interlcbular septa.

The glandular tubulas wera lined by single row of tall
columnar mucous cells with basal spherical nucleus and baso-
philic foamy cytoplasm. The glands were hologrine in nature
and the 1uﬁen contained cell debris and secreted material.

Different phasas of the secretion progess ware observed.

Tha duct from the basic units of the gland was lined by
tall columnar cells. The larger duct was lined by nonsecrae-
tory stratified cuboidal epithelium and cpened through the
strétified squamous epithelium of the tongue to the oral
cavity. The glands were highly PAS positiva,
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Pharynx

Gross obhservations,

Roof_(Fig..S).

The length and weight of the pharynx and the thlckness
of the epithelium (st the rcaf) are shown in tables 6 and 7.
The welght of the pharyn: increased 8.6 times in 30 days from
0:237 + 0.03 te 2,049 + 0.115 g with its greate=st contribue-
ticn to body weight at 8th day. The length of the pharynx
increased 2,2 times in 30 days of ag@.

The mucous membrana of the roof of the pharynx had small
caudally directed papillas which at the jhnétion with the
ogsophagus formed a weli defined transverse row. Caudal to
the choanal slit was a narrow opehing, the infundibular slit
which lead into the tuber cinerium intc which the two eusta=-
chian tubes opened.

Floor (Fig. 5).

Caudal to tye base of the tongue, tws pharyngeal papillae
bearing numerous small papillas were present. Tha laryngeal
mound was lccatea in the flobr of the pharynx. This was
alcngated, lozenge shaped -and it blended smeothly with the
pharyngeal £loor,. 'A trangverse line of caudally pointed
paplllae was present at the caudal end of the inlet. A
series of large caudally pointed papillae were cbserved in
the midlina caudal o the inlet. The rest éf the maund
caudal tc the inlet had small catdally directed paplllae
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scattered over it. The rim of the inlet had one sagittal

row of very small paplllae. 'Rostral to the laryngeal fissure,
few openings of the salivary glands were chserved., The
laryngeal mound of the ducklings showed an increase in length
(643 mm ta 27.8 mm) and width (3.8 mm to 14.3 mm) in daye-ocld
to 180 days of age (Fig. 24). Angle of the pharynx and
lateral surface of the caudal part of the laryngeal mound
also had very small openings of the salivery glandg.

Histology.

RooE (Fig.\ 25).

The roof of the pharynx was lined by, stratified sguamous
epithelium, The stratum cornsum vas ielatively thick. The
thickness af_the epithelium decreased towards the juncticn
with the cescphagus (Table 7). The epithelium was thin com-
pared to the floor of the pharynx. The surface of the epi-
thelium was rough and the superficial layers sheowed strong
propensity to slough off. The dermal paplllag were scanty
and contained £ine connective tissue fibres and capillaries.
In ablique sec;ions. they weie ropresented as spaces con-
taining red blood corpuscles. Many caudally directed, conical,
pointed papillae with distinct lemina propria and covared .
by keratinised eplthelium were cbserved on the mucosa. The
mucous membrane was folded at tha‘lateral anglas of the
rharyni,

The margin of the choanal slit was lined by stratified

squamous epithelium on its external and internal surfseca.
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The internal surface in addition contained many simple alveo-
lar glands of holoerine nature. The glandular epithelium was
formed of taller columnar cells with basal spheriqal nucled.
The ducts of the gland opened separatel& at the surfaca of
slit through the surface epithelium. Within the choanal
slit, a cavernocus tigsue covered by pseudostratified ciliated
colurmar epithelium was chaserved (Fig. 26). Numercus simple
alveolar mucous glands of holacrine naturs were observed
within the epithelium. Several endothelial lined spaces
cuntained.blccd calls, smooth muscle fibres and elastic
fibres were prasent in the cavernous tissue., Lymphocytes

vere diffusely arranged below the epithelium,

The infundibular slit was lined by stratificd squamous
epithelium which was thickenad at the edges.of the slit
bearing caudally directed pointed papilllae. Lymphocytic
aggregations were present beneath:the epithelium (Fig. 27).

Lamina propria was composed of collagen and fow elastic
f£ibres, many blcod veséeis and nerves. Aabundant lymphocytic
aggregations ware cbserved beneath the epithelium, especially
at the choanal slit and infundibular slit and also in the sub-
mucosa close to the glands, ‘Dymphocytes were also observed
in diffuse forms. This lymphoreticular tissue formed the

pharyngeal tonsil.

Herbst's and Grandry's corpuscles were not observed.

Mugscularis mucosa was absent.



34

Densely arranged branched tubuloalveoclar muccue glands
vere observed in the submucosa. The connective tissue
formed a capsule around the glands and contained blood
vassels and nerves. The glands were lined by tall columnar
cells with basal, spherical or angular nuclei., The glandular
luman was nérrow. the duct luman was large and lined a short
distance by columnar cells and opened through the stratified
squamocus epithelium to the pharyngeal cavity. The lumen
contained secretory materxials and cell debris. The medial
and lateral palatine glands were situated around the choanal
slit and the ducts opened lateral to the chpanal slit. The

sphenopterygold glands were present around the infundibular

slit and the ducts opened lateral to the lnfundibular slit.

" Below the glands, longitudinally oriented striated

musdlas woerae obzerveda

) Floorx,.

4

The flcor was lined by stratified squamous gpithelium
and had numerous pointed caudzally directed papillac with a
keratinised epithelipmc

The laryngeal mound was covered by stratified sguamous
epithelium with numercus pointed caudally directed papillae
covered by keratinised epithelium (Fig. 28)., The inlet of
the larynx was a narrow slit supported on either side by the
arytenold cartilages. The inlet was continusd caudally by the

laryngeal fiséure. a narrow greove which extended to the
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caudal group of pepillae. The epithelium of the fissure
was. stratified sguamous and had two large papillae bsaring
a few small papil%ae at its posteriormost end.

At the inlet, -the stratified squamous epithelium changed
abruptly intc pseudostratified ciliated columnar epithelium
with numerous simple tubular or alveolar mucous glands
(Fig. 29). These glands wers PAS positive, The length of

the cilia ranged f£from 13 um to 26 um.

Lamina prepria was thin and composed of collégen and
elastic fibres, blood vessels and nerves. L&mphocytes
cecurred 4n nodular and dlffuse forms. Lymphocytic nodules
were cbserved at the transiticnal zone wherae the stratified
squamous epithelium changed into pseudostrétiﬁied clliated
columnar and also at the ventral median ridge of ths cricoid

éartilage,

Submucosa ccntained the laryngeal sallvary glands (crico-
arytenoid glands). The connesctive tissue of the submucosa
formed a thin capsule arcund the glands. These glands were
highly PAS positiva similar to other salivary glands. At
the anterior part of 'the larynx, they vera smaller in size
and just lateral to the arytencid cartilages. At the middle
part of the laryngeal mound, the glands were larger and
situated more towards tho lateral side of the arytenoid car-
tilage. At tha level of the laryngeal £issure, few glands
wore cbeervad just.b@ﬁeath.the epithelium and the ducts

openad into the fissura.
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Glandas at the angle of the pharynx were smaller and
duct ffom @ach gland opened separately into ths pharyngesl

cavity.

The intrinsic muscles of the larynx were cobssrved in
the submucosa. The superficial intrinsic ruscle was thick
and ibngitudina;ly oriented under the mucosa which caused
the roundness of the laryngeal mound. The deep intrinsic
muscle was thin, vertically orlented and embracing the inlet
of the larynx. Posterior to the inlet, the ends of the
cricoid cartilagg were connected by a transversely oriented

striated muscle,

Tha cartilages of the laryni,were four in number. The
cricold cartilage was semicixcular in cross~section and had
a dorsal medlan prolcngation. The paired arytenoid carti-
lages flanked the laryngeal inlet. The procriceid was dorsal
and median in position, From eight deys of age, they showed

signs of ossification.

Oesophagus

¢

Gross obgervations,

The cesophagus connected tha pharyns: to the proventri-
culus and was divided intc the lcngér gervical part, the
crop and the short thoracic part.' The length, weight and
dlameter of the ocescphagus at different ages and raegions are
shown in tables 8, 9, 10 and 11. The weight of the cesc-

phagus and crop increased 55 times in 60 days from
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0,225 + 0,011 to 12.405 + 0.534 g. The rate of increase was
greatest between 45 and 60 days and the contribution to the

body welght was a masdmum of 1.2% at Bth day of age.

The length of the cesophagus increased 3.15 times at a
progressive rate uptoc 30 days of age and thereafter the
increase was at a slower rate and at 180 days of age the

length of oesophagus was 32.33 + 0.945 cme
Cervical cesophagus. . . .

The cervical casophagus origlnated £rom the pharynx and
was lccated iIn the midline dorsal tc the trachga and larynx
to which it was closely attached by comnective tissue.
Caudal to the £ifth cervical vertebra, it inclined to the
right side of the neck between the right jugular veln, vagus
nerve and thymis dorsally and trachea ventrally. The auditus
oasophagl was very wide and she lumen was more dlalatable.
The mucosa of the cescphagus showed many longltudinal folds.
The cervical oesoppagﬁa showed a progressive increasa in
length £rom 3.25 + 0,056 cm to 9.75 + 0.54 cm upto 180 days
of age. But a slight reduction was noticed at 120 Gays of
age (Table 8).
Crop.

Immediately cranlal to the thoracle inlet, the cesophagus

showed a spindle shaped enlargement. In Gay~-cld ducklings

it was not very distinct. As age advanced, the crop axtended
upto the level of bifurcation of the trachea (Fig. 30). The
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wall of the cfcp was thick as that of the cescphagus but
showed more number of longltudinal folds. Most of this
ocasophageal mucosal folds abruptly ended at the cranisl
part of the crop, but few extended throughout the length

of the crop and even continuad into the thoraéic oaesophagus.
It was also chserved that there were mucasal folds which
ware confined to the crop 1;5915. _The length of the crop
increased progressively from 1.03 + 0.076 om at day~-old to
14,67 % 0.357 cm at'180 days of-agé (Table 8).

Thoracic cesophagus.

Thoraclc cescphagus started at the bifurcatlon of the
trachea (syrinx) and extended caudally dorsal to the Erachaa
and base of the heart, It passed caudally dorsal to the
cranial border of the left lobe of liver. Caudal to the
third vertébral_rib. it was found between the cranisl thoracic
air sacs extending to the medial surface of tha left lobé of
liver. Dorsally and ventrolaterally it was covered by cer;
vical and clavicular air sacs, The thoracic oesophagus was
shorter in length compared to the cervical cesophagus

{(Table 8}.

. The diameter at varicus regions of the oesophagus showed
that the anteriormost part of the cervical oesophagus had
greater diameter compared o other parts, barﬁing crop, in
all age groups of birds'studied (Téble 10)§ Tha averags
diameter of the cervical ossophagus was more than that of

thoracic c¢cesophagus. (Table 11).
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Histology.
The structura of the oescphagus anterior and posterior

to crop was simllar,
Cervical caescphagus (Fig. 31).

Cervical oescphagus showed about 6-7 primary and secon=-
dary longitudinal mucosal £olds. The lumen was wider. Ths
folds were broad and short with a rounded end at the anterior
part whereas in the posterior portion the lumen was encroached
by the longer folds with a pointed end (Fig. 32).

The mucosa vwas lined by a nonkeratinised stratifled
squamous apithelium with an irrecular surface and it showed
strong proﬁensity to slough of£.. The thickness of the epie-
thelium decreased towards the posterior part of the cervieal
6esophagus and ranged from 53 um to 226 um from day-oid to
180 days of age. In day-cld ducklings, the stratum cylin-
dricum consisted of single layer of tall columnar cells.:

Dermal paplllae were more at the anterior part..

The dense layer of laminé propria was composed of
¢ollagen f£ibres, many blocd vessels and lymph vessels.:
Numerous 6escphageal mucous glands were also ohservad (Fig.33).
The glands werg numerous at the auditus oésoPhagi.- In day=cld
ducklings, they were simple tubular glands.. By 8th day, the
gland increased in size, number and became branched tubular,
The tubules were -lined by tall cclumnar cells with basal

£flat nuecleus and acldophilic foamy cytoplasm. - The tubulas
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opened into a central cavity f£rom which it was drained by

a wider duct, In the duct, the epitheliumn was low columnar
to cuboldal and then changed to squamcus epithelium which
bassed through the lining.epitpelium of the cesophagus and
opened inte the cesophageal lumen. The connective tissue
of the lamina propria formed capsule arcund the glands and
contained blood vessels. The 1yﬁphoid tissue occurred both
in diffuss aﬁd aggregated forms just beneath the epithelium
and frequently around the glands (Fig. 33).

Muscularis mucosa was absent. Submucosa was very thin

and contalned submucosal plexus,

The tunica muscularis consisted of inner longltudinal
and outer circular layer of smcéth muscle f£ibres (Fige. 34).
The inner longltudinal muscle showed thickenings at the base
of mucosal folds.l In day-old ducklings this muscle entared
a short distance into the folds in the anterior part of the
casophagus. Compared tc the circular muscle, the thickness
of the longitudinal muscle layer was one-third at the anterior
part, half at the middle portion and half to one~third at the
posterior part. The circular muscle layer was thick and
composed of different f£asclculi. Bstween the two musclei
layers there was a thin iayer of connective tissue containing
blocd vessels and nerve plexus, - The thickness of the tunica
miscularis increased with advancing age as well as towards

the posterlior part of the cervical oasophagus.
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The outermost layer of tunica adventitia was consisted
of very loose connectiva tissua.with many blocd vesegels,

nerves, adipose tissue and lymphatics.

Tha structure of the'crop'w§s similar to that of cer-
vical oasophagus. The longitudinal mucosal £olds averaged
aﬁout ten numbers and were leng and pointed in the middle
part of the crop. Lateral branching of the longer f£olds

ware also observed.

The crop was lined by strat%fied squamous nonkeratinlsed
epithelium and the thickness was reduced towards the poste-
rior end. The thickness of the epithelium increased as age
advanced and ranged from 40 um toizoo un. The epithelium
was smooth_in day-cld ducklings. By elght days the épithélial
surface became irrecular with dasquamation of surface epithe-
1ial cells, By.15 days, many mlcroscoplc papillae appeared
cnl the surface gpithelium. BPasal layers of the epithelium
verae more Basophilic. Dermél papillae were wider and fewar
in day~-old ducklings. As age advanced, the dermal papillae

becama thin, decper and more in number,

The lamina propria was thin, dense, composed of collagon
fibraes and continued into the mucosal f£olds. Few simple
tubular glands at one day old became branched tubular by
eight days of age. The lymphoid tissue occurred both in
dif€fuse and aggregated forms and more in the middle zonc of

the crop especially around the glands. Many heterophils ware
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also cbserved in the lamina propria, Tha connective tissue

formed capsule arocund the glands,

The musculards mucosa and sulimucosa were sbsent. The :
tunica muascularis consisted of inner longitudinal and cutor
circular layer of smooth muscle £ibres. The longitudinal
muscle showed thickenings at the base of the folds, The
thickness waa half of that of circular muscle layer upto
gight days of ags ané frem 15 days onwarda, the thicknsss

was only one=third of that of circular muscle.

Quter circular muscle was divided into three to four
bundles which ware separated by thin layexr oflconnective
tissue containing blocd vessels. The inner longitudinal
and outer eircular layer of smooth muscles were separated
by a thin connectivé tissue layer contatning blocd vessels

and nerve plexuses,

The thickness of the tunica muscularis increased with

age and ranged from 130 um to 600 um,

outermost leyer of tunica adventitia contained lcose

connectivea tiasﬁe with blood vessels and nervaes.
Thoracic csesophagus.,

The structure of the thoracic cesophagus was similar to
that of cervical oesophagus and crop. The longitudinal
mucosal folds were wider and shorter and more than that of

tervical oesophagus. Both primary and secondary folds were

cbserved,
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.The stratified squamous non=kKeratinised epithelium
showaed a decrease in the thickness towards the posterior
part and an increase with advancing age. In dayho;d‘duck-
lings the surface epithelium was smooth and became Airregular
by eight days. From 15th day onwards many microscopic
paplllae were observed on the epithelial surféce ﬁFig. 35).
Towards the posterior part, the dermal papillas and micros-

coplc papillae were mere decper and more in number.

The lamina propria was more extensive and composed of
collagen fibres. The simple tubular mucous glands of daye-
old ducklings becane branched tubular by eight days and were
few in the anterior part. The glands were mere towards the
posterior part of the thoraclc cesophagus. Lymphoid tissge
occurred both in diffuse and nodular forms. Lymphoid nodules
vere more towards the posterior part especlally arocund the

glands,

A well daveloped ocsophageal tqnsil was obgserved at the
Junction of thoracic cesophagus and proventriculus. At this
Junction, the stratified squamaus epithelium of the cesoe
phagus changed abruptly to simple columnar epithelium of the
proventriculus, The cesophageal tonsil had a follicular
nature. The stratified squamous gpithelium showed many
invaginations. Numerouas simple tubular glands linaed by low
columnar to cubcldal cells with spherical vaesicular nucled

and basophilic basal and acidcophilic apical cytceplasm were



44

present in the lamina propria immediately below the surface
epithelium (Pig, 36). Underlying the epithelium and surrcun-
ding the invaginations, diffusely arranged lymphoid tissue
was observed upto 60 days of age. The lymphold tissue was
prasent. around the mucosal crypts and in many places the
epithelium was flattened and within this layer of epithelium
many lymphocytes werse presenﬁ as intraepithelial lymvhocytes
(Fig. 37). The lumen showed lymphooytés and cell debris
(Fig. 38). The oesophageal tonsil was well supplied with
many blood vessels. From 75 days onwards, in additicn to
dense lymphold tissue, lymph nodules were observed in the
tonsil; germinal centres were evident in cartain nocdules
(Fige. 36). 1In 150 and 180 day-old ducks, diffuse lymphatic
tissue surrounded the lymphatic nodules which f£requently
possessed germinal centres. Connective tissue condenszation
separated the lymphoid tissue from surrounding structures
and attempted encspsulation was evident at some areas,
Cannective tissue septa was seen extending between the
nodules {Fig, 39).

Muscularis mucosa and submucosa were absent. The tunica
muscularis consisted of inner longitudinal and cuter circular
layer of smooth muséle £ibree. The longitudinal muscle
showed thickenings at the base of the folds and the thickness'
was nearly‘half of that of circular muscles. The circular
muscle was arranged in layers s@parated by ghin layers of

comnective tissue. The thickness of the tunica musculsaris
increased with age,
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The outermost layer of serosa consisted of loose
connective tissue with many blood vessels, lymph vassels

and nervas.

Proventriculus (glandular stomach)
Gross cbservations,

The proventriculus was an elongated organ with a narrow
aranial and wider caudal ends. The long axis was directed
craniccaudally scmevhat. ventral and to the left of the median
plane. The left ventral surface was clese to the iiver
especially tc the left lobe on which it produced an impre-
gaion., The right side was caudodorsally related to the
splaen. CQanial part of the dorsal surface was scparated
£rom the ventral surface by aranial thoraclic air sacs. Caudal
rart of tho dorsal surface was related to 1lsum and caeca.

It oxtended in the male from fourth thoracic to sixth lumbo-
sacral vartebra. In female it reached upto the third lumboe
gagral vertebra. The provsntriculus was connected to the
cranicdorsal sac of the glzzard by a narrovw transitional
zona, the iéthmué, which showed a constriction at the dorsal

aspect.

The wall of ths proventriculus was thick. The mucous
membrane showed numerous small papillae containing the
openings of the proventricular gland. Proventriculsr glands
were unilobular and each gland opened sepafately on the sup-

face. ?apillae weée absent at the isthmus. Mucosal f£olds
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of the oescphagus were found to terminate st the oc@sophagac=
proventricular junction.

The lengths aﬁd walghts of the proventriculus at diffe=
rent ages are shown in table 12. The weight of ‘the proven-
triculus 1ncreased 17.6 times £rom 0.28 + 0.01 g in day-old
to 4,927 :_0.144 g at 45 days of age and the maxtmum rate of
growth ﬁas observed between 30 and 45 days., The contribu-
tion of proventriculus to body welght was maﬁimum at eighth
day (1.1%) while it was only 0.35% at 180 days. The length
of the proventriculus increasad 3.8 times iﬁ 75 days from
1.5 % 0.66i" om to 5.72 % 0,569 cm. Tha length had a signi-
£leant positiée correlaticon with weight (r = 0.9731), The
middle portion had the greatast diameter and thg posteriox
part was widsr than ite anterior part at all aga groups
(Table 13).

Histology. |
Tha cesoPhagd-p:oventricular Junotion.

The cesophage-~proventricular junction was a short zone
which showed structures of both cesophagqus and proventriculus.
The longitudinal muccsal folds of the aesophaqus terminated
at this junction. The mucosa of the. proventxiculus was
thrown into folds of varying height. Thae 1lining epithelium
changed abruptly from stratified equamous of the gesophagus
to eimpie columnar epithelium of the proventriculus, showing
an intense PAS positiva reaction.
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The lamina propria was ﬁaavily infiltrated with lymphoid
tissue and contained many blocd and lymph vessels. Few
cescphageal mucous glands vwere also prasent in ths lamina
propria,

From the inner iongitudinal muscle of the cesophagus,
strands of smooth muscle passed inwards towards the mucosa
over the glandular lobuies énﬂ seen mixed with the collagen
£ibres of the lamina propria. | '

.The tunica muscularis hecams thickar and showed three
~ layoxs. The thin inner longltudinal layer showad thickene
ings at the base of the glana. a very thick circulgr muscle
forming the bulk of the musculature; s very thin cempact
layar of igolated longitudinal strands of muscle which
appeared to begln from the cescphagoi-proventricular junc-
tion. Thin connesctive tissuve layerg ware present batween

the muscle layers.

- outermost’ layer hed mainly losse connective tissue and
contained many blocd and lymph vessels and nexvas and it was

covered by a layer of serosa.
The proventriculus.

. The mucosal 1ining of the proventricular luman was
throvm into folds of varying hoight which rénged £rom 80 um
to 266 um. The folds wers the plicas and tha intervening
depressions wverae the sulcl. The surfacse epithelium of the

mucosa consisted of colunnar calls and the halght of the
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epithelium diminished towards the base of the sulel (Fig.40).
Towards the basal region, the cells were gquboldal in shapa.
The nuclel were oval to spherical 2nd vesicular., The cytow
ﬁlaam was fcamy and at the anterior and postorior parts of
the proventriculus, it showed a supranuclear PAS positivg
reaction which became weak posteriorly.

From the base of the sulel many simple tubular glands
extended into the lamina propria (Fig. 41). They were lined
by low columnar cells with large, sphérical, basai. vesi-
cular nuclel. They showed & bascphilic basal and acideophilic
apicai oyteplasm. The lumen of the gland was very nerrowv.
Fat vacuoles were observed 15 the epithelial cells and in
the superficlal proprial glands. The lamina proprias was
composed only of collagen f£ihres. Pew shrands of asmooth
muscles were also observed beneath the epithelium mixed up
witﬁ the connectlve tissue, The lymphoid tissue occurred
in both diffuse éﬁa aggragated forms. The connective tissue
of the lamina propria formed a thin capsule around the proe
ventricular glands and containsd many blcod vessels and

nerves,

The proventricular glands consisted of unilobular come
pound tubular glands. Only a single row of lobules were
cbserved in day-old ducklings. The glandular zone was
thickest at the middle portion of the proventriculus. In
the day-o0ld duckliings, the-lobules were glongated in the
anterlor and middle part of the proventriculus vwhereas in
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the posterior portion they were small in size and polygonal
in sheps. From {5 days cnwards, most of the gland lobulas
were round orx polygonal in shapa. The size of the lobuls
was largeat at the middle portion of the proventriculus than

at its anterior and posterior part,

Bach lobule consisted of numerous straighé tuﬁules
radiating £rom a central cavity (Fig. 42). Betwesn the
tubules there were blaod capillaries. The tubule was ilined
by a simple epithellum consisting 6f calls which made contact
with adjacent cells towards thelr base and had a dentate
appearance., The cells wera low golummar to cuboldal in shape.
HMost of the calls bulged into the lumen and showed intense
acidophilia of ﬁhe gytoplasm and condensed oval nuclel towards
thelr béaes. Some gells werg tall eolumnar with a spherical
vesicular nucleus in the centre ard lesa acidephilic cytoplasm.
Between the baaemant.meﬁbrane énd glandular epitheliuvm, few

emall cells with dark nuclel were alsc ohsaérved,

The tubules opaned intoe the gentral cavity from which
it was drained by a duct to the luﬁén of the provantriculus.
The central cavity and the duct were lined by tall columar
cells with spherical nucleus and foamy éytoplasm (Flg. 43).
They were pcsiti?e £or PAS reaction.

The muscularis mucosa a8 a separate distinct layer vas

not seen and tha submacosa was not obsarved,
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Tha tunica muscularis conslsted of an inner and an
outer longitudinal and a middle thick layer of circular
smooth musole £ibres (Pig. 44):¢ Tha thickness of the tunica
muscularis showed an increase with advancing aga. The
tunlica muscularis vas tﬁicker at the posterior end, A thin
layer of connective tissue betwesn the muscle layers con-

tained many blocd vessels and nerve plexusgcs.

The outermost layer of serosa consisted of loose
connective tissue with many bleed vessels, lymph vessels
and nerves, in addition to mesothelial investment.

Isthmus.'

The height of the mucosal folds gradually decreased
and the plicse gradually replaced ﬁy glzzard glandas The
surface was covered with a mixture of secretion from the
proventricular and gigzard glands. The proventricular secre-
pion showed PAS positive mucoid material and‘the glrzard
secretion presented a thin layer of koilin material. At
this porticn, the proventricular glands terminated abruptly.
The lamina propria contained straight tubular glands lined
by tall columnar cells with spherical, basal, vesicular
nuclei. These glands resembled that of gizzard glands. As
the isthrus merged with the gizzard, the inner longitudinal
smooth muscle layer merged with the circular layer to fom
the muscles of the craniocdorsal sac of the gigzard. The
outermost layer of longitudinal muscle was not observed at

the Aisthmus.
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The glzzard/misculay stomach
Gross obsarvations,

The gizzard was shapéd 11ke a biconvex lens and almost
£illed the left lower quadrant of the body cavitf. It pre=-
sented £wo convex lateral surfaces coﬁnected by twb ridges,
one dorsal and one ventral, It also showed two blind sacs,
cranicdorsal and caudoventral sacs. The proﬁentriculus
openad at the left sids of the cranicdorsal blind sac and
the ducdenum took off from its right surfaca..

The\éizzard was raelated to the dorsal surfacé of the
left lobe of the liver and partly in contact with the right
lobe (Fig. 30). Cranially-and to the right, it was related -
to the spléen. and caudally and to the right to the: jejunum
and the caeca. ZIts ventral contour reached the ventral
abdominal wall.. The ventral part.was close to the descending

and ascending parts of the duodenum. .

The dark coloured smooth muscle of the muscular stomach
was well developed and ssparated into two lateral muscles
(Gorsal end ventral) of the body and tws intermediate muscles
_(craniodo:sal and caudoventral) of the biind sacs. ALl thesa
muscles were attached to the extensive aponeurosis in the
right and left walls, The mucasa wag strengly adherant to

the masculatura.

The welght and length of the gizzard are shown in
table 14. The weight ¢f tho gizzard increased at a
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prograssive rate from 1,146 £ 0.062 g in day-old to 54,525 &
4,013 g at GO days of ags. A maximum welght of 58,317 %
4,575 g was recorded at 75 days of age (Fig. 45). ' The
gizzard contributed a maximum of 6.5% of the body weight

at 22 days of age gnd in later stages the contribution was
leas and at 180 days it was only 3% of the body welght

(Pig. 46). The weight of the glgzard remained statlc from
120 days and above (averago of 30 g) which is about 3,1%.of
the hedy weilght.

The gizzard haa a greatsr dorso—ventral dlameter except
in day=0ld ducklings in which the reverse was truc. The
craniccaudal and dorsce-ventral diameter and thickness was

highest at 75 days of'age {Table 15).

The weilght had a qorrelation coefficlient r = 0,9795
with granio—caudal dlameter and r = 0.9694 with dorso-ventral

diamster,

Histoloqgy.

The gizzard was covered extermmally by & serous coat
containing many blecd vessels. nerves and rich in adipose
tissue, Below the serosa was a tendincus 1ayer. It con-
sisted of closely packed parallel coliagen bundlas with
elongated, flattened f£ibroblasts lying amongst them. The
tendinous layer was thickest at the tendinous aponeurosis,
The centre‘of the aponourosis was devoid of muscle €lbres.

It appearaed f£rom thae observations that whereveyr the tendon
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was thick, the underlying muscle layers were thin and con=

. yersely at.the dorsal and ventral ridges of the glezard, the
. tendon was thin but the muscle layers wers thick., The thick-
ness of the tendinous layer wag 293 um in day-old ducklings
and it went uptc 933 um in 180 day.cld ducks. The tendinous
layer was absent in the craniodorsal and caudoventral blind

Sa0S.

Below the tendinous layer was the giszard smooth-muscle.
The lateral muscle consisted of a single layer of circularly
arranged smooth ruseles The muscle f£ibres were grouped
together 4into exteﬁsive Interlocking small bundles with
fraquent anastomosis bstween the adjacent bundleos (Pige. 47).
The muscle bundies were separated by thin layer of connective
tigsue formed of 'collagen fibres arranged perpendiculsr to
thae directien of the muscle fibres. BDleod vescels and nerve
plexusgs were seen in the congactiva tiagsue. In the young
ducklings, the muscle bundles werelloosely arranged whereas
in the édult birds they were very compact. The muscle layer
was directly attachad to the tendon at right angles (Fig. 48).

In the craniodorsal and caudoventral sacs, the ruscle
was arranged in two layers, the inner longitudinal and cuter-
eircular muscle layere separated by connective tissue fibres
containing bloed vessels and nerve plexuses (Fig. 49), 1In
certain regions of the cauvdoventral sac the inner layer of

the tunica muscularis detached a thin layer of muscle that
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extended through the lower part of the submucosa for a short
distance and then disappeared (Fige. 50).

The submucesa consiasted of a dense layer of connective
tissue formed of collagen fibres, many bleod vessels and

submicosal plexus near the glands.

ﬁhe lamina propria contained the gizzard glands which
penetrated down through its thickness to the level of sub-
mucosa, The proprial tissue composed of collagen £ibres
was sparse and was seen betwaen the glands. Towards the
fundic portion of the gland the interstitial tissue pre-

gented small blood vessels.,

Gizzard gland (Figs. 51, 52 and 53).

The glgzard glands vwere simple tubular glands. Same
glands showed branching at its basal portion. BEach gland
consisted of a distendsd fundus, long body and a neck which
opened into the crypt of the epithelium. Three types of
cells were observed in the glandular epilthelium.

The chief cell

In the lower part of the gland the chief cells were law
columnar to cuboidal with relatively large, spherical, basal,
vesicular nuclei. Some celle showed indented nuclei. The
cells beeane flattor towards the neck porticn of the gland.
The cytoplasm was dense granular with indistinct cell bor-

ders. The cells rest on an intact basement membrance. The



85

!

frea surface of the cell showed PAS positive striated border.

The cytoplasmic granules were demonstrated with phosphoe
tungstic acid-haematoxylin ctain but they were PAS nagative
{igs. 54, 55). In the fundic porticn of the gland these
granules wars distributed unifcrﬁly throughout the cytaplasm.
Sldghtly higher up the gland, the.grannles ware numerous in
ths luminz) part. At the fundus, the lumen was £xee of
secretory material. The secyetory materisl was seen in the
lumen of the body and neck reglons and was stained with PTAH;
At this part the cytoplasmic granules wera gonfined to tha
bésal porticn of tha asll.

In trichrome staininé. the cytoplasmic granules of the
chief cell took pink colour. In the fundic portion of the
gland the granules were concentrated at the luminsl part of
the cytoplasm and the lumen was free of seoretory material.
In the body and neck region of -the gland, the lumen contalned
sacretory material as thick rcds wheze. the cytoplasm was free

of secretory granules (Fig. 56).
The basal cell.

The basal cells wera few in number and observed at the
fundic portiocn of the gland (Fig. 53). These cells were
more at the crendodorsasl and caudoventral blind sacs. They
were large cuboidal, calls with centéal. sphericgl, vasicular

nueleus with a single nucleolus and pale oytoplasm.
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The intermediate cell.

In the basal portlon of the glan@ there ware few cells
which had the structursl £eaturas of both basal and chief
calls, Théy were large colls with vesicular nuclel and with
single nucleolus and moderately granular cytoplasm (Fig. 53).

The surface epithslium.

The surface epithelium showed small papillary projece
tions forming pits or crypts and composed of tall columnar
cells, The apex of the cell bulged into the lumen and showaed
striated border. The nucleus was basal, spherical or aoval
and vesicular. In Hasmatoxylin and Eooin staining, the
cytoplasm showed tws zones, & bascphilic basal zone containe
ing the nugleus and an acidophilic apical zone., In PTAH
staining the basal gytoplasm showad granules similar to that
of the chief cells, The apical cytoplasm showed a PAS
positive reaction (Fig. 55).

The core of the papillary projections of the surface
epithellium consisted of connective tissue gells and capie
ilarics. The cells at the surmit of the papillary projec-
tions showed pyknosis and cytoplasmic degeneration. These
degenerated cellular debris ﬁere-fcuna between the arrays

of vertical columns,

The thicknegss of the glandular layer was mcre at the
latoral wall of the gizzard than at the cranicdorsal and
caudoventral blind sacs (Table 1G).
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The gizzard lining.

The secretions of the gizzard glands formed a thick
layer lining the lumen of the organ. The thickness was more
at tha lateral wall of the glzzard (Table 16). This layer
had 2 laminated appearance in direction both parallel and
perpendicular to the surface of the glzzard mucosa (Fige. 57).
It consisted of arrays of vertical columns secreted by the
tubuiar glands which showed strong PAS positive reactlon and
a matrix produced by the surface cells which deposited perio-
" dlcally to Eorm.é.pattern of horizontal lsminze and showed
waak to nagatiﬁé PAS reaction (Fig. 59). In the cauﬁaventral
sac between the hordzcntal léminae. there ware large cavities
containing groups of coll debris (Flg. 58) and ih the cranic-
dorsal sac, the cavities were emaller in size. 1In the
lateral wall of the Qizzard the secreted materxial was uni-
formly spread out betveen the'vertical roeds. This layer was
acidophilic in nature in H & E staining and 1t took yellow

colour in Van Gieson's staining (Pig. 59).

The lumen of the fundic part of the gland was generally
fraa of secretions but cceasionally £ilamentous material was
noticed. In tha body and neck regions of the gland, the
secretions were seen és thick rods and projected from the
glandular lumen through the crypts and then vertically as
columﬁs reaching the entire thickness of the covering layer

to 1lts free surface to form a dentatd surface (Glzzard teeth).
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Repponae of secretory products of gizzard epithelium
o varicus stains io shown in Table 17 (¥ig.G0, &1 and 62).

The glizzardeduodenal junction.

The glzzamd-ducdenal juncticn wgs a narrow zone charac-
terized by the villus character of the mucosa and by the
colling of the tubular glands in the lamina propria. At the
point where ths ducdenum leaves the glzzard, the main masa
oé the gizzard masculature narrows down rapidly and the muge-
gularis mucosa orlginated from the innar longitudinal muscle
layer of the craniodorsal sac. The gizzard lining bacame
thin and fragmented and rapldly lost. The point of separa-
tion of these two orgens was delineated by a constriction of
the muscularis mucosa forming a fold of the muscularis and
the tunica propria {(Fig. 63). The fold cn the ventral wall
was thick than at its dorsal wall. Antarior to the £old,
the depth ¢f the crypt increased until the overall depth of
the gland and the crypte wers the same as that of the duo-
denal villi. Immediately posterior to the £old, the duodenal
villd and the crypts of Liecberkuhn in the lamina propria
vere chserved: Dense and podular form of lymphold tissue

was observed anterior and posterior to the fold (FPig. 64).

Tha ducdenal villi had the shape of a spatula, Both
largé and small villi were cbserved. The villus was iined
by tall columnar cells with striated border. The nucleus
wags spherical, basal and vesicular, The cytoplasm was
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granular and also showed vacuoles. Tha core of the villus
consisted of smooth muscle cells, fibreblasts, leucocytes

and red blocd corpuscles.

The lamina propriz was heavily infilerated with lymphoid
tissua. It contailned rany blood vessels and codled tubular
glands of the crypts {(Crypts of Lieberkuhn), The glands were
lined by tall columna:'cells with basal, spherical nucledl,
The cytoplasm was basophilic at the baaal part and %cido—
philic at the apical portion. The luminel border had a
gtristed appearance. Some cells of the gland showed an
apical. PAS positive reactlon. ‘

Pew goblet cells wers observed between the columnar
cslls of the villi and the gland. Between the columnar
cells of the gland and the villil large round cells with
pale cytoplasm were also obsexved. Small round cells with
irregular dark nuclet with globular inclusions were seen in
the interstitium of the intestinal vilii (Fig. 65).

The muscularis mucosa consistéd of longitudinally

arranged smaoth muscle £ibres.

The submucosa was very thin and in some regions it was
sbsent. Submucosal plexus was obsarved at this junction.

Brunners glands were not observed in the submucosas

The tunica muscularis consisted of inner thick circular
and outer thin longitudinal smooth muscle fibres. Betwean

these two layers, a thin layer of connective tissue
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eontaining many bleod vessels and nerve plexus were observed.

The outermost layer consisted of locse connective
tissug with many bloed vessels and nmerves and invested with

a layer of scaerosa.

Bloed supply

Mouth cavity and pharyni. .

Tho roof of the pharynx and the mouth cavity wore
supplied by the hranchos of the maxillary artery and the
£floor of the pharynx by descending cescphageal, laryngesl,
dingual and sublingﬁal branchas of the mandibular artery.

The blocd from the pharynx and the oral cavity were
drained into the rostrsl cephsalic veln and the datarjugular
anastonssis.

Ogsophagus.

Tha cesophagus waé supplleﬁ‘by tha oesophageal branches
af the vagal and mandibular arteries, degcending ocsophageal
afqary (branch of qesscphagotracheal artery), ascending cesoes
. phageal artory, casophagotracpecbrenchial {(branch of carxotid

artery) artery and ogsophageal branch of tha acrta.

The left ascending cescphageal artoxy arcse ﬁrom the
vagal artery and crossed towards the right, extended Qra-
nially between the trachea and casophagqus and supplied the
cervical oesophague and crope. The right ascending cesophaw
gaal artery originsted from the common earotid artery
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opposite to the cranial border of thé thyroid, extended
cranially end supplied the lateral wall of the crop and the
casophagus,

The oesophageal artery originated £rom the eorts near
the boginning of the cceliac artery, entered the wall of
the thoracic oesophagus close to the hilus of the lung and
gupplied the thoracie oesophagus.

The common carctid artery was glven the cesophagotracheo-
bronchlalk aﬁteny near the cauaal bordar of the thyrold and
supplied the caudal part of the trechea, syrinx, brcnchi,
thoracic cesophagus, eranial part of the proventriculus and
thyroid giland (Fig. 66). |

'Branchgs of the mandibular artery supplied the cranial
part of the cesophagus and vharynx while the dascending
ocesophagotracheal bkanch supplled to ths eesophagus and
trachea,

The cervical cesaphagus and qrop werg drained by small
oasophageal veins axéending cranially and caudaily Joining
the jugular veins. The thoracic cesophagus was drained
directly by the craniel venacavee and alsc by the veins of

tha glandular stomach.

Proventriculus and glzzard.

_ The proventriculus and gizzerd received blood supply
£rom the coelizce artery (Pig. 67). The ccellac arkery
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coursed caudoventrad batween the provenbriculgs and the

right lobe of liver. The dorsal proventricular artery arcss
from the coeliac artery and continued on the dorsal surface
of the proventriculus on to tha dorsal surface of the’ gizzard
as the doraal gastric artery.

The coeliac artory was divided into large right and
small left rami at the cranial pole of the spleen. Tha left
ramis of the coeliac artery progresced on the right side of
the proventriculus o its Juncticn with the gizzard, gave
the left hepatic artery, ventral proventricular artery, a
series of ventral gastric arteries to the ventriculus end
the pyloric artery to ;he pylorus: The left ramus continued
on tc the left side of the glzzard as the left gastric artery.

Right ramus of the coellac artery continued ag the
right gastric artery.

The vensus .drainage of proventrlculus by the cranial
and caudal proventricular veins, Dorsal proventricular vein

was abacnt.

Tha blocd from the muscular stomach was dradned by the
right gastric vein which opened into right hepatic portal
veline. The crandoventral and left aspect of the glzzard were
drained by the ventral and left gestric veins which joined
the left hepatic portal vein.

L Nervs supply

The oral cavity and pharynx were innervated by branches
of the glossopharyngeal and hiypcglossal nerveg.
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Tha thoracle césophagus was inner=

t+he cesophagus and Qrope
ea and' the pulmono

yated by the pranches of the recurrent nerv
cegophagaal pranches of the vagl, oosophageal plexus and

nerves £rom the coeliac plexise

+ho direct branches

TThe p:oventricuxus was innarcvated by

the recurrent nerves of the vaguse

of the vagus and £rom
reached the yentyal

ae f£rom the maln erimk of the vagus

Tho
porsal to the prnvantriculus.

a of the proventriculus.

suxfac
‘ghe right and 1eet vagh exchangadtheir £1bres and supplied

rt of the provantriculusq

ta the mascular atomache

the dorsal pa

Both vagi ware_diat:ibutad

Right vagus innervated malnly the yontral part and left

vagus the dorsal part of the gizzarde
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Table 1. Bedy welght of ducklings at different.
agaes. Moan + S,D. .

-y =y

Age in days Body weioht (a)
1 34.33 + 0.80

8 44.66 + 3.48
15 86.00 + 9.57
22 162,33 & 18,77
30 326.33 + 25.45
s 784.17 & 25.45
60 1246.66 + 62.91
75 1661.66 + 67.00

© 90 1708.30 + 80.88
120 1600.00 + 51,05
150 2023.30 + 53.64
180 1611.66 + 36.55
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Table 2. Average langth and width of the upper bill and
hard keratin at different ages

Uppar bill Hard keratin

Age in days

Length Width Length Width

() (mm) {rm) (rm)

1 15.8 8.0 547 5.0

8 24.2 12,3 - 7.0. 8.5

15 27.0 13.4 7e3. 6.9

22 33.2 14.6 8.3 7.4

30 40.7 17.9 8.3 7.6

45 51.0 23.6 92.5. 7.7

60 58,0 . 24.8 . 10,6 ~ 8.8

75 6440 5.6 112 9.7

0 7045 26.3 . 11,7 10.4

120 71.0 27.7 _  11.8. 11,5

150 74.6 27.2 12,5 11,6

180 75.0 27.6 14.0 1li.6
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Table 3¢ Average length of the choanal slit at
dliEferent ages

Anterior Posterior Total
Age in Qays narrow part wider pars (mm)
{ren) (rmm)

1 1.6 . 6.0 746
8 3.2 . 70 10.2
15 440 . 83 12,3
22 4.5 . 9.6 14.1
30 . 547 S 118 17.2
45 649 . 145 2144
60 746 . 15,0 22.6
75 8,3 . 15.2 . 23.5
20 9.0 | 15,5 | 24.9
120 9,8 . 16.0 | 25.8
150 10,6 L 16,5 27,1

180 11.0 . 16,8 . 27.8




Tablae 4.

Length and weight of the tongue at
dlfferent ages (Mean + S.E.)

Age in days Length Weight
: (cm) (o)

1 1,50 + 0.03 0.142 + 0.003
8 1.85 + 0,07 0,319 & 0.03
15 2,25 + 0,08 . 0.556 + 0.04

22 2.60 + 0,08 0,994 % 0.06.

30 3.38 + 0.06 1,937 4 0.06
45 4.35 + De1l 3,253 & 0.04
60 5.23 + 0,08  _ 4.820 * 0.19
75 5.43 % 0,17 _ 5.503 + 0.32
90 5445 + 0,14 . 54320 % 0.40
120 5,48 & 0.13 . | 5,498 % 0425
. 150 5492 % 0,15 6.070 * 0.20
180 + 0,18 . | 5.932 & 0.33

600




Table 5,

Thickness of the tongue epithelium (um)

Mean + S.D.

Age in Antesior 1144adle rosterior _

days Dorsal Ventral Dorsal Ventral, Dorgal Ventral
1 19646 £ 646 10646 % 3.6 194.6 + 9.9 127.9 + 7.6 137.3 &+ 7.6 79,9 + 11.2
8 205.3 & 2.6 146.6 % 2.4 206.6 £ 4.4 130.6 % 13.3 136.6 + 11,1  129.9 + 11,9
15 253,3 % 4.3 199.9 % 5.9 223.3 % 6.6 166.6 & 7.3 .167.9 & 13.3 133.3 + 6.6
22 333.2 £ 3.6 239.9 & 6.2 259.9 i 13.3 226.6 % 7.9 181.3 & 14.6 166.6 + 9.3
30 339.8 # 9.3 253.3 # 5.3 323.9 3 7.5 243,9 +'10.6 247.9 £ 9.9 230.6 &+ 6.3
45 353.2 £ 13.6 279.9 & 8.6 326.6 + 4.3 323.3 + 6.6 B813.3 + 7.9 233.3 + 9.3
60 373.2 £ 11.7 313.3'% 6.6 - 353.2 % 6.6 3233.3-% 13.3  337.3 3 4.6 203.3 £ 4.6
75 399.9 £ 6.6 . 350.6 + 6.7 373.2 £ 13.3 337.3 + 11.3 373.2 + 5.6 306.6 + 8.6
90 373.2 & 7.5 269.9 % 10.6 366,6 % 4.3 319.9 + 4.6 363.9 + 8.3 279.9 £ 9.9
120 379.9 £ 5.3 2706 & 7.6 413.2 £ 8.6 333.6 £ 8.6 399.9 ) 6.6 319.9 & 6.8
150 38646 + 8.6 293.3 4 3.4 47406 2 5.3 399.9 & 6.6 461.2 + 7.9 339.9 + 9.3
180 367.9 £ 13.3 270.6 % 1646 34646 & 14.6 336.6 * 14.6 386.6 + 5.9  323.9 + 10.6

89
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Pable 6. Length and welght of the pharynx at dlfferent
ages (Mean # S5.E.)

Age in days

Length
{cm)

Yeight
(g)

i5
22

45
&0
75

120
150
180

0493 + 0,049

. 2,83 £.0,128
2,97 + 0.033

2.67 +. 0,105

0.237 % 0,03

© 0.428 * 0.039

0.676 + 0.076

. 1.010 % 0,064

24049

I+

0.115

. 3,682 + 0.084

4.761 + 0.337

. 54445 4+ 0.436

54206 + 0.445

. 54770 % 04437

5.887 + 0.216

. 4,964 + 0.343
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Pable 7. Pharyngeal roof = thickness of the epithelium
at different ages (Mean + S.H.)

Age in days Anterior Posterior
: (um) (um)
1 66465 £ 0.0 66-6$ %+ 0,00
8 102.64'. + 27.7 79.98 + 13.3
15 127.97 % 11.86  103.30 % 6.67
22 162.60 % 11.? 122.60 * 17.3
30 186.62 i+ 0.0 159.9§ + 0.0
45 219,95 + 7.7 176.62 + 6.6
GO 226.61 + 9.3 186,62 + 9.3
75 266460 + 2.0 230.60 % 153
%0 288.86 + 19,99  248.87 + 15.3
120 296,59 + 22.6 253,27 # 31.59
150 266460 + 6.4 226,60 # 8.2
180 2264680 + 7.7 213,28 + 6.7
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Table 8. Length of the ocasophagus at difﬁerent ages
(Moan i S.B.)
Age in Cervival Crop Thoracic Total
days caesaphagus {cm) oaaophagus {cm)
(cm) (cm)
3.25+0.056 1.0'3;9;0.076' 1.42;»_0.0:7 5,700,089
g8 4.1840.285 1.6.3_+_0.12 | 1.97-1_;0.152 ‘7578:_!'_0.464
15 0680265  2.3830.199  2.65:0.205 9.7230.564
22 547020469 3.7'.'530.23 | 3.85_-!_;0.3;1 13;22}_1.05
30 7.20 +0.31 6.1;75_0.167' 4.52_1_0.35 17,9840 .589
45 9.,42+0.56 7.2.5_-_1-_0.281- 6.4510.4'5'7 23.1.2;_3_-0.653
60 9,8340.573 11.05;0.83r 6.50;0.46 z7.4é_+;1.o7
75 10, 2004622 12.565—,0.922' 7.20_4;0.455 29;90}_1.22
90 10.22+0.425 12-.4'210.757 | 750404258 3051341.002
120 945240607 12.6510.494 | 7.235_«_0.46 29'.42;30.514
150 11.0040.465 13.00-!-0 885- '7.08;_!;0.3'96 30.0P8i1.234
180 9475+0.54 14.67+o 357 7.9210.436 32.3'33;0.945

1
§



Tableg 9, Uelight of the casophagus and crop at
‘ different ages (Mean + S.E.)

Oasocphagus and

Age in days crop
(o

1 ©+ 0.225 £ 0,011

8 |+ 0.582 % 0,066
15 . © 0.856 % 0,084
22 . 1,748 £0,165
0 - 3.414 % 0,304
45 . 7.192 #0416
60 124405 % 0,534
5 .+ 14.802 1 0,858
0 12,616 £ 0.736
120 . 11,548 % 0,575
10 . 13,351 0,717

180 14,047 % 0,133




Table 10. Diameter of the cescphagus at dlfferent ages (Mean i S«E.)

b

Age in Cervical cesophagus (mm) Crop (mm) Thoracic cesophagus (mm)
days anterior Middle Posterior Junction Middl@ Junction Anterior Middle Posterior
Of cervie of thoraw=
cal 0gso= cic cesg- -
phagus phagus.
1 3.87 2.43 2.38 2035 2.68 2445 2e2 2433 247
40,22 #0.08 40,101  40.118 30.17 0.16 40.103 10,092  40.061
8 4425 3.2 3,22 3.3 3.98 2.98 2.65 2.45 243
: 20.145  20.24 30,235  40.208 30.319 40,219  40.226 40.143  10.149
15 " 3.8 3.52 44216 4.7 4.95 3.87 3.03 2.68 ' 3.17
0,246 30,151 40,199  #0.229  $0.235 30.229  0.147 30.105 +0.247
22 S5.2 457 5.08 5.63 6.55 5.17 4.9 3.53 3.63
40.35 #0.198 30.318 - 30.428 40,442 40,322  40.338 +40.368 +0.283
30 6.78 5.08 65,15 0.7 8.6 Te22 5.983 4.68 4,1
#H,.503 20.17 30.201 ;5_0.389 ;_!-_0.855. 30.517 1-0'.409 40.285 +0.342
45 8.817 7.283 8.23 9.38 12.32 Q.42 7.95 6,27 5.483
60 8.9 75 - ‘8448 0,37 13.47 2,05 . '_7.5_ 5.783 5.65
304298  20.469 10.363 °  #0.482 ~ #0.62° £0.352 ~ 30.262 10.312 +0.274
75 B.13 6e37 T.42 8,95 12.68 8.438 6«5 5.88 5.62
#0.413  30.368 +0.501  £0.78  #0.658 +0.35 +0.416  40.239  10.308
50 8.18 6.683 7.6 8432 . 13.25  8.63 6.72 5.567  4.95
200266 30.346 #0.611  0.604 30.716 #0.564  20.229 10.248 40,256
120 2.08 732 7.783 B8.57 12,67 8.33 712 Ged2 N = Y 1
#0.573  #0.302 #0.462  £0.454 30.635 30352  0.219 20,154  40.377
150 8.88 7.15 .63 8.42 14.12 7.7 6.6 6.12 Ce27
20,602 #0429 10.539 30436  £1.34  40.276  +0.280 40.264 40,298
180 G.5 7.63 8,35 9.9 14.55 B.37 6,98

5.9 6.6
30.543  #0.398 10.535  #0.359 £1.39 20.259  40.443  10.267 40,339

£L
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180

8449 % 0.49

Table 11. Average diameter of the cervical and thoracic
oagsophacue at Aigferent ages (Mean i S.E.)
Carvical Thoraclic
Age in days oesophagus aasophagus
. (tan) {mm)

1 2.89 + 0.13 2,30 + 0.09

8 (3456 £ 0421 . | 2.5) % 0.46
15 3.85 i 0.60 2.96 + 0.17

22 4,95 + 0429 4,02 £ 0.33
.30, 600 #0429 . . 4,92 % 035
45 8.11 + 0.38 6.57 + 0.45

60 8,29 % 0.38 6,31 + 0,28
75 7030 £ 0,43 600 % 0432
90 7.49 + 0.41 5,75 + 0.24
120 | 8406 £ 0445 6,66 & 0.25
150 9.89 4 0452 6433 £ 0.28
6.49 + 0.35
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Table 12. Langth and welght of the proventricu..ura
at dlfferent ages (Mean i+ S.E.) -
Age in days Length Wedght
(cm) =)
1.50 % 0.68 0.28 £ 0,01

8 1,60 & 04146 o 493 + 0,064

15 . 2.17-% 0,112 0.927 + 0.119

22 2.48 %,0.180 1,589 + 0.193

30 3.22 + 0,142 2,570 % 0.124

a5 3.97 & 0,033 4927 + 0,144

60 4.46 % 0,133 5.393 & 0.234

75 5.72 4 0,569 5,630 % 0.435

0 5.25 + 0.250 5.274 + % 0. 306

120 4.57 % 0.152 5,212 4 % 0.429
150 5.42 % 0,20 . 5,810 % 04195
180 5.25 % 0,112 5,587 4 0.195
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Diameter of t¢he proventriculus at different

Table 13.
ages (Mean + S.E,)
Age in " Anterior Miadie Posterior

days= () (soan)} ()
1 3.00 # 0.1 5430 % 0.14' 5423 4+ 0419
8 3.30 + 0422 7.67 £ 0.42 5.72 £ 0.43
is 4.33 % do32 8.68 & 0.32 7.2.1 + 047
22 6440 % 0449  10.23 % 0.79 8.08 % 0,52
30 7.60 + 0.27 10,82 % 0.37 9417 % 0.43
45 10.08 # 0.50 13,47 & 0.32 11.69 + 0.29
60 9,83 £ 0,13 12,13 % 0.50  10.83 & 0.45
75 9.88 £ 0.28  11.27 % 0.59 9.94 * 0.24
0 .05 £ 0,35  10.97 £ 0.46 9485 % 0.21
120 10.02 # 0.36 11,95 % 0.36  10.02 % 0.60
150 9023 % 0u38 12,15 £ 0,24  9.27 % 0.30
180 10437 % 0427 10.60 & 0.44

12.03 % 0.36




‘I‘qble‘ 14, gﬁgﬁt and length of the gizzard at
erent agss (Mean % S5.%.)
Age 4in daya weight Length
(ar (em)
1.15 % 0,062 1.78 * 0.067
8 . 2468 £ 0.275 2,00 % 0,086
15 5.52 & 0.724 . 2.60 % 0.144
22 10,60 + 0,964  3.18 + 0,145
30 118,16 £ 0.815 . 3.50 % 0.224
45 34,64 + 1,118 4,68 £ 0.114
60 /54,53 + 4,013 5.65 £ 04131
75 58432 4+ 4575 5485 % 04233
S0 §7.70 g—_‘z.9$ . 5430 £ 0,052
120 50,80 4 1.856 . 5.43 % 0,145
150 /50,84 £ 0,745 . 5.37 % 0.089
180 5012 % 04365 5,32 % 0.087
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Table 15. Diameter of the giszard at dlfferent ages
(Mean & S.E.)
Age in Cranio-caudal Dorzoventxal Thickness
days () {mm) {men)
1 15437 + 0,11 ‘14,40 + 0429 8,48 4 0.21
8 18468 + 0,56 ‘28482 4 1,001 13,12 % 0.63
15 23,13 % 0.78 28,35 £ 1,81 16,55 4 0.90
22 25,75 & 1e12 35,52 £ 1.61 20450 £ 036
30 32438 + 1,15 ‘45,10 £ 0.63  '24.70 4 0.32
45 41,03 + 1,01 ‘53,62 £ 0.59 30,75 £ 0,45
60 44.82 + 0,99 62.42 + 1,09 34,87 & 1.27
75 48,30 # 1,018  64.75 ¥ 1,48  37.20 £ 1,045
90 46421 & 0,56 62460 ¥ 1,02  34.€68 £ 0.579
120 45421 % 0,70 61437 + 0493 33,63 & 0432
150 47.20 & 1,05 62.58 + 1,17  33.35 & 0.44
180 44.60 % 1.14 61.73 & 1.81 32,73 & 0.87




Table 16. Thickness caf the gizzard lining and the glandular layer of the glzzard
(Mean + S.0%)

Age in Gizzard lining (um) Glandular layer (um)

- days, Lateral Cranicdorsal Caudoventral Lateral  Cranfodorsal Caudoventral
wall sac - sac _wWall sac sac

1 12,50 + 1,87  9.80 & 1.48 12.00 % 2.44  30.50 * 3.69 20.00 # 1,66 21.35 + 1.65
8 18.75 1 0.96 10425 & 1,26~ 1S.75 # 1.70 - -31.75 & 1.7L . 22.75 & 2.99 30.25 % 1.71
15 20.75 & 2421 15,25 1 1.26 17,75 & 2.22 32,75 & 2.5 30,75 £ 1.89 24,50 & 2,08
22 20.80 + 1,92 18.20 & 3.11  10.80 & 2,39 54,20 & 3.19  36.00 & 1.83 30.25 + 1,71
30 28.80 + 1,30 15.75 £ 1.70  17.80 + 1.48 44.00 % 1,82 34,12 4 1.84 23.75 + 2.55
45 28.40 £ 2,88 18,50 + 2,08 21,25 4+ 2,99 4875 & 2,98 37.40 & 1.34 38.60 + 5.45
60 43,40 £ 2.96 20,75 % 2.22 22,75 & 3,59  68.25 & 3.3 34,40 & 3,28 52.50 + 6.45
75 40.20 & 3.35 21.20 £'3.03  25.00 & 2,58  71.50 # 6435 34.50 % 2.65 38.75 & 2.98
90 20460 & 3458 20,20 % 1.92 29.25 £ 2.32 70,40 % 2.70° 45.00 + 3.01 60.50 # 2.08
120 51.25 + 2,98 19.50 4 1.29 23.80 + 1.92 T0.75 + 2.5 39.00 # 5.59 52.00 % 3.16
150 33.50 & 2,38 22,75 £ 2,75 32.00 % 6.48 66,40 % 3,05 34.50  3.87 - 45.20 + 2,17
180 45,25 % 2,5 15,60 % 1.5 ° 51.20 £-2.23 51,75 % 1,70 25.75 + 1.70 31.20 £ 1.30

T A



Table 17, Rasponse of secretory products of glzzard eépithelium to various stains
Mo Intracellular granules Luminal contents Covering membrane
thod .
Tubuleg Surfsce . Fundus Bady Neok Column Matrix
PAS - e - ++ AAMS aaad +
AF - g - -+ 4k - +
Tr.‘l.chmm: +4 . - A Pl - +b44

'The intensity of the reaction was graded as follows:
' ‘ " *a' Absoni . .
*4' Slight/trace
"4+t Modorgte
. Y44+ Strong .
S44+4*  Very strong



Table 18, Correlation matrix of weights

" Tongue  Pharynx

Age Body 0aso= Proven- Gizzard
weight welght walght phacus tricular weight
waight weight

Age _ 1.0000  0.8831  0.8832  0.8409 0.8441  0.8101 0,7898
Body weight 1..0000 0.9863 0.5720 09744 0.94092 0.5588
Tongue weloht - 10000 0.9809 * 0.9889 0.9738 0.9811
Pharynt weight 1.0000  0.9760 0.9797 0.9840
Oasophagus weight 1.0000 0.9864 0,9891
Proventricular weight 1.0000 0.9795
Glzzard weight 1.,0000

T8



Table 19. Correlaticn matrix of lengths

Age Tongus Pharynx Cervical Crop Thoracic Length Proven-
length length o080« length o©gsc= of osso- triculus
phagus phagusg phagus  length
length length
Age 1.0000 0.8812 0.7674 0.788¢ 0.8019 0.8349 0.8603 0.8300
Tongua length 1.0000 0.9760 09777 0G.9214 0.92831 0.9966 00,9838
Pharynx length 1.0000, 0.9862 0.9592 0.9714 0.9809 0.9814
Cervical oesophacus
length L 1.0000 0.9475 Q.9736 0.9787 | 0.9726
Crop length . 1.0000C 0.,968%9 0.,9903 O «9708
Thoracic casophagus _ .
length 1.0000 06,9921 0,9703
Cesophagus length 1,0000 0.9833
Proventriculus length 1.0000

28
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FTable 20. Correlation coeﬁfic;enté of weight
: and length of the organs

(Dorgoevantral dismeter)

_p coxrelation'
Organ - coofficiont
© Tongus 0.9934
Fharynx 0.9792 _
Qesaphagﬁs 0.9748 |
ﬁrovantriculus 0.9731
Gigzarnd
{(Cranio~gavdal diamater) 0.9793
Glzzaxd 0.9694
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DISCUSSION

" Growth

Tha tonogue, pharynx, oesophagus and gQrop, proventriculus
and the gizzard showed a progressive growth pattern upto
7% days of age. The oesophacus and crop and the glzzard
attained the matimum weight at 75 days whereas the tongue,
pharynx and proventriculus only at a later ags of 150 dayg.
The weight of all thess organs were mora correlated posli=
tively to body weight than with ags (Table 18). .The contri-
butions of tongue, pharynx, oesophagus and cr;:p and praven-
triculus ¢o body weight were maximum at eighth day of age
and that of gizzard at 22 days of age. The order of decrea-
sing contribution to body welght was glzzard followed byh
the ocasophagus and c¢rop and proventriculus. The contribu-
tions of tongue and pharynx were negligible.

Mouth cavity

The hard keratin at the tip of the upper bill was
spatula shaped and presented a whitish madian line which
was abéent in dqucks aged 45 days and above. The lamellase o
on the upper and lower bill acted as a sdeve and helped
during foraging. The four wide based papillae caudal to
the median longitudinal mucosal ridge of the palate ware
arranged in line in mest birds and in pairs in some birds,
one palr in line with the ridge and the caudal pair side by
side. The length of the bill and the choanal slit increased



85

with advancing age (Tables 2 and 3), In addition to the
© datalled observations noted above, the pregent £indings
acgreed with tha genaral morphologlceal descriptions given
by Das gt al. (1965) and McLalland (1975),

) Tongue

\

The gpatula shaped tongué with thin rostral end showed
a median longitudinal groove on its dorsal surface which
4id not extend to the full length of the tongue. This groove
stopped a little in front of the middle third of the tongue.
The various papillae on the dorsal surface and lateral mare
gins reported by Das gt al. (1968) namely, £iliform, conical
and fungiform papillac have been cbserved in the present
ptudy also. However, the longlitudinal zows of small papillae
In the middle third of the tongue conveggéd caudally where
a nodular enlaréement on either side was seen.

The papdllae at the rcot ¢f the tongua, forming the
Jandmark of the oral cavlty, wore arranged in two rows,
Among these, the largest ones wWere seen close to the nidlins
except in daywold ducklings in which the papillac were of
ecual sizes,

The ventral surface of the tongue was marked by a
median ridge and at its tip a triangular eminence corres-
ponding to the depression recorded on the dorsal surface

was Sach.
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The differences in thickness of the stratified ‘squamous
epithelium at different ages and regions reflected variaticns
in the degree of mechanical stress to which the partieulaf
region ig exposed, Similer observations have been raported
by Biswal and Das (1967) and-Rac and Hafeezuddin (1988).

The superficial layers of the epithelium shovwed st.rong prow
pensity to slough off, In the day-old ducklings, the stratum
cylindricum was thick and coemposed of long columar gells.

Tﬁe darmal papillas surfaced with colls of the stratum
oylindricum giving a fern like appearance and they showed a
progressive development with age. There was also a propor-
tionate increase in number of dermasl papillae with thickness
of the epithelium. In the adult Quck, the dermal papillase
at the middle and caudal part of the tongua were wide and
few but it presented a follicular nature. Ths general
increase in the thickness of the spithelium and the davelope
ment. of the dermal paplllac as age advanced suggest that
thess changes are based on physiclogical nsed. The vascular
connegtive tissue in the papillae provided nourishment to
the gpithelium, |

The lamina prapria was thin towards the anterior POL=

tion of the tongue whersas in the bedy and root it was thick.

The muscles of the tongua were scanty and cbserved
mainly in the caudal part arranged longitudinally around the

entaoglossal hone and some £ibraes ware arranged transvarsely
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and obliquely, Similar cbservations have been made by Rao
and Hafeezuddin (1988). The origin of these musclies was gaid
tc be from the hyold bone (Ziswiler and Farner, 1972).and as
such there is no intrinsic muscle in the tongue. The movement:
of the tongue is very largely due to the great mobility of

the hyo@d apparatuz and not entirely by the action of the

muscles,

_ Large number of Herbst'a corpuscles were observed in
the lamina propria close to the deeper layers of the epithe-
lium, They ware nﬁﬁerous at the base of the barbs snd other
papillae. They cccu;red eingly in the anterior_part and in
groupa towards the posterior.régiqn of the tongue. &mgkaLand

. EDAG:L.(1967) and Rac and Hafeezuddin (1988) have recorded

" the érasence of Herbst's corpuscles in the tongue of domestic
duck.

Grandoy's coypuscles in the tongue of duck reported by
'Rao andi’ Hafeszuddin (1988) have been confirmed in the present
study. A few tactile corpuscles with a fir cona appearance
resembling Melssnex's corpuscles ware also sesn in the lamina
propria. According to Nickel gt al. (1977) these corpuscles
are specialised touch endings supﬁlied by trigeminal nerva,

In addition to these there were numerous encapsulatéd
spherical bodies consisting of two tc four horizontally
oriented columnar like cells with a granular cytoplasm and
central, spherical, vesicular nucleus with a distinet nucleolus.
Its significance has nct boan understoqa.

L
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According to Tucker (1966) the skeleton of ths tongue
of chicken was formed by paraglossal and rostral basibrane
chial bones between which they formed a synovial hinge. On
the'other hand the skeleton of the tongue of duck was formed
entirely by paraglosgal bone which was eontinued rostrally
by an oval dorsoventrally flattened hyaline cartilage which
réﬁained cartilagenous aeven at the age of 180 days. At the
middle portion of the tencue; the bone was more or less
circular in ocutline and at the posterior part it was thin
and wide with a ventral concavity. Ossification started
from eight days of age £rom the posterior part of the bone,

Present. study revealed the presence of £iiiform, fungie
form and conical papillae on the tongue of the demestic duck
as repoxted by Bilswal and Das (1967). But Rao and Hafeezuddin
(1988) could not obsarve true fungiform papillaes on the
tongue of duck. No taste buds could be detected in the
fungiform paplllae of ths duck in the present study, as seen
in mammals. According to Zietzschmann (1911) the tongue
papillac of birds are distinct £rom the fungiform papillaa
of mammals.

Large number of oval shaped taste buds wers observed
in the middle and posterior part of ths tongus. They cone
gisted of an aggregation of elongated nucleoated calls stained
pale with eosin. Rac and Hafeezuddin (1988) ohserved only
teén taste buds in the rocot of tha tongue of duck. Gentle
(1971b) observed similar type of taste buds in chicken.
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Biswal and Das (1967) Aid not observe any taste buds in the
tongue of domastic duek. While Hafeez (1968) and Dorst
(1971) reported about 200 taste buds in the duck, Lindenmaier
and Kare (1959) reported glandular buds in chicken asscclatad
with the ducts of salivary glands.

The anterlor and posterior lingual glands of duck wera
observed on the dorsolateral aspect of the body and ventro-
© latéral aspect of the root of the tongue raspectively, as
reported by Calhoun (1954) in chicken. They were compound
tubuloalveolar glands entirely £ormed of mucous type columnaz
cells. Biswal and Das (1967} and Rac and Hafeezuddin (1988)
observed only single row of mucous glands on the dorsolateral
aspect of the tongue of domestic duek. The glands ware
holocrine in nature and the lumen contained cell debris and
secreted material. Findings of the present study confimm
the earlier reports of Biswal and Das (1967)., But Chodnick
(1948) described the apccrine nature of gearetion of salivary
glands ofldcmestic fowl, The present study showed that the
salivary glands of duck were well developed and composed
entirely of mucous secretory end places. The adaptation of
gsalivary glands to the type of £sod consumed has boen studied
axtensively by Antony (1920). She has stated that duaks and
goese whose food has little natural lubrication have a full
compliment of salivary glands. The primary function of avian
salivary gland is muccgenesis and that of saliva is lubrica-
tion. |
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Pharynx

5

The pharynx had many small caudally dlrected papillaa.
The infundibular slit was a narrow opening. Caudal to the
hase of the tongue tws largs phatyngsai papillae bearing
numercus small papillac wera present. These cobsgservations
are similar to that of Das et al. (1965) and McLelland
(1975). 3In the present study, a well defined ¢ransverse
row of caudally dlirected papiliae at the junction with the
casophague was noticed as reported by Hclelland (i975), but
Das gt al. (1965) could not locate them.

© The laryngeal mound was relatively alongated and
blended smeothly with the pharyngeal £loor compared to
chicken (White, 1968)« The length of the laryngeal mound
increassd £Xom 6.3 mm €0 27.8 mm and width frem 3.8 mm to
14.3 mm £rom dayeold to 180 days of age. White (1968) had
racorded the length of the mound as 24 mm to 28 mm and width
as 12 mn in adult duck,

The pharynx was lined by stratified squamous epithelium
~ 8nd thickness decreased towards the junction with the cesc-
phague and more on the roof than its floor. The surface
was rough dué to sloughing of the superficial layers. The
dermal papillae were scanty. Many caudally directed pointed
papillae with a distinet lamina propria and covered by
keratinised epithelium was observed on the mucosa.  These
findings agreed with the earlier reports of Rac and
Hafcezuddin (1987b).
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Though Zisviler and Farner (1972) veported extensive
cornification of the pharynx of birds, this could not be
cbhsaerved in the epithelium excapt on the papillae, as repérted
by Hodges (1974) in the fowl. ‘ ' |

The lamina proprla was continuous with the subwmucosa
and the muscularis muccsa was absent as in fowl (Calhoun,
1954)and Hodges, 1974). B

_Dense lymphoid tissue in the form of pharyngeal tonsils
has been locaéea in the lamina propria near the choanal siit
and infundibular slit. Thay were also’'seen in the submucasa
adjacent to pharyngsal sallvary glands. Similar lymphatic
aggregaticns have been noticed in fowl by Calhoun (1954),

Trautmann and Fiebiger (1957) and MoLelland (1975) have
recorded Herbst's and CGrandry's corpuscles and Lindenmaler
and Kara (1952) have rgported taste buds in the pharynx of
fowl. 1In the duck these structures were not seen. These
cbservations are in agrcement with those of Rag and

Hafaezuddin (1987b).

Densely arranged branched tubuloalveolsar PAS positive
glands werg cbserved in the submucosa and below the glands,
there were striated muscles ag reported by Rac and Hafeezuddin
(1987b) .

The stratificd gquamous epithelium of the margin of the
choanal slit changed to respiratory epithelium inside the
slit, The slit contained simple mucous glands which showed
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holcoorine gecreticon and there was also a cavernous tissue

in the lamina propris.

Lymphoceytic nodules were observed at the transitional
zones The lanina propria was thin with collagen and few
elastic £ibres: Sukimucosa conéained crico-arytencid glands
and superficial and deep intrinsic muscles of the larynx.
The laryngeal cartilages were cricoid, procricoid and paired
acytenoid cartilages. These cartilages showed signs of
ogsification from gight days of age. This confirms the
£4ndings of White (1968).

The cesophagus and crop

| The course, dlameter and relaticnship of the cesophagus
0f domestic duck have been worked out at length, The crop
was observed as a spindle shaped enlarvgement just cranial to
the thoracic inlet whereas Das gt asl. (1965) reported that
the crop was absent in duck. The length of cesophagus and
crop increased 3.15 times at a progressive rate upto 30 days
of age'and-thereafter the increase was at a slowar rate and
at 180 days of age it had'a length of 32.33 % 0.945 cm. The
anteriormost part of the cesophagus showed greater qiamcter

 compared to other reglons except the crop.

L

The mucosa of the oesophagus and crop showed many longie-
tudinal folds. The micosal folds permit considerable dige

tension without undue stretching of the mucosa.

The crop has been described by Blount (1947) as a
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receptacle favouring the growth of acideforming carbohydrate-
splitting bacteria and has been considered by Bolton (1965)
to function in a manner which bears certain resemblance to
the rumen. The scanning clectronmicroscople study of the
chicken crop showed folded surface with a very dense surface
bacterial population indicating microbiale:ical fermentation
and digestion of feed in the crop of chicken (Bayer et al.,
1975). Whether such a function exists in the crop of the
duck has not been established,

Although Ziswiiar aqd Farner (1972) reported extensive
cornification of the cesophageal epithelium of the dusk, in
this study no distinet stratum corneum was observed. This
is in agrecmant with the £indings of Dag and Biswal (1967)
and Rao and Hafeezuddin (1987a).

The thickness of the stratified squamous epithelium of
the oescphagus decreased towards the posterior part. The
dermal papillase were more at the anterior part of the cerxvical
casophagus. The ndcroascopic papillas appeared in the epithe-
1dum of the crop and thoraclg gesophagus at 1Sth day of
hatching, The dermal papillae ang microédopic papillge wara
decp and more in number towards the posterior part of the
thoracic cesophagus. The abundant mucosal folds with microse
copie papillae of the crop increases the surface arca of tha

Crop nmucosa for micorokial action.

The simpls tubular subepithellal mucous glaﬁds sean in
the lamina propria of day=ocld ducklings became branchad
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tubular by eighth day. The mucous glands were more at the
apditus oosophag! as well as at the posterior most part of
the thoracic cesophagus. Thase glands were PAS positiva
and showed holocrine secretion. The holocrine natuxe of
the glands confirms the £indings of Das and Blswal (1967).
_In the dugk, the mucesal glands were founi throughout the
erop as haa'been reported by McLelland (1975), whareas in
tha case of chickens the glands were confined to the crop
channel. (Calhoun, 1954 and Nickel et al., 1977).

There were alse lymphold tissue both diffuse and modular
forms especially around the glands. But Calhoun (1954)
could not £4ind any lymphoid tissue in the crop of chicken.

The muascularis mucosa was not cbserved 4n any region of
the cesophagus and crop. The submuiccsa was very thin. The
tunica muscularis was composed of inner longitudinal and
outer circular layers of smooth muscles whareas in the casa
0of chicken the reverse vas true (Calhﬁun. 1954 and Hodges,
1974). In the tunica muscularis the inner longitudinal layer
showed thickenings at the base of the folds. In the day=old
ducklings, this muscle entered a short dlstance into the
mucosal folds at the anterlior part. This cbservatiocn agreed
with those made earlier by Rao and Hafeezuddin (1987a), How=
evaer Das and Blswal (1%967) had reported the presence of mus-
culards mucosa in the ogsophagus. Trautmann and Flebiger
(1957) stated that the inner longitudinal muscular layer
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following mucosal folds alone must be considered as muscu-
laris mucoss, Bone (1979) reported three layers of muscle
fibres in avian cesophagus namely, an outer longltudinal,
middle cireular and an inner longitudinal mscles.

Presence of oesophageal tongil at the cescphagoeproven=
tri.cular' Junction has been xeported by Hodges {(1974),
McLelland (1975) and Nickel at al. (1977) and the £indings
have been confirmed in the present study alsc. The present
study revealed thatt thera was a progreasive dsvelopment of
Lymphold tissue as age advanceds Dense and di€fuse lymphoid
tissue was prasent upto the gge of 60 days. Flattening of
mucosal crypt epithelium and intraepithelial lymphocytes
were obgerved, Lymph nqaulea appeared by 75 days and ger-
minal centres were evident at 150 and 180 days of "age.
Mucosal lymphold tissue has been coredited to contain cells
which allow antigen uptske and procassing with subsequent
generation of an antibody response, primarily in the form
of secreting Igh (Bienenstock and Befus, 1950). ' Gut asso-
ciated lymphoid tissue (Befus et al., 19803Bienenstock and
Befus, 19843 Pappo and Owen, 1988) has becn described in both
birds end mammals. The close association of lymph ncdule
with a corresponding eplthelium was typical in avisn and
mammalian descriptions of gut associated lymphoid tissue
(Owen and Jonaes, 19743 Befus et al., 1980; Payne and Powell,
1984; Pappo and Owen, 1988). The specialissd lympho-
apithelium allows selective sampling of local antigen through
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mucosal ¢ells (Owen and Jones, 19?4§ and facilitate presenta-
tion of those antigen to near by cells of immmne system. In
the present study the devslopment of nodules with germinal

centres was Been at a later age and this may be aus to eXpO-

sure te antigens,

Proventriculus

The proventriculus of the domestic duck was found to be
an elongated organ having narrow cranial and wider caudal ends
with greatest diameter in its middle portion which is contrary
to the observation of Das gt al. (1965) who,reported the prae
ventriculus of duck as having a cylindricel shape with uniform
dlametar. 2iswiler (1967) has stated that the gize of the
glandular stomach is significantly correlated with the volume
of focd 1ntake; The length of the praventriculus incrsased
3.8 times in 75 days from 1,5 # 0,068 cm to 5.72 + 0.569 cm.
In the chicken the length oé the proventriculus ranged £rom
four to five cm (Nickel et al., 1977).

The mucous membrane of the proventriculus had numerous
small papillag containing the openings of the proventricular
glands supporting the observation made by Kolda and Komarek
(1958). 1In the chicken these papilliae were wider and MACLOS=
copically visible (MoLelland, 1975).

The surface epithelium of the mucosa consisted of columnar
cells with a basal nuclei and contained supranuclear mucin

granules as in the fowl (Aitken, 1958 and Hodges, 1974).
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The simple tubular glands extended from tha base of
the sulci lined by low columnar cells showed a basophilic
basal and acidophilic apical cytoplasm. Clara (1934) was
able to demonstrate the presaence of oxyphilic granules in
the epithelisl cells of the tubular glands of thrushes.
Bradley and Grahame (1960) have suggested that these cells
produce hydrochloric acid (HCL).

Lipid vacuolaes vere observed in the surface epithelial
cells and the superficlal proprial gilands, but not in the
proventricular glands. A similar observation was made by
Wight (1975) 4in both f£asted and control domestic fowls.
Toner (1963} did not cbserve lipids in the proventricﬁlus
of the demestic fowl by electronmicroscopy. As there was
no morphological evidence that the lipid was secreted,
possible explanation gor its presence is that the 1lipids
are mobllised to the area frcﬁ adipose tissus during fasting
.88 a readily avallable anergy store for use by the cell on

re=alimentation.

The lamina propria underlying the epithelium and
cgcupying the centre of the mucasal folds consisted of
collagen f£ibres and blocd vesssls. Elastic £ibres were not
observed in the lamina propria of domestice duck in contrast
to the cobservation made by Calhoun (1954) in the domastic
fowl. The lymphoid tissue ccecurred in both diffuse and
aggregated forms as in the chicken (Calhoun, 1954 and

Hodges, 1974) and as observed in the duck by Das and Biswal
(1967).
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There has not been a distinet muscularis mucosa in the
duck proventriculus exﬁept the few strands of smooth muscle
£ibres mixed with the connective tissﬁe £ibres., Bradley and
Grahame (1960) indicated diffuse muscularis mucosa in the
chicken. Batt (1924} did not mention the muscular laﬁer
lying intemal to the proventricular gland in €owl and he
considered the innex 1ongitudiﬁal muscular layser of tunica
muscularis as the muscularis mucosa. Calhoun (1954) found
muscle bundles in chicken proventriculus balow the surfaces
glands, between the glandular lcobules as well as in a longi-
tudinal layer almost in contact with the tunica muscularis,

Farner (1960) stated that in many type of birds the
glands penetrato into the muscularis mucoéa during develop-
ment, separating it inte inner and ocuter layers. This axpla=-
nation supports Calhoun's (1954) €indings which suggastad
that the proventricular glands cccurred within the muscularis
Rucssa. however, Menzles and Fiek (1963) and Toner (1963)

congidered the Qlanﬂs to be subimucosal,

Czarnecki (1977) observed thrae layers of smcoth museles
distal to the glandular elemengs of the-proventriculus of
daveloping chick. The inner longitudinal band of smooth
muscle was found to be continucus with the muecularis mucosa
of the ocesophagus and it showed a bifurcation at the casopha-
gec-ﬁrovantricular Junction. The irregular smooth muscle
masses seen immediately below the spithelium of the proventri-

culus representad the discontinucus inner layer of the
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nugcularis mucosag and the glands ware situated in the tunita

micosa and hence raeferred to ag muccsal glands.

Das and Biswal (1967) cbsexved longitudinally oxlented
thick muscularie mucosae in duck proventriculus which was
well daevelcped at the base of the septa betwaen the gland
lobules and considered the proventricular glands within the
lamina propria. C

The pzoventricuiar glands of the domastic duck consisted
of compound tubular glands arranged into meny lobules. In
the day=-old ducklings, a single row of lobules with alongated
ones at the -anterior and middle part and small rclygonal ones
towards the posterior portion was obsarved in the prasent
study, From 15 days onwards, the gland lobules were round
or polygonal in shape in cross section. The largast lobules
were cbserved at the middle part of the proventriculus.
2iswiler and Farner (1972) stated that tha form of the pPEC=
ventricular gland is highly variable according to the group
involved and thay may be cylindrical, spherical or ellipsoidsl,

Toner (1963) found that the gross clefts between cells
were rera in osmium tetroxide fixed tissues by electron-
microscopy, although the lateral cell membrapes were not
alvays closely apposed, He stated that the dentate appearance
probably represented an artifact due to shrinkage quring
£ixation end made possible by the basal location of the ter-
minal bars plus absenca of desmosomes.
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The hetercgenity of the glandular eplthelium in rmorphio-
logy and staining reaction seen in this study would reflect
the functional status of these cells (Chodnick, 1947 and
Toner, 1963).

The cells of the glandular alveoli are oxyntico=poptic
cells which secrete both HCl and the enzyme precursor pepsi-
nagen hence conbining the function of both chief cells angd
parletal cells of mammals and it resembled amphibian gastric
glands whers the glands has not baen differentiated into acid
and enzyma secretiné typea. The basal position of thé ter-
minal bars of the celi allows the use of most of the lateral
surface as well as the aplcal surface for secretlon and as
such gnaLogus to the intercellular canaliculi cf the mammalian
parietal cell and the surfacé area is increased by a factor

of si; (Toner, 1963).

The isthmus portlion was characterised by the absence of
rroventricular glands and covered by a thin layer of koilin
materizl. The lamipa propria contained glands resembling
glzzard glands.

The present study shousd three layers of muscles in the
tunica muscularis with thin inner longitudinal, thick middle
circular and very thin outer longitudinal layars of smooth
miscle as reported by Bradley and Grahame (1960) , Nickel
gt al.,(1977) and Czarnecki (1977) in the fowl, whereas Batt
(1924) and Calhoun (1954) observed only inner circular and

outer longltudinal layers of smooth muscles in the tunica

muscularis of the domestic fowl.
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Gizzard

The gilzzard attained a maximum weight of 58,317 +
4.575 g at 75 days of age and the contribution io body
welght was maximum at 22 days which is about 6.5% of the
body welght and at 180 days, it was cnly 3% of the body
wvelght. '

The glzzard had a greater dcrso-véntral diameter than
1ts cranio~-caudal diameter except in dayecld ducklings in
which the reverse was true. But in the case of chicken,
the granic-caudal diamaterlwas more than its dorso-ventral
diameter (McLelland, 1975). The welght ¢f the gilzzard was
more correlated with its cranic-caudal diameter than dorsce

veniral diameter.

The gizzard musculature was wall developed 4in the duck
and the mucosa was strongly adherent to the misculature which

could not be peeled off easily.

The. structure of the tendon layer of duck was similar
ta that of chicken as zeported by Bradley and Grahame (1980)
and Hodges (1974).

Fibrocartilage which was recorded at the Junction of
the smooth muscle and the tendon layer by Calhoun (19%4) in

the fowl was not obsarved in the auck.

The tendinous layer was absent in the eranicdorsal and

caudoventral blind sacs..

The lateral muscle of the gizzard of domestic Auck
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consisted of a single layer of circularly arranged amGOth
muscles eventhough Das and Biswval (1967) reported the pre-
sence of two layers of muscle, S0 aleo there was nc striated
muscle as described by Bradlay and Grahams (1950) in the fowl.

The muscle £ibres were grouped together into extenaive
interlocking small bundles with ﬁ:mnt anastomosis between
the adjacent bundles. Bennatt and Cobb (1969) suggested
that this close coannection between tha muscle cella provide
an anatomical bases for rapid propagation of impulses through
the muscle mass and hence the messive rapid contractility of
the whole organ.

The :lnteﬁnediata muscle of the blindsss consisted of
inner longitudinal and cuter circular layer of smooth nuscles
agreeing with the report of Mobelland (1975) in chicken.

This muscle bundles were smaller and loosely arranged as in
chicken (Bemnett and €obb, 1969).

In certain regions of the caudoventral sac, the inner
longitudinal layer of tha tuniea muscularis d.t'achéd a thin
layer of muscle that entered through the lower part of the
submucosa £or a short distance and then disappeared.

The absence of muscularis mucosa in the gigzard of
donestic duck as raported by Calhoun (1954) and Das and Biswal
(1967) in the chicken has been confirmed.

The submucosa censisted of a dense layer of connective
tissue containing collagen f£ibres, blcod vessels and nazva
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plexuses similar to Calhoun’s (1954) cbservation. Plenk
(1932) and Das ané Biswal (1967) designated this layer as

the stratum compactum. Though Das and Blswal (1967) reported
the presence of numerous braﬁched tubular glands in the
stratum ccompactum in the duck, none could be observed in

the present study.

The gizzard glands were simple tubular glands and some
glands showed branching at their basal porticn and were Pro-
gant in the lamina propria.

The gilzzard giands were lined mainly by the chief cells
but few bagal and intermediate cells were also observed in
the basal porticn of the gland as reported by Toner (1964)
in the fowl. *

- The basal cell with large vesicular rucleus and rale
cytoplasm had some of the chavecteristics of an undifferen~
tiated cell. Chodnick (1947) observed these cells in the
mitotic zone of the gland. The basgl cell could therefore
be a stem cell and the intermediave cell typos repreaent
phases in the aifferentiaticn of the chief cell £rom the

basal cell.

Eglitis and Rnouff (1962} menticned certain large clear
cells which they balisved to be a secend secretory type,
Thase cells correspand in their distribution to the basal
cells. Toner (1964) had opined that the basal call micht
supply the carbchydrate component of the saecretion 4in the
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gizzard gland. But in this study the basal cells did not

show any PAS positive reaction.

The surface cells showed two zones in the haematoxylin
and eosin staining, a basal basophilic and gpical acidephilic
2one. The apical zone was PAS positive whereas the basal
portion showed granules similar to that of chief cells in
PTAH staining. According to Toner (1964) the surface cells
might be an unususl form of mucosal cell, or might perhaps be
the £inal desquamating phase of the chief ecell segquence.

The surface cells undergo a sequence of change involving
the break down ¢f cytoplasmic organisation and terminating
in the sloughing off of these cells in the epithelial surfsca
and they were seen within the gizzard lining.

The chief cell granules wera specifically demonstrated
by PTAH staining. The material in the gland lumen alsc shared
the affinity for PTAH stain shown by the intracellular gra=
nules indicating that it was the secretion of the chief calls,
A similar cbservation was made by Toner (1964) in fowl.

The substance in the glandular lumen gave positive carbo~
hydrate reaction and this was absent £rom the chief cell
granules as had been reported by Eglitis and Knouff (19562),
Toner (1964) opined that the carbohydrate component was proe
duced by the chief call independently of the cytoplasmic
granules, perhaps being added to tha material in the lumen by
the elaborate microvilidi.
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The gizzard lining consisted of arrays of vertical
colums and a matrix which wasuarranged in a pattern of
horizontal laminae. The vertical columns showad DPAS pogie
tive reaction and alsc stained by PTAH. The intensity of
the Eeaction varled from site to site. In the fundic por-
tion of the gland there was a very slight raosponse. But in
the baedy and'neck region where the secration was in the form
of thick rods, there was a strong response. A similar rese
ponse was. slso cbserved by Eglitis and Knouff (1962) in the
fowl. According to Adtken (1958) the response to Schiff's
reaction was not due to glycogen since it cecurred even
after treatment with dlastase and was negative with Best's
carmine. He also observed that a corresponding resction was
not noted in the gland cells and much reduced in the secreted
layer on the surface suggasted the poasibility of a progra-
gsive chemical change beginning inmediately after sacretilon.
The mucus secreted by the surface cells and cells lining thg
gland tubules near the f£ras surface might sarve as protactive
or adhesive purpose.

The histochemical anélyais of the secretion of the tubu-
lar glands revealed the prasence of carbohydrate and protein
(Eglitis and Knouff, 1962). But the intensity of reactians
varied at different levels of the sacratory chamnels and
identified the sceoreticn as carbohydrate-protein complex of
mucoprotein vardety. The hardening of the secretion was due
to the binding 0f =S-S- groups. But the amount of cystine
in the membrane was relatively small in comparison with the



106

amount in the keratin, It was suggested that the lining
vwas anchored o the mucosa by t¢he hardsned glandular seore-
tion with the upper regions of the glards.

Luppa (1959) explained that the matachromasia of the
gurface cell granules was due to bindiag of the acid muicos
polysaccharlide group. o basie amine acids of tha protelin.

The chemical nature of the gizzard lining has been dooe
cxibed.by many authorg as being of a keratinoid naturese It
hag been termed koilin by Bafmann and Progl (1907) and keratoe-
hyalin by Calhoun (1954} and Bradley and Grahame (1960) and a
hard keratin similay to halr by Altken (1958).

Webb and Coclvin (1964) have Bhown that thae substancae
was a protein and not a keratin since it was incoluble in
keratolytic solvants, reslstant t£o papsin but hydrolysed by
trypsin, Its amine acid compositicn was similar to keratin
exgept that the cystine cpntent was mich less and elaectrch~-
microscopically it had the appearance of precipitated protein.
The mode of formation of the lining protein was described as
Initial secrstion as iLiquid droplets into the lumen of the
gland tubules, ccoaliticn and £low to ¢he opening of the gland,
whera the liquid spreads out over the gurface beneath the
avarlying hardened material. Hydrochloric acld, ai€fusing
ghrough £rom the lumen precipitates the liquid to form an
additional lamellae under the hard lining. <Continued repati-
tion of this process resulted in laminated structure.

Eglitis and Knoufif (1962) considered that the lining
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cansisted of arrays of vertical columns which represent
secretion stream of chief cells which were strongly carboe-
hydrate and protein positive and a matrix produced by the
surface cells in horizontal laminations which showed nega-
tive to weak response to carbohydrate tests and a strongly
positive test for protein indicating predeminance of a PG~
teln. According to them, the chief cell secrestion entered
thé gland lumen as £ine £ilament and joined up with secretion
from other ceils to form compact masses in the glandular
lumen. This suggested how the lining ig anchored to the
mucosa By hardened élandulaﬁ secretion within the upper
raglons of the glands. |

Tonexr (1964) demonstrated the filamahtous gtructure of
the intraglandular secretion. The mass became hardened in
the middle and upper regions of the gland and entered the
pit together with several other glandular masses, The secre=-
tion from the surface cells of the pits surrounds the glan-
dular rodlets and leaving the mouths of the pits, spreads

out to form the layers of matrix.
The gizzardeducdenal junction
The point of separation ¢f thase twa ocrgans was deli-

neated by a constriction of the muscularis micosa, forming

a fold of the muscularis and the tunica propria, similar to
the earlier observations of Hedges (1974) in the foul. Tha

fold on the ventral wall was thicker than at its dorsal wall.

Brunner's glands were not observed at this Junction
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eventhough Bradley and Grahame (1960) reported some simple
branched acinar glands resembling Brunner's glands 4in the
fowl. Absence of these glands 1s compensated by the abun-
dance of mucus secreting cells in the surface eplithelium

and superficial parts of the glands.

Small round or oval cells with irregular dark nucledl
and globular inclusions in the cytoplasm were observed in
the ducdenal villi which is similar to globular leucccytes
reported by Toner (1965) im the fowl. Globular leucocytes
were first described in the fowl by Clara (1926) and later
by Greulich (1949). They were ﬁildly eosinophilic, mota-
chromatic with toluidine blue, PAS positive and they might
have an immunosecretory function (Toner, 1965). Holman
(1968) in an electromicroscopic study has localised the pre-
sence of acid phosphatase to the peripheral vacuolated areas
of the leucocyte granules. Colvin- et al. (1974) reported
that the partial and complete degranulated mast cells miqrated
through the epithelium and was referred as globule leucccyte
or Schollen lsucocytes and the formation of thesa cells was
not a pathologlcal phenamencn. However, increased numbers

cf these cells were reported in some pathalogical states,



SUMMARY

Postnatal davelopment of the upper digestive tract of
of the White Pgkin ducks were carried out using 72 ducklings
aged from day-old to 180 days of age. The tongue, pharynx,
o@sophagus and crop, proventriculus and the gizzard showed
a progressive growth pattern upto 75 days of age. The
cesophagus and crop and the gizzard attained a maximum weight
at 75 days whereas the tongue, pharynx and the proventriculus
at a later stage of 150 days of age.

The spatula shaped hard keratin at the tip of the uppaer
bill presented & whitish median line which was absent in
ducklings aged 45 days and above. 7The four wide based
papillae caudal to the median longitudinal muccsal ridge of
the palate were arranged either in line with the ridge or
in pairs, one pair in line with the ridge and the other side
by silda.

The long and spatula shaped tongue had a median longi-
tudinal groove in the middle third of the tongue presented
longitudinal rows of small papillae which converged to a
nodular enlargement on either side and continued caudally
by a wide ridge of mucous membrane. Lateral margins of the
caudal half of the tongue presented about f£ive canical
papillae united by €ine papill§é. Among the transverse rows
of papillae at the root of the tongue, the largest ones were
seen close to the midline except in day=old ducklings in
vhich they were of equal sizes.
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The tongue was lined ﬁy stratified squamous epithelium
which was keratinised at the lateral marging covaring the
horny papillae and the ventral surface at the tip of the
tongua. The dermal papillae increased proporticnately with
thickness of the epithslium and had a £ocllicular nature in
the middle and caudal part of the tongue of the adult duck.
The lamina propria was well daveloped in the body and root
of the tongue and it shawed encapsulated sensory nerve ende
ings like Herbst's corpuscles, Grandry's corpuscles and
Melsgner's corpuscles. Numerous ganglion cells and encapsu-
lated spherical bodies were also pragent in the lamina pro-
pria. The gkelseton of the tongue was formed only by the
entoglossal bone and its tip reméined cartilagencus even at
the age of 180 days. Ossification of the bone began by
eighth day from the posterior part. Flliform, coniecal and
£ungiform'papillae were observed in the tongue. Taste buds
vaxe manﬁ in the middle and posterior part of the tongue.
Compound tubuloslveolar mucous glands were present in the
bady and raot of the tongue which were holoerine in nature.
Lymphoeytic aggregations were frequently observed in the

sapta of the glands.

The pharynx was lined by stratified squamcus epithelium,
The choanal slit was lined internally by stratifieqd Bquamons
epithelium with numerous simple aiveclar glands and the ducts
opened saparately to the surface epithelium. A cavernous

tissue cavered by posudostratified ciliated columnar epithelium
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was observed within the choanal slit, Diffusa and aggre-
gated forms of lymphatic tissue were present halow the
epithelium. Submucosa presenced densely arranged branched
tubulealvanlar mucous glands. A& the inlet of the laryngesl
mound, the stratified squamous epitholium changed abruptly
to pseudostratified ciliated columnar with numarous simple
tubular or alveolar mucous giands. The crice=arytenoid '
glands and superficial and desp intrinsic musales of the
larynx were prasent in the submicosa. Cricoid, procricoid
and paired arytenoid cartilages of the larynx showed signs
of cssification £rom Eighth day of age.

. The oesophagus had a long cervical part, spindle shaped
Crop and a short thoracic part. The auditus casophagl was
very wide., The length of the cescphagus and crop increased
progressively uptc 180 days of age. The longitudinal muco-
sal folds were more at the crop and was iinsd by stratified
Squamous epithelium with an irregular surface. Fram 1Sth
day onuards microscopic papillac were chsexrved on the epi-
thellal surface of tha crep and thoracic oesophagus. The
lamina propria presentad rmucous glands and lymphoid tissue
throughout the cesophagus and Cop. Muscularis mucosa was
absent. Submicosa was very thin at the cervical oesophaqus
and absgnt in the erep and thoracic oesophagug. Ths tunica
muscularis congisted of inner léngitudinal-and outer circular
layer of smooth muscles and the thickness increassd pregre-

ssively with advancing age. The adventitial coat was replaced
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by a layer of serosa in the thoracic part. A well develaoped
oesophageal tonsil was observed at the junction of the tho-

racic cesophagus and proventriculus.

The elongated proventriculus of the domestic Quck had
a narrow cranial and wider caudal ends with numerous small
papillae containing the opening of the proventricular gland
on the mucous membrane. The mucosa was throun into folds.
The surface epithelium was lined by cubsidal to colurmar
cells which showed PAS positive reacticn at *he anterior
and posterior part of the proventriculus. The simple tubular
glands of the lamina prooria were lined by low columnar cells
with basophilic basal -and acidophilic apical cytoplasm. The
proventricular glands were unilobular campound tubular glands
vwith straight tubules radiating frem a central cavity and
were lined hy oxyntlce-peptic cells which had a dentate
appearance: rrom the central cavity, it was drained by the
duct to the proventricular lumen. Tho muscularis mucosa as
a8 separate distinct layer was not seen and the submucosa was
absent. The tunica muscularis consisted of threa layers with
inner and outer longitudinal and middle circular layer of
smaoth muscle fibres. At the isthmus the mucesal £olds
gradually decreased in height and the plicae changed over
to gizzard glands. The inner longitudipal muscle merged with
the circular layer to form the muscles of the cranicdorsal
sac of the gizzard and the outer longitudinal layer was

absent at the jsthmus,
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The glzzard had a greater dorsc=ventral dizmeter than
its cranio~caudal diamster except in day-old ducklings in
which the reverse was trues.s The length and welght of the
glzzard increased progressively upto. 75 days of age. The
gizzard was covered externally by the serosa below which
was the tendon layer. In the blind sacs, the tendon layer
vae aboent. The lateral nuscle consisted of a single lager
of circular smooth muscle while in the cranicdorsal and
caudaventral sacs, tha muscle was arranged intc inner longi-
tudinal and outer circular layers of smqoth muscles. The
submicosa was dense and the muscularis mucosa was absent.
The surface epithelium showed small papillary project;ons
forming pits or crypte and composed of tall columnar celle
which showed supranuclear PAS positive reaction. The gizzard
glands in the lamina propria were simple or branched tubular
glanda lined malnly by the chief cells. Few basal and inter-
medlate cells were also observe@ at its basal portion. The
chief cell granules and the luminal contents showed similar
reactions in PTAH and Trichrome staining. While the cell
granules were PAS negative and the luminal contents showed
a PAS positive reaction. The gilzzard lining consisted of
arrays of vertical columns secreted by the tubular alands
which showed strong PAS pcaitive reaction and a matrix DO~
duced by the surface cells which depcsited periodically to
form horizontal laminae and showed weak to negative PAS

reaction:. The fundic part of the gland was generally free’
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of secxetion., The glzzard-ducdenal junction was delineated
by the constriction of the muscularis mucosa forming a fold
of the muscularis and the tunica propria. Brunner's glands
were absent. Globular leucocytes and lymphold tissue were
observed and crypts of Lisberkuhn were present in the lamina
propria. The muscularis mucosa consisted of longitudinally
arranged smooth muscle fibreq. The tunica muscularis cone
sisted of inner thick circular and outer thin longitudinal

smooth muscles and covered by the serous layer.

The mouth cavity and the pharynx were supplied by
branches of maxillary and mandibular arteries. The blcod
£rom these regions were drained into rostral cephalic vein
and interjugu}ar anastomosis. Oescphageal branches of the
vagal and mandibular arteries and the aorta were distributed
to different regicns of the cesophagus and the blecd drained
from the cervical caesophagus and crop to jugular veins and
thoracic oesophagus.to cranial venacava. The proventriculus
and gizzard received blood from coasliac artery and drainsd

by proventricular veins and gastric veins.

Branches of the glossopharyngeal, hypoglossal and
recurrent vagus nerve supplied the oral cavity, pharynx,
ocesophagus and crope. Branches of the recurrent nerves, vagus,
de@sophageal plexus and coeliac plexus innervated the thoracic
cesophagus. The proventriculus was innervated by branches
of the vagus and recurrent nerves and the gizzard by both
vagi,
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ABSTRACT

The structure and pogtnatal developmant of the upper
digestive tract of ducks at Aifferent stages of growth was
studied using 72 white Pekin duckiings aged fram day=0lQd
to 180 days for the proper understanding cf their functiocnal
peculiarities. The growth, morpholagy and histology of the
tongue, pharynx, cesophagus 9nd crap, proventriculus and
gizzard were studied using éix birds at cach age group. The
oesophagus and the gizszard attained the maximum growth by
75 days whereas the tongua, pharynx, and the proventriculus
at 150 days of ago.

The tengue, pharynx and Qasophagus were 1lined by strati-
fled squamcus epithelium. Herbst's, Grandry's and Meissner's
cerpuscles, ganglion ce}ls‘énd ancapsulated spherical bodies
were present in the tongue. Filiform, fungiform and coniesnl
papiliae, many taste buds, anterior and posterior lingual
holocrine mucous glands ware obsesrved in tho tongue. The
tip of the entoglossal bone remained cartilagencus and showed
slgns of ossification from eighth day of aga.

Within the choanal slit, cavernous tissue covered by
pseudostratified ciliated columnar epitholium wes present.
In pharynx, pharyngeal tonsils, palatina, aphenopterygoid
and laryngeal salivary glands wers noticed, At the inlet of
the larynx, the epithelium changed to pseudostratified
ciliated columnar. The laryngeal cartilages were cricoid,
procricoid and palred arytenoid.



The ocesophagus consisted of longer cervical part,
spindle shaped crop and short thoracice rart. The longitu-
dinal mucosal folds were more at the crep and the microsw
copic papillae appeared on the ercp and thoracic casophagus
from 15 days of age. Ths mucous glands were present through-
out the oesophagus and crop. The muscularis mucosa and sube
mcosa were absent. Tunica muscularis consisted of inner
longitudinal and ocuter circular layer of smcoth musclés.

The advantitlal cost was replaced by a layer of sarosa in
the thoracic part. A well developed oGsophageal tonsil waa
present at tho oeéophago-prcveﬂtricular Junction.

The elongated provantriculus had narrov cranial and
wider caudal ends with ﬁumerogs amall papillae contalning
the opening of the proventricular gland, The mucosal folds
were lined by cuboidal to columar cells, The superficial
proprial glands showed zohation. The unllobular compound
tubular glands were lined by oxyntico-paptic cells thch
had a dentate appearance. In the day-=0l1d ducklings, the
lobules ware clongated in the anterior and middle part and
in the postericr portion they were small and polygonal in
shapa, From 15 days onwards, most of the gland lobules were
round or polygonal in cross section. The central cavity of
the gland and the duct were lined by tall columnar cells
which wore PAS positive. The nusculsris mucosa as a dise-
tinct layer was not seen and the submucosa was absant, Tunica

muscularis consisted of inner and outer longitudinal and



middle clrcular layer of smooth muscles and invested by
the serous layer. at the isthmug, the proventricular glands
and the outer longitudinal muscle layer were absent and

the lamina propria contained glands similar to gizzard glands.,

The gizzard had greater dorsceventral dismeter than
cranio-caudal diameter except in day-old ducklings in which
the reverse was true, The tendon layer was thickest at the
tendinous aponeurocsis and absent in the blind sacs. The
lateral muscle consisted of single layer of circular smooth
muscle whereas the blind sacs had inner longitudinal and
cuter circular layers of smooth muséle. Sulbmucoza was denss
and the muscularis mucosa was absent. The simple tubular
glzzard gland was lined mainly by chief ealls, The chief
cell granules and the luminal contents showed similar reac-
tiong in PTAH and Trichrome staining. The surface epithelium
showed papillary projections and wers lined by tall columnar
cells which showed supranuclear PAS rositive reaction., The
thickness of the glandular layer and the gizzard lining was
more at the lateral wall, The glgzard lining consisted of
arrays of vertical columns sscreted by the tubular glands
and the matrix preduced by the curfece cells. The lining
was strongly adherent to the musculature and could not ba
peeled off. The blood and nerve supplles to these organs

were studled using embalmed carcasses and angiograms,
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