Il[{
UNIVERSITI PUTRA MALAYSIA

COMPARATIVE EVALUATION OF THE MORPHOLOGY AND ENZYME
ACTIVITIES OF THE DIGESTIVE SYSTEM OF RED JUNGLE FOWL, AND
NATIVE VILLAGE AND COMMERCIAL BROILER CHICKENS

KHALID KAMIL KADHIM

FPV 2011 29




COMPARATIVE EVALUATION OF THE
MORPHOLOGY AND ENZYME ACTIVITIES OF
THE DIGESTIVE SYSTEM OF RED JUNGLE
FOWL, AND NATIVE VILLAGE AND
COMMERCIAL BROILER CHICKENS

By

KHALID KAMIL KADHIM

DOCTOR OF PHILOSOPHY
UNIVERSITI PUTRA MALAYSIA

2011



COMPARATIVE EVALUATION OF THE MORPHOLOGY AND ENZYME
ACTIVITIES OF THE DIGESTIVE SYSTEM OF RED JUNGLE FOWL,
AND NATIVE VILLAGE AND COMMERCIAL BROILER CHICKENS

By

KHALID KAMIL KADHIM

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia,
in Fulfilment of the Requirements for the Degree of Doctor of Philosophy

August 2011



Abstract of thesis presented to the Senate of Universiti Putra Malaysia
in fulfilment of the requirement for the degree of Doctor of Philosophy

COMPARATIVE EVALUATION OF THE MORPHOLOGY AND ENZYME
ACTIVITIES OF THE DIGESTIVE SYSTEM OF RED JUNGLE FOWL,
AND NATIVE VILLAGE AND COMMERCIAL BROILER CHICKENS

By
Khalid Kamil Kadhim

August 2011

Chairman: Md Zuki Abu Bakar @ Zakaria, PhD

Faculty: Veterinary Medicine

A study was carried out to compare the morphology of the digestive system, as well
as the pancreatic and small intestinal enzymatics activities between the Red jungle
fowl (RJF) and the native village chicken (NVC). The findings for the two breeds
were compared with the commercial broilers (CBC) which had been consciously
selected for high body weight. Ten male birds from each breed were serially
euthanized at day 1, 10, 20, 56 and 120 post-hatch, respectively. The total body
weight, as well as the absolute and relative weights of the digestive organs and the
length of the intestinal segments were measured and recorded. Histological
examinations of the digestive organs were carried out by light microscopy. The
mucosubstances of the salivary glands and mucosa of the digestive tract were
evaluated using histochemical methods. Histomorphometric evaluations of the
intestinal mucosa, including the villus height, villus surface area and crypt depth,
were also performed. In addition, the number of villi for each intestinal segment was
counted through cross-sections of the villi obtained by a new method, and the

intestinal surface area was also measured. The three-dimensional intestinal mucosa
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was evaluated using scanning electron microscopy (SEM). The enzymatic activities
of amylase, trypsin and chymotrypsin of the pancreas and small intestinal

(duodenum, jejunum and ileum) contents were also investigated.

At day 10 post-hatch, the body weight of the CBC was higher (P<0.05) than those of
the NVC and RJF by approximately 4 and 6 folds, respectively, and these were
increased to approximately 5 and 10 folds, respectively at day 20 post-hatch
onwards. Nonetheless, the NVC showed a higher (P<0.05) body weight than that of
the RJF at approximately by two folds at day 20 post-hatch. The absolute weights
and lengths of the digestive organs were dominantly greater (P<0.05) in the CBC
followed by the NVC, while the RJF had the least value. However, the results were
reversed when the data attributed to the body weight, except for day 1 post-hatch,
where the CBC showed the highest value. Grossly, the arrangement of the lingual
papillae was in a straight row in the CBC and in a concave row in both the NVC and
RJF, whereas, the pharyngeal papillae were double rows in the CBC, with a second
rudimentary row in NVC and restricted to only a single row in the RJF. The shapes
of the liver lobes in the RJF and NVC were more consistent with domestic chicken
than CBC. As for the blood supply of the viscera, the numbers of the jejunal and
ileal branches were found to be higher in the CBC compared to those in the NVC

and RJF.

Histologically, the digestive system of the three chicken breeds showed many
similarities. The proventricular glands are located in between the layers of their
muscularis mucosa. The paneth cells and the enterochromaffin cells in the intestinal

mucosa were investigated using the light microscopy of a specific staining method.
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The histochemical observations of the salivary glands and mucosa of the digestive
system for the presence of neutral and acid mucin (sulphated and carboxylated)
revealed no difference between the breeds. The distribution of neutral and acid
mucin was dominantly observed in the upper digestive tract, whereas, the intestinal
mucin of the goblet cells contained mostly sulphated and carboxylated
mucosubstances. The pancreatic ductal system showed the absence of the ductal
glands and the goblet cells. However, the luminal mucin reaction of the epithelial

cells lining these ducts was observed in all the three breeds.

The histomorphometric evaluations revealed that the thickness of the wall of the
digestive organs was different between the three breeds. In absolute bases, the CBC
showed dominantly greater values, followed by the NVC, while the RJF showed the
least value. On the contrary, the data were reversed on the relative bases. The height
and the surface area of the villi, as well as the muscularis externa were significantly
higher (P<0.05) in the CBC than those in the NVC and RJF. The number of villi in
each intestinal segment was higher (P<0.05) in the NVC and RJF compared to the
CBC, and a similar result was also observed for the intestinal surface area, however,

the jejunal surface area was higher in the CBC.

The SEM examinations revealed that the epithelial cells of the intestinal villi in the
CBC have high activities at the early age, as demonstrated by the presence of
numerous recesses, cell protuberance, cell clusters, dome-shaped cells, clear cell
outlines, cell exfoliated and extrusion area. Whereas, in the NVC and RIJF
represented by the discontinuity of epithelia and corrugated surface. The

characteristic star-shape villi in the mid-cecum region were observed in the three
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breeds. The absolute and relative pancreatic enzyme activities were higher (P<0.05)
in the CBC than those of the NVC and RJF. Similar results were also observed for
the absolute enzymatic activity of the intestinal contents. However, the data were

shown to be reversed in the relative bases.

In conclusion, the difference in the growth rate between the breeds was positively
associated with the growth and development of the digestive organs. In the CBC,
changes markedly occurred during the early stages of life, whereby the change was
observed to be rather biased towards the digestive tube giving the body organization
designed for fast growth. During the late stages of development, it was biased
towards the pectorals and the feathers. As for the NVC and RIJF, it was obviously
more valuable to have satisfactory protection against cold and rain at the earliest
stage possible, and also some flying power in the young RJF as a protection against
their predators. The effects of selection and the genetic variation might affect the
growth rate of the digestive organs and the enzyme synthesis according to life cycle
requirements, and this could be a limiting factor in the digestion and subsequently

the growth rate.
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Satu kajian telah dijalankan ini membezakan morfologi sistem pencernaan, pankreas
dan aktiviti-aktiviti enzim pada usus kecil ayam hutan (RJF) dan ayam kampung
(NVC). Penemuan kajian bagi kedua baka ayam ini akan dibandingkan dengan ayam
pedaging komersial (CBC) terpilih yang mempunyai kadar pertumbuhan yang
tinggi. Sepuluh ayam jantan bagi setiap baka dimatikan secara berkala pada hari ke
1, 10, 20, 56 and 120 paska tetasan. Jumlah berat badan keseluruhan dan kedua-dua
berat mutlak dan relatif organ sistem pencernaan serta panjang segmen usus diukur
dan direkod. Pemeriksaan histologi sistem ini dijalankan dengan menggunakan
mikroskop cahaya. Bahan mukus pada kelenjar liur dan epitelium rembesan mukosa
trakus  pencernaan  dikaji menggunakan teknik  histokimia. Penilaian
histomorfometrik mukosa usus merangkumi ketinggian vilus, kawasan permukaan
vilus dan kedalaman kripta. Bilangan vili bagi setiap segmen juga dikira melalui
keratan rentas vili menggunakan teknik baru dan luas permukaan usus juga diukur.

Mukosa usus secara tiga dimensi telah dikaji menggunakan mikroskop elektron
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imbasan. Aktiviti enzim amilase, tripsin dan kimotripsin pada pankreas dan

kandungan usus kecil (duodenum, jejunum and ileum) juga diukur.

Penemuan kajian ini mendapati berat badan CBC lebih tinggi secara signifikan
sebanyak lebih kurang 4 hingga 6 kali ganda daripada RJF dan NVC pada hari ke 10
pasca tetasan, dan bertambah sehingga 5 ke 10 kali ganda pada hari ke 20 pasca
tetasan dan selepasnya. Berat mutlak dan panjang organ pencernaan adalah lebih
tinggi pada CBC diikuti dengan NVC, sementara RJF mencatatkan bacaan terendah.
Walau bagaimanapun, hasil kajian ini bertentangan bagi berat badan, kecuali pada
hari pertama pasca tetasan, di mana CBC mencatatkan nilai tertinggi. Pemeriksaan
mata kasar ke atas organ pencernaan mendapati susunan papila lingual adalah di
dalam barisan lurus pada CBC dan barisan cengkung pada NVC dan RJF, sementara
papila farinks tersusun dalam dua barisan pada CBC, barisan kedua hanya rudimen
pada NVC dan pada RJF hanya terhad kepada satu baris sahaja. Bentuk lobul hati
pada RJF dan NVC adalah lebih konsisten dengan ayam tempatan daripada CBC.
Bagi bekalan salur darah visera, bilangan cabang jujenal dan ileal didapati lebih

pada CBC daripada NVC dan RJF.

Secara histologi, sistem pencernaan ketiga baka ini menunjukkan banyak persamaan.
Kelenjar proventrikular terletak di antara lapisan mukosa muskularis. Sel-sel Paneth
dan enterokromafin pada mukosa usus dikaji menggunakan teknik pewarnaan
khusus dan dilihat di bawah mikroskop cahaya. Tiada perbezaan ke atas pemerhatian
histokimia bagi tindakbalas musin di kelenjar liur dan mukosa sistem pencernaan
untuk kehadiran musin neutral dan berasid (sulfat dan karboksilat) pada kesemua

baka ini. Taburan musin neutral dan berasid dapat dilihat mendominasi trakus
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pencernaan hadapan, di mana musin sel goblet pada usus kebanyakannya
mengandungi bahan mukus sulfat dan karboksilat. Sistem duktus pankreas tidak
mempunyai kelenjar duktus dan sel goblet. Walau bagaimanapun, reaksi musin

lumen pada sel epitelium yang melapisi duktus tersebut terdapat pada kesemua baka.

Penilaian histomorfometrik mendapati terdapat perbezaan pada ketebalan dinding
organ pencernaan di antara ketiga baka ini. CBC menunjukkan nilai mutlak asas
yang ketara diikuti oleh NVC manakala RJF menunjukkan nilai terendah.
Sebaliknya, data ini bertentangan bagi asas relatif. Ketinggian vilus, kawasan
permukaan vilus dan muskularis eksterna adalah lebih tinggi (P<0.05) dicatatkan
pada CBC berbanding NVC dan RJF. NVC dan RJF mempunyai bilangan vili yang
lebih tinggi bagi setiap segmen usus daripada CBC dan penemuan yang sama
didapati pada keluasan permukaan usus kecuali pada bahagian jejunum di mana

CBC mempunyai nilai yang lebih tinggi.

Pemeriksaan menggunakan mikroskop imbasan mendapati sel epitelium pada vili
usus CBC adalah lebih aktif pada peringkat awal umurnya dan ini ditunjukkan
dengan terdapatnya banyak lekukan, penonjolan sel, kelompok-kelompok sel, sel
berbentuk kubah, rangka sel yang jelas, pengelupasan dan kawasan penyembulan.
Sebaliknya, epitelium yang terputus dan permukaan yang beralun didapati pada
NVC dan RJF. Vili berbentuk bintang pada sekum tengah terdapat pada kesemua
baka. Aktiviti mutlak dan relatif enzim pankreas adalah lebih tinggi (P<0.05) pada
CBC daripada NVC dan RJF. Penemuan yang sama didapati pada enzim mutlak

kandungan usus. Walau bagaimanapun, data ini bertentangan bagi nilai relatif.
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Kesimpulannya, perbezaan kadar tumbesaran di antara baka-baka ini berkait secara
positif dengan pertumbuhan dan perkembangan organ pencernaannya. Pada CBC,
perubahan ketara berlaku semasa peringkat awal jangkahayat, di mana perubahan
menyebelahi kepada tiub pencernaan yang menjurus kepada pembentukan badan
bertujuan bagi pertumbuhan yang cepat. Semasa akhir perkembangan, ianya
menjurus kepada bahagian pektoral dan bulu pelepah. Ternyata, adalah lebih baik
bagi NVC dan RJF memiliki perlindungan yang memuaskan dalam menentang
kesejukan dan hujan pada peringkat awal dan berdaya untuk terbang bagi RJF muda
sebagai perlindungan daripada pemangsa. Kesan pemilihan dan variasi genetik boleh
mempengaruhi kadar pertumbuhan organ dan sintesis enzim menurut keperluan
kitaran hidup dan ini mungkin merupakan faktor yang membatas pencernaan dan

seterusnya kadar pertumbuhan.
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INTRODUCTION

The origins of the domestic chicken (Gallus domesticus) may be traced to the wild
Red jungle fowl (Gallus gallus) or the sub-species (Gallus gallus gallus) found in
the Indian subcontinent and South East Asia (Lee and Amin-Babjee, 1993; Fumihito
et al., 1994). There are four species of jungle fowls: Red jungle fowl (RJF) (Gallus
gallus), Javanese green jungle fowl (Gallus varius), Indian grey jungle fowl (Gallus
sonneratii) and the Ceylon jungle fowl (Gallus lafayettii) (Crawford, 2003). The
Red jungle fowl (Gallus gallus) is a tropical member of the pheasant family and the
direct ancestor of the domestic chicken. It was first raised in captivity at least 5,000
years ago in India, and the domesticated form has been bred all over the world to
serve as a very productive food source for both meat and eggs; meanwhile some
breeds have been specifically developed to produce eggs. The range of the true
species stretches from northeast India (where the pure species has almost certainly
been diluted with backcrosses from domestic breeds) eastwards across southern
China and down to Malaysia and Indonesia (Collias and Saichuae, 1967). The Red
jungle fowl (Gallus gallus) is easily recognised as the male is more brilliantly
coloured than the female; its feathers are between golden red to metallic green with
a dented fleshy crest, white ears and after the summer months, it develops an

eclipsed plumage. The female is dull brown gold colour (Appendix A).

There are five recognised sub-species of the Red jungle fowl based on external
features. The Indian Red jungle fowl (Gallus gallus murghi) is found in the North

and Northeast India, adjacent to Nepal and Bangladesh. The Tonkinese Red jungle



fowl (Gallus gallus jabouillei) is found in central-south China and North Vietnam.
The Cochin-Chinese Red jungle fowl (Gallus gallus gallus) is found in East
Thailand through central and South Laos to central and South Vietnam. The fourth
subspecies, the Javan Red jungle fowl (Gallus gallus bankiva), is found in South
Sumatra, Java and Bali while the Burmese Red jungle fowl (Gallus gallus
spadiceus) is found in central-south China, Myanmar, Thailand, north Sumatra and
is the only subspecies occurring in Peninsular Malaysia (Nishida ez al.,, 1992). The
Red jungle fowl differs from domestic chickens in all eight characteristics that
differentiate most sensitively between the wild Red jungle fowl and the domestic
chicken: small body size, slow growth rate, very small comb, tail held down rather
than up, male hackles shed in an eclipse molt, charcoal rather than pale legs,
crowing call cut off abruptly rather than trailing off in a follow-through, and taking
flight by taking off and flying up at a steep angle rather than by a long horizontal
taxing run (Jackson and Diamond, 1996). There are very limited studies dealing with

this bird in general and the digestive system in particular.

Village chickens comprise the bulk of the poultry industry in many developing
countries and play a vital role in many poor rural households. They provide scarce
animal protein (in the form of meat and eggs) and can be sold/bartered to meet
essential family needs such as medicine, clothes and school fees. They also provide
manure and serve to control pests; very often they are used in traditional ceremonies.
Village poultry are generally owned and managed by women and children and
improving their production can provide the first step out of poverty for the rural poor
(Coplanad and Alder, 2005; Riise et al., 2005). The indigenous chicken (Gallus

gallus domesticus), commonly found in Southeast Asia, is descended from the



Southeast Asia Red jungle fowl (Gallus gallus spadiceus), through natural mating
and selection (Beebe, 1926; Collias and Saichuae, 1967). In Malaysia, the original
Malayan fowls were widespread in villages before the arrival of Europeans in the
late 1800s. The present Malaysian native chickens, commonly known as ayam
kampong (village chickens), are the result of cross-breeding of the Red jungle fowl
with mixed exotic domestic breeds brought in by Europeans, mainly the British
(Azahan and Zahari, 1983). Such chickens are now considered indigenous and are
widespread in all Southeast Asian countries. In general, the indigenous chickens are
of small body size, with different colours of plumage, and of dual-purpose type, with
variable body conformation and physical characteristics (Appendix A). The
chicken’s market weight of 1-1.5 kg is reached in 4 to 5 months. As in the other
countries of Southeast Asia, these indigenous chickens have been reared extensively
for generations, in almost every village and suburban area throughout Malaysia, in
free-range or integrated farming systems (Aini, 1990). Future prospects for rearing
the village chicken are believed to be good because its meat, which is perceived to
be tasty and of higher quality than that of exotic breeds (Crawford, 2003), has been

traditionally in high demand.

During the late 1940s, broiler breeds required 12 weeks to reach the live body
weight of 1.8 kg (Appendix A). Four decades later this period had been reduced by
half, with a reduction of essentially 1 day/year to reach this weight, showing no
evidence of abatement (Gyles, 1989). Recently, Marchini ef al. (2011) have reported
that the male broiler chickens reached 2.47 kg at 42 days post-hatch. Accordingly,
the first 2 weeks post-hatch have become progressively the major part of the life of a

broiler. Tremendous progress had been made in the selection of broilers for



increased growth, feed conversion and carcass quality (Crawford, 2003; Schreiweis
et al., 2005). Genetic selection, heterosis, and improvements in husbandry, nutrition
and health have contributed to an escalating rate of growth for meat—type chickens.
Previous work has demonstrated that chicks have highly developed leg muscles at
hatch (Anthony et al., 1989). Because broilers are marketed much earlier than in the
past, many previous studies concentrated on the development of the gastro-intestinal
tract (GIT) during the post-hatching growth period to illustrate the changes
occurring in this tract during selection for fast growth (Dror et al., 1977; Lilja, 1983;

Katanbaf et al., 1988; Nitsan et al., 1991a, b).

To my knowledge there is a dearth of information relating to the Red jungle fowl,
particularly its digestive system which has not been studied. But it is known that this
species is characterised by a slow growth rate compared to the indigenous village
chicken, and considering that the Red jungle fowl is an ancestor of the domestic
chicken, comparisons can be made with the native village chicken which is also
characterised by a slow growth rate. Data can then be compared with that of the
commercial broiler chickens that have been consciously selected for high body
weight to illustrate the effects of the artificial selection on the anatomical traits of
the digestive organs. Therefore, the main aim of this study was to describe the
morphology and the growth patterns of the digestive organs and the digestive
enzyme activities (amylase, trypsin and chymotrypsin) in the pancreas and the

intestine.



Based on the hypothesis that the morphology and enzyme activity of the digestive
system in the Red jungle fowl, native village chicken and commercial broiler

chicken are different, this study was undertaken with the following objectives:

e To describe the morphological changes of the digestive system of three
breeds of chicken which differ in growth rate.

 To determine the digestive enzyme activities in the pancreas and small
intestinal contents of three breeds of chicken which differ in growth rate.

* To compare the morphology and enzyme activities of the digestive system of

three breeds of chicken, which differ in growth rate.



REFERENCES

Aini, 1. (1990). Indigenous chicken production in South-East Asia. Worlds Poultry
Science Journal 46: 51-57.

Aitken, R.N.C. (1958). A histological study of the stomach and intestine of the
chicken. Journal of Anatomy 92: 453-466.

Akester, A.R., Anderson, R.S., Hill, K.J., and Osbaldiston, G.W. (1967). A
radiographic study of urine flow in the domestic fowl. British Poultry Science
8:209-212.

Akester, A.R. (1986). Structure of the glandular layer and koilin membrane in the
gizzard of the adult domestic fowl (Gallus gallus domesticus). Journal of
Anatomy 147: 1-25.

Al-Mansour, I.M. and Jarrar, B.M. (2004). Structure and secretions of the lingual
salivary glands of the white-cheeked Bulbul, pycnonotus leucogenys
(pycnontidae). Saudi Journal of Biological Science 11: 119-126.

Al-Mansour, M.I. and Jarrar, B.M. (2007). Morphological, histological and
histochemical study of the lingual salivary glands of the little egret, Egretta
garzetta Saudi Journal of Biological Sciences 14: 75-81.

Anthony, N.B., Jones, D.E., Dunnington, E.A., Emmerson, D.A. and Siegel, P.B.
(1989). DNA, RNA and total protein content of leg and breast muscles of

white Rock chickens selected for 56-day body weight. Growth Development
and Aging 52: 177-184.

Arshad, M., Zakaria, M., Sajap, A.S. and Ismail, A. (2000). Food and feeding habits
of red junglefowl Pakistan Journal of Biological Sciences 3: 1024-1026.

Azahan, E.E.A. and Zahari, W.M. (1983). Observation on some characteristics of
carcass and meat of Malaysian kampong chickens. Mardi Research Bulletin
11:225-232.

Bacha, W.J. and Bacha, L.M. (2000). Digestive system. In Color Atlas of Veterinary
histology, 2™ ed. Blackwell publishing, Towa, USA.

Baddeley, A.J., Gundersen, H.J.G. and Cruz-Orice, L.M. (1986). Estimation of
surface area from vertical sections. Journal of Microscopy 142: 259-276.

Bailey, T.A., Mensah-Brown, E.P., Samour, J.H., Naldo, J., Lawrence, P. and
Garner, A. (1997). Comparative morphology of the alimentary tract and its
glandular derivatives of captive bustards. Journal of Anatomy 191: 387-398.

Baranyiova, E. and Holman, J. (1976). Morphological changes in the intestinal wall

in fed and fasted chicken in the first week after hatch. Acta Veterinaria (Brno)
45:151-158.

279



Barbato, G.F., Siegle, P.B., Cherry, J.A. and Nir, 1. (1984). Selection for body
weight at eight weeks of age. 17. Overfeeding. Poultry Science 63: 11-18.

Baumel, J.J. (1993). Handbook of Avian Anatomy: Nomina Anatomica Avium. 2nd
Ed. Cambridge, MA, USA: Nuttall Ornithological Club.

Bayer, R.C., Chawan, C.B., Bird, F.H. and Musgrave, S.D. (1975). Characteristics
of the absorptive surface of the small intestine of the chicken from 1 day to 14
weeks of age. Poultry Science 54: 155-169.

Beebe, W. (1926). Pheasants: Their lives and homes. Garden City, New York:
Doubleday. pp. 240-245.

Bird, F.H. (1971). Distribution of trypsin and amylase activities in the duodenum of
the domestic fowl. British Poultry Science 12: 373-378.

Bock, P. (1978). Pancreatic duct glands. I. Staining reaction of acid glycoprotein
secret. Acta Histochemica 61: 118-126.

Burns, R.B. (1982). Histology and immunology of Peyer's patches in the domestic
fowl (Gallus domesticus). Research in Veterinary Science 32: 359-367.

Calvert, R. and Pothier, P. (1990). Migration of fetal intestinal intervillus cells in
neonatal mice. Anatomical Record 227: 199-206.

Caspary, W.F. (1992). Physiology and pathophysiology of intestinal absorption.
American Journal of Clinical Nutrition 55: 299-308.

Catroxo, M.H.B., Lima, M.A.I. and. Cappellaro, C.E.M. (1997). Histological aspects
of the stomach (proventriculus and gizzard) of the red-capped cardinal
(Paroaria gularis gularis). Revista Chilena de Anatomia 15: 1-10.

Chambers, C. and Grey, R.D. (1979). Development of the structural components of
the brush border in absorptive cells of the chick intestine. Cell Tissue Research
204: 387-405.

Chambers, J.R. (2003). Genetics of growth and meat production in chickens. In
Poultry Breeding and Genetics, ed. R.D. Crawford, pp. 599-643. Elsevier,
Amsterdam, Netherlands.

Cherry, J.A. and Siegel, P.B. (1978). Selection for body weight at eight weeks of
age. 15 feed passage and intestinal size of normal and dwarf chicks. Poultry
Science 57: 336-340.

Cherry, J.A., Nir, 1., Jones, D.E. and Dunnington, E.A. (1987). Growth-associated
traits in parental and F, population of chickens under different feeding

programs.1. Ad libitum feeding. Poultry Science 66: 1-9.

Chikilian, M. and De Speroni, N.B. (1996). Comparative study of the digestive
system of three species of Tinamou. I. Crypturellus tataupa, Nothoprocta

280



cinerascens, and Nothura maculosa (Aves: Tinamidae). Journal of
Morphology 228: 77-88.

Churukian, C. J. (2002). Pigments and minerals. In Theory and practice of
histological techniques. 5th ed. Eds. J.D. Bancroft, and M. Gamble, pp. 243-
268. New York: Churchill Livingstone.

Clarke, R.M. (1977). The effects of age on mucosal morphology and epithelial cell
production in rat small intestine. Journal of Anatomy 123: 805-811.

Clauss, W., Dantzer, V. and Skadhauge, E. (1991). Adosterone modulates CI
secretion in the colon of the hen (Gallus domesticus). American Journal of
Physiology 261: 1533-1541.

Clench, M.H. (1999). The avian cecum. Journal of Experimental Zoology 283: 441-
447.

Clench, M.H. and Mathias, J.R. (1995). The avian cecum. Wilson Bulletin 107: 93-
121.

Collias, N.E. and Saichuae, P. (1967). Ecology of the red jungle fowl in Thailand
and Malaya with reference to the origion of domestication. Natural History of
Bulletin, Siam 22: 189-209.

Copland, W.J. and Alders, G.R. (2005). The Australian village poultry development
programme in Asia and Africa. World’s Poultry Science Journal 61: 31-38.

Corring , T. and Bourdon, D. (1977). Exclusion of pancreatic exocrine secretion
from intestine in the pig; existence of a digestive compensation. Journal of
Nutrition 107: 1216-1221.

Crawford, R.D. (2003). Origin and history of poultry species. In poultry breeding
and genetics. Elsevier, Amsterdam.pp. 1-41.

Dantzer, V. (1989). Ultrastructural differences between the two major components
of chicken ceca. Journal of Experimental Zoology Supplement 3: 21-31.

DeGolier, T.E., Mahoney, S.A. and Duke, G.E. (1999). Relashinships of avian cecal
lengths to food habits, taxonomic position, and intestinal length. The Condor
101: 622-632.

Del Cacho, E., Gallego, M., Sanz, A., Zapata, A. (1993). Characterization of distal
lymphoid nodules in the chicken cecum. Anatomical Record 237: 512-517.

Denbow, D.M. (2000). Gastrointestinal anatomy and physiology. In Avian
Physiology, 5™ edn, ed. G.C. Whittow, pp. 299-325. San Diego, California:
Academic Press.

Dibner, J.J. and Richards, J.D. (2004). The digestive system: Challenges and
opportunities. Journal Applied Poultry Research 13: 86-93.

281



Dror, Y., Nir, I. and Nitsan, Z. (1977). The relative growth of internal organs in light
and heavy breeds. British Poultry Science 18: 493-496.

Drury, R.A., Wallington, E.A. and Cameron, S.R. (1973). Carleton’s Histological
Technique. 4th edn. pp. 169, London: Academic Press.

Duke, G.E. (1982). Gastrointestinal motility and its regulation. Poultry Science 61:
1245-1256.

Duke, G.E. (1986). Alimentary canal: anatomy, regulation of feeding and motility.
In Avian Physiology, ed. P.D. Sturkie pp. 269-288. New York Springer-
Verlag.

Duke, G.E. (1997). Gastrointestinal physiology and nutrition in wild birds.
Proceedings of the Nutrition Society 56: 1049-1056

Dunnington, E.A. and Siegel, P.B. (1995). Enzyme activity and organ development
in newly hatched chicks selected for high or low eight-week body weight.
Poultry Science 74: 761-770.

Ecknauer, R., Vadakel, T. and Weplers, R. (1982). Intestinal Morphology and Cell
Production Rate in Aging Ratsl. Journal of Gerontology 37: 151-155.

Ekholm, R, Zelander T, Edlund, Y. (1962). The ultrastructural organization of the
rat exocrine pancreas. 11. Centroacinar cells, intercalary and intralobular
ducts. Journal of Ultrastructure Research 7: 73-83.

Elias, H. and Bengelsdorf, H. (1952). The structure of the liver of vertebrates. Acta
anatomica 14: 297-337.

Emad, M.A. (1987). Ultrastructure and arrangement of hepatocyte cords in the
duckling's liver. Journal of Anatomy 150: 181-189.

Emura, S., Okumura, T. and Chen, H. (2008). Scanning electron microscopic study
of the tongue in the peregrine falcon and common kestrel. Okajimas Folia
Anatomica Japanica 85: 11-15.

Estecondo, S., Codén, S.M. and Casanave, E.B. (2005). Histological study of the
salivary glands in Zaedyus pichiy (Mammalia, Xenarthra, Dasypodidae).
International Journal of Morphology 23: 19-24.

Farner, D.S. (1960). Digestion and the digestive system. In Biology and comparative
physiology of birds. Vol. 1. Ed. A.J. Marshall. Academic Press, New York and
London, pp. 411-467.

Forrester, J.M. (1972). The number of villi in rat’s jejunum and ileum: effect of
normal growth, partial enterectomy, and tube feeding. Journal of Anatomy
111: 283-291.

282



Ferrer, R., Planas, J.M., Durfort, M. and Moreto, M. (1991). Morphologica study of
the cecal epithelium of the chicken (Gallus gallus domesticus L). British
Poultry Science 32: 679-691.

Fumihito, A., Miyake, T., Sumi, S., Takada, M., Ohno, S. and Kondo, N. (1994).
One Subspecies of the Red Jungle fowl (Gallus gallus gallus) Suffices as the
Matriarchic Ancestor of all Domestic Breeds. Proceedings of the National
Academy of Sciences of the United States of America 91: 12505-12509.

Gabella, G. (1985). Chicken gizzard. The muscle, the tendon and their attachment.
Anatomy and Embryology 171: 151-162.

Garabedian, E.M., Roberts, L.J., McNevin, M.S. and Gordon, J.I. (1997). Examining
the role of Paneth cells in the small intestine by lineage ablation in transgenic
mice. Journal of Biological Chemistry 272: 23729-23740.

Gargiulo, A.M., Lorvik, S., Ceccarelli, P., Pedini, V. (1991). Histological and
histochemical studies on the chicken lingual glands. British Poultry Science
32: 693-702.

Geleft, S. and Bock, P. (1984). Pancreatic duct glands. II. Lectin binding affinities
of ductular epithelium, ductular glands, and brunner glands. Histochemistry
80: 31-38.

Gertler, A. and Nitsan, Z. (1970). The effect of trypsin inhibitors on
pancreatopeptidase E, trypsin, chymotrypsin and amylase in the pancreas and
intestinal tract of chicks receiving raw and heated soya-bean diets. British
Journal of Nutrition 24: 893-904.

Getty, R. (1975). Sisson and Grossman's “the Anatomy of the Domestic Animals”.
Vol. 2. 5™ edn, pp. 1874-1875. W. B Saunders Company, Philadelphia, USA.

Geyra, A., Uni, Z. and Sklan, D. (2001). Enterocyte dynamics and mucosal
development in the posthatch chick. Poultry Science 80: 776-782.

Gille, U., Salomon F.V. and Ronnert J. (1999). Growth of the digestive organs in
ducks with considerations on their growth in birds in general. British Poultry
Science 40: 194-202.

Gorrill, A.D.L. and Thomas, J.W. (1967). Trypsin, Chymotrypsin, and total
protolytic activity of pancreas, pancreatic juice, and intestinal contents from
the bovine. Analytical Biochemistry 19: 211-225.

Grey, R.D. (1972). Morphogenesis of intestinal villi. I. Scanning electron
microscopy of the duodenal epithelium of the developing chick embryo.
Journal of Morphology 137: 193-213.

Gudeman, D.M., Nelson, S.R. and Merisko, E.M. (1987). Protein secretion by
choroid plexus: isolated apical fragments synthesize protein in vitro. Tissue
Cell 19: 1-9.

283



Gulmez, N. (2003). Are glands present in goose pancreatic ducts? A light
microscope study. Journal of the Pancreas 4:125-8.

Gussekloo, S.W.S. (2006). Feeding structures in birds. In Feeding in domestic
vertebrates: from structure to behaviour. pp. 14-30. (Ed) V. Bels Oxford UK.

Gyles, N.R. (1989). Poultry, people, and progress. Poultry Science 68: 1-8.

Hinni, J.B., and Watterson, R.L. (1963). Modified development of the duodenum of
chick embryos hypophysectomized by partial decapitation. Journal of
Morphology 113: 381-247.

Hassan, S.M., Moussa, E.A. and Cartwright, A.L. (2010). Variations by sex in
anatomical and morphological features of the Tongue of Egyptian goose
(Alopochen aegyptiacus). Cells Tissues Organs 191: 161-165.

Hill, K.J. (1971). The structure of the alimentary tract. In “Physiology and
Biochemistry of the Domestic Fow!l”, ed. D.J. Bell & B.M. Freeman, pp. 1-23.
London: Academic Press. Chapter 1.

Hodges, R.D. (1974). The histology of the fowl. Academic Press. London.

Homberger, D.G. and Brush A.H. (1986) functional-morphological and biochemical
correlations of the keratinized structures in the African grey Parrot, Psittacus
erithacus (Aves). Zoomorphology 106: 103-114.

Homberger, D.G. and Meyers, R.A. (1989). Morphology of the Ingual apparatus of
the domestic chicken, Gallus gallus, with special attention to the structure of
the fasciae. American journal of Anatomy 186: 217-257.

Howard, F. and Yudkin, J. (1963). Effect of dietary change upon the amylase and
trypsin activities of the rat pancreas. British Journal of Nutrition 17: 281-294.

Hulan, H.W., and Bird, F.H. (1972). Effect of fat level in isonitrogenous diets on the
composition of avian pancreatic juice. Journal of Nutrition 102: 459-468.

Humason, G.L. (1972). Animal tissue techniques. 3rd edn. W.H. Freeman and
Company, San Francisco, pp. 180-182.

Humphrey, C.D., and Turk, D.E. (1974). The ultrastructure of chick intestinal
absorptive cells during Eimeria acervulina infection. Poultry Science 53:
1001-1008.

Iji, P.A., Saki, A. and Tivey, D.R. (2001a). Body and intestinal growth of broiler
chicks on a commercial starter diet.l. intestinal weight and mucosal
development. British Poultry Science 42: 505-513.

Iji, P.A., Hughes, R.J., Choct, M. and Tivey, D.R. (2001b). Intestinal structure and

function of broiler chickens on wheat-based diets supplemented with a
microbial enzyme. Journal of Animal Science 14: 54-60.

284



Ikeno, T. and Ikeno, K. (1991). Amylase activity increases in yolk of a fertilized
egg of domestic fowl by incubation. Poultry Science 70: 2176-2179.

Iwasaki, S. (1992). Fine structure of the dorsal lingual epithelium of the little tern,
Stena albifrons Pallas (Avis, Lari). Journal of Morphology 212: 13-26.

Iwasaki, S.T. (2002). Evolusion of the structure and function of the vertebrate
tongue. Journal of Anatomy 201: 1-13.

Iwasaki, S. and Kobayashi K. (1986). Scanning and transmission electron
microscopical studies on the lingual dorsal epithelium of chickens. Acta
Anatomica 61: 83-96.

Iwasaki, S., Tomoichiro, A. and Chiba, A. (1997). Ultrastructureal study of the
keratinization of the dorsal epithelium of the tongue of middendorff’s bean

goose, Anser fabalis middendorffii (Anseres, Antidae). Anatomical Record
247: 149-163.

Ito, S. (1964). The surface coating of enteric microvilli. Anatomical Record 148:
249-159.

Jackowiak, H., Andrzejewski, W. and Godynicki, S. (2006). Light and scanning
electron microscopic study of the tongue in the cormorant phalacrocorax carbo
(Phalacrocoracidae, Aves). Zoological Science 23: 161-167.

Jackowiak, H. and Godynicki, S. (2005). Light and scanning electron microscopic
study of the tongue in the white tailed eagle (Haliaeetus albicilla,
Accipitridae, Aves). Anatomischer Anzeiger 187: 251-259.

Jackowiak, H. and Ludwing, M. (2008). Light and scanning electron microscopic
study of the structure of the Ostrich (Strutio camelus) tongue. Zoologyical
Science 25: 188-194.

Jackson, S. and Dimond, J.M. (1996). Metabolic and digestive response to artificial
selection in chickens. Evolution 50: 1638-1650.

James, P.S., Smith, M.W. and Tivey, D.R. (1988). Single villus analysis of
disaccharidase expression by different regions of the mouse intestine. Journal
of Physiology 401: 533-545.

Jerrett, S.A. and Goodge, W.R. (1973). Evidence for amylase in avian salivary
glands. Journal of Morphology 139: 27-46.

Johnson, O.W. and Skadhauge, E. (1975). Structural-functional correlations in the
kidneys and observations of colon and cloacal morphology in certain
Australian birds. Journal of Anatomy 120: 495-505.

Kapadia, S. and Baker, S.J. (1976). The effects of alterations in villus shape on the

intestinal mucosal surface of the Albinorat; the relationship between mucosal
surface area and the crypts. Digestion 14: 256-268.

285



Katanbaf, M.N., Dunnington, E.A. and Siegel, P.B. (1988). Allomorphic
relationships from hatching to 56 days in parental lines and F; crosses of
chickens selected 27 generations for high or low body weight. Growth
Development and Aging 52: 11-22.

Kendrey, G. and Roe, F.J.C. (1969). Histopathological changes in the pancreas of
laboratory rats. Laboratory Animal 3: 207-220.

Khambualai, O., Ruttanavut, J., Kitabatake, M., Goto, H., Erikawa, T. and
Yamauchi K. (2009). Effects of dietary natural zeolite including plant extract
on growth performance and intestinal histology in Aigamo ducks. British
poultry Science 50: 123-130.

King, A.S. and McLelland, J. (1979). Form and function in birds. Vol. 1. New York,
Academic Press.

King, A.S. and McLelland, J. (1984). Birds: their structure and function. London:
Bailliere, pp. 88-89.

Kitagawa, H., Imagawa, T. and Uehara, M. (1996). The apical caecal diverticulum
of the chicken identified as a lymphoid organ. Journal of Anatomy 189: 667-
672.

Kitagawa, H., Hiratsuka, Y., Imagawa, T. and Uehara, M. (1998). Distribution of
lymphoid tissue in the caecal mucosa of chickens. Journal of Anatomy 192:
293-298.

Krogdahl, A. and Sell, J.L. (1989). Influence of age on lipase, amylase, and protease
activities in pancreatic tissue and intestinal contents of young turkeys. Poultry
Science 68: 1561-1568.

Lee, C.C., and Amin-Babjee, S.M. (1993). New host records of parasites in the
Malayan red jungle fowl, Gallus gallus spadiceus. Pertanika Journal of
Tropical Agricultural Science 16: 107-110.

Leslie, M.A., Moran, E.T. and Bedford, M.R. (2007). The effect of phytase and
glucanase on the ileal digestible energy of corn and soybean meal fed to
broilers. Poultry Science 86: 2350-2357.

Lewin, K. (1969). Histochemical observations on Paneth cells. Journal of Anatomy
105: 171-176.

Lilja, C. (1981). Postnatal growth and organ development in the goose (Anser
anser). Growth 45: 329-341.

Lilja, C. (1983). A comparative study of postnatal growth and organ development in
some species of birds. Growth 47: 317-339.

286



Lilja, C., Sperber, I. and Marks, H.L. (1985). Postnatal growth and organ
development in Japanese quail selected for high growth rate. Growth 49: 51-
62.

Lima, M.A.L. (1977). Cited in, Rocha, D.O.S. and De Lima, M.A.I. (1998).
Histological aspects of the stomach of Burrowing owl. Revista Chilena de
Anatomia 16: 191-197.

Lim, S.S., and Low, F.N. (1977). Scanning electron microscopy of the developing
alimentary canal in the chick. American Journal of anatomy 150: 149-174.

Liu, J.W., Evans, H., Larsen, P., Pan, D., Xu, S.Z., Dong, H.C., Deng, X.B., WAN,
B., GR, T. (1998). Gross anatomy of the pancreatic lobes and ducts in six
breeds of domestic ducks and six species of wild ducks in china. Anatmia
Histologia Embryologia 27: 413-417.

Looper, J.B. and Looper, M.H. (2005). A histological study of the colic caeca in the
bantam fowl. Journal of Morphology 48: 585-609.

Lucas, A.M. and Denington, E.M. (1956). Morphology of the chicken liver. Poultry
Science 35: 793-806.

Madden, M.E. and Sarras, M.P. (1989). The pancreatic ductal System of the rat: cell
diversity, ultrastructure, and innervation. Pancreas 4: 472-485.

Maiorka, A., Dahlke, F., Morgulis, M.S. (2006). Broiler adaptation to post-hatching
period. Cienc. Rural 36: 701-708.

Malewitz, T.D. and Calhoun, M.L. (1958). The gross and microscopic anatomy of
the digestive tract, spleen, kidney, lungs, and heart of the turkey. Poultry
Science 37: 388-398.

Malinovsky, L. and Novontna, M. (1977) Branching of the celiac artery in some
domestic birds. 11i. A comparison of the pattern of the celiac artery in three
breeds of the domestic fowl (Gallus gallus f. Domestica). Anatomischer
Anzeiger 141: 137-46.

Maloiy, G.M., Warui, C.N. and Clemens, E.T. (1987). Comparative gastrointestinal
morphology of the Kori bustard and secretary bird. Zoo biology 6:243-251.

Maneewan, B. and Yamauchi, K. (2003). Effects of semi-purified pellet diet on the
chicken intestinal villus histology. Poultry Science 40: 254-266.

Marchini, C.F., Silva, P.L., Nascimento, M.R., Beletti, M.E., Silva, N.M. and
Guimaraes, E.C. (2011). Body Weight, Intestinal Morphometry and Cell
Proliferation of Broiler Chickens Submitted to Cyclic Heat Stress.
International Journal of Poultry Science 10: 455-460.

Marsden, S.J. (1940). Weights and measurements of parts and organs of turkeys.
Poultry Science 19: 23-28.

287



Marshall, A.J. and Folley, S.J. (1956). The origin of nest cement in edible-nest
swiftlets. Proceedings of Zoological Society of London 126: 383-389.

Mathan, M., Moxey, P.C. and Trier, J.S. (1976). Morphogenesis of fetal rat
duodenal villi. American Journal of Anatomy 146: 73-92.

Mayhew, T.M., and Middleton, C. (1985). Crypt, villi and microvilli in the small
intestine of the rat, A stereological study of their variability within and
between animals. Journal of Anatomy 141: 1-17.

McLelland, J. (1975).Aves digestive system. In “Sisson and Grossman’s The
anatomy of the domestic animals” Vol. 2. 5" edn. Ed. R. Getty, pp. 1857-1882.
W.B. Saunders Company, Philadelphia, USA.

McLelland, J. (1979). Digestive system. In Form and function in birds, ed. A.S.
King and J. McLelland, pp. 69-181. Academic Press, London.

McLelland, J. (1989). Anatomy of the avian cecum. Journal of experimental
Zoology supplement 3: 2-9.

McMinn, RM.H. and Kugler, J.H. (1961). The glands of the bile and pancreatic
ducts Autoradiographic and histochemical studies. Journal of Anatomy 95: 1-
11.

Menzies, G. and Fisk, A. (1963). Observations on the oxyntico-peptic cells in the
proventricular mucosa of Gallus domesticus. Quarterly Journal of
Microscopical Science 104: 207-215.

Mikami, S.I. and Ono, K. (1962). Glucagons deficiency induced by extirpatation of
alpha islets of the fowl pancreas. Endocrinology 71: 464-473.

Mitchell, M.A. and Smith, M.W. (1990). Jejunal alanine uptake and structural
adaptation in response to genetic selection for growth rate in the domestic fowl
(Gallus domesticus). Journal of Physiology 424: 7-15.

Mitchell, M.A. and Smith, M.W. (1991). The effects of genetic selection for
increased growth rate on mucosal and muscle weights in the different regions
of the small intestine of the domestic fowl (Gallus domesticus). Comparative
Biochemistry and Physiology 99: 251-258.

Mitjans, M. Barniol, G. and Ferrer, R. (1997). Mucosal surface area in chicken small
intestine during development. Cell and Tissue Research 290: 71-78.

Moran, E.T. (1985). Digestion and absorption of carbohydrats in fowl and events
through perinatal development. Journal of Nutrition, 115: 665-674.

Moss, R. (1989). Gut size and digestion of fibrous diets by tetraonid birds. Journal
of Experimental Zoology. Supplement 3: 61-65.

288



Motta, P., Fumagalli, G. (1974). Scanning electron microscopy demonstration of
cilia in rat intrahepatic bile ducts. Anatomy and Embryology 145: 223-226.

Motta, P.M., Macchiarelli, G, Nottola, S.A. and Correr, S. (1997). Histology of the
Exocrine Pancreas. Microscopy Research and Technique 37: 384-398.

Mouwen, J.M.V.M. (1971). White scours in piglets. Veterinary Pathology 8: 364-
380.

Mupeta, B., Wood, J., Mandonga, F. and Mhlanga, J. (2003). A comparison of the
performance of village chickens, under improved feed management, with the
performance of hybrid chickens in tropical Zimbabwe. http://www.dfid.gov
.uk /r4d/ SearchResearchDatabase.asp. Zimbabwe.

Murakami, H., Akiba, Y. and Horiguchi, M. (1992). Growth and utilization of
nutriets in newly hatched chicks with or without removal of residual yolk.
Growth Development and Aging 56: 75-84.

Naik, D.R. and Dominic, C.J. (1962). The intestinal caeca of some Indian birds in
relation to food habits. Naturwissenschaften 49: 287.

Neutra, M.R. and Forstner, J.F. (1987). Gastroinestinal mucous: synthesis, secretion
and function. In: Physiology of the Gastroinestinal tract. 2nd edn. (L. R.
Johanson ed.). New York: Raven Press, pp. 975-1009.

Nickel, R., Shummer, A. and Seiferle, E. (1977). Anatomy of the domestic birds. nd
Ed., Verlag Paul Parey. Berlin and Hamburg.

Nickel, R., Shummer, A. and Seiferle, E. (1979). The viscera of the domestic
mammals. 1st Ed., Verlag Paul Parey. Berlin and Hamburg.

Nir, 1., Nitsan, Z., Dror, Y. and Shapira, N. (1978). Influence of overfeeding on
growth, obesity and intestinal tract in young chicks of light and heavy breeds.
British Journal of Nutrition 39: 27-35.

Nir, I., Nitsan, Z. and Mahagna, M. (1993). Comparative growth and development
of the digestive tract and of some enzymes in broiler and egg type chicks after
hatching. British Poultry Science 34: 523-532.

Nishida, T., Hayashi, Y., Shotake, T., Maeda, Y., Yamamoto, Y., Kurosawa, Y.,
Douge, K. and Hongo, A. (1992). Morphological identification and ecology of
the red jungle fowl in Nepal. Animal Science and Technology 63: 256-269.

Nishida. T., Paik, y. and Yasuda, M. (1969). Comparative and topographical
anatomy of the fowl. LVIII. Blood vascular supply of the glandular stomach
(Ventriculus glandularis) and the muscular stomach (Ventriculus muscularis).
Japanes Journal of Veterinary Science 31: 51-70.

Nishida. T., Tsugiyama, 1. and Mochizuki, K. (1976). The gastric venous system of
the domestic goose. Japanese Journal of Veterinary Science 38: 595-610.

289



Nitsan, Z., Ben-Avzaham, G., Zoref, Z. and Nir, [. (1991a). Growth and
development of the digestive organs and some enzymes in broiler chicks after
hatching. British Poultry Science 32: 515-523.

Nitsan, Z., Dror, Y., Nir, I. and Shapira, N. (1974). The effect of force-feeding on
enzymes of the liver, kidney, pancreas and digestive tract of chicks. British
Journal of Nutrition 32: 241-247.

Nitsan, Z., Dunnington, E.A. and Siegel, P.B. (1991b). Organ growth and digestive
enzyme levels to fifteen days of age in lines of chickens differing in Body
weight. Poultry Science 70: 2040-2048.

Nitsan, Z. and Madar, Z. (1978). The level and origin of amylase (EC 3.2.1.1) in the
digestive tract of chicks receiving trypsin inhibitors in their diet. British
Journal of Nutrition 40: 235-235.

Nitsan, Z., Nir, . and Petihi, I. (1984). The effect of meal-feeding and food
restriction on body composition, food utilization and intestinal adaptation in
light-breed chicks. British Journal of Nutrition 51: 101-109.

Noy, Y., Geyra, A. and Sklan, D. (2001). The effect of early feeding on growth and
small intestinal development in the posthatch poult. Poultry Science 80: 912—
919.

Noy, Y. and Sklan, D. (1995). Digestion and absorption in the yong chick. Poultry
Science 74: 366-373.

Noy, Y. and Sklan, D. (1997). Posthatch development in poultry. Journal of Applied
Poultry Research 6: 344-354.

Noy, Y. and Sklan, D. (1998). Yolk utilization in the newly hatched poult. British
Poultry Science 39: 446-451.

Noy, Y., Uni, Z. and Sklan, D. (1996). Routes of yolk utilization in the newly-
hatched chick. British Poultry Science 37: 987-996.

Ogiolda, L., Wanke, R., Rottmann, O., Hermanns, W. and Wolf, E. (1998).
Intestinal dimensions of mice divergently selected for body weight.
Anatomical Record 250: 292-299.

Ogunkoya, Y.O. and Cook, R.D. (2009). Histomorphology of the proventriculus of
three species of Australian Passerines: Lichmera indistincta, Zosterops
lateralis and Poephila guttata. Anatomia Histologia Embryologia 38: 246-

253.

Osman, A.M. (1982). Amylase in chicken intestine and pancreas. Comparative
Biochemistry and Physiology 73: 751-574.

290



O’Sullivan, N.P., Dunnington, E.A., Larsen, A.S. and Siegel, P.B. (1992).
Correlated responses in lines of chickens divergently selected for fifty-six-day
body weight. 3. digestive enzymes. Poultry Science 71: 610-617.

Penzes, L. and Skala, J. (1977). Changes in the mucosal surface area of the small gut
of rats of different ages. Journal of Anatomy 124: 217-222.

Permezel, N.C. and Webling, D.D. (1971). The length and mucosal surface area of
the small and large gut in young rats. Journal of Anatomy 108: 295-296.

Phelps, P.V., Edens, F.W. and Christensen, V. L. (1987). The post-hatch physiology
of the turkeypoult: 1. growth and development. Comparative Biochemistry and
Physiology 86: 739-743.

Pinchasov, Y., Nir, I. and Nitsan, Z. (1990). Metabolic and anatomical adaptations
of heavy-bodied chicks to intermittent feeding. 2. Pancreatic digestive
enzymes. British Poultry Science 31: 769-777.

Pinchasov, Y. and Noy, Y. (1994). Early postnatal amylolysis in the gastrointestinal
tract of turkey poults (Meleagris gallopavo). Comparative Biochemistry and
Physiology 107: 221-226.

Pubols, M.H. (1991). Ratio of digestive enzymes in chick pancreas. Poultry Science
70: 337-342.

Purton, M.D. (1969). Structure and ultrastructure of the liver in the domestic fowl,
Gallus gallus. Journal of Zoology 159: 273-282.

Rahman, M.L., Islam, M.R., Masuduzzaman, M. and Khan, M.Z.I. (2003).
Lymphoid, tissues in the digestive tract of Deshi Chicken (Gallus Gallus

domesticus) in Bangladesh. Pakistan Journal of Biological Science 6: 1145-
1150.

Rajabi, E. and Nabipour, A. (2009). Histological study on the oesophagus and crop
in various species of wild bird. Avian Biology Research 2: 161-164.

Ramlah, A.H. (1996). Performance of village fowl in Malaysia. World'’s poultry
science 52: 75-79.

Rao, N.S. and Williams, A.W. (1972). Normal and ischemic jejunal mucosa of mice
scanning electron microscope study. Journal of Microscopy 15: 219-224.

Rezaian, M. and Hamedi, S. (2007). Histological study of the caecal tonsil in the
cecum of 4- 6 months old white leghorn chicks. American journal of animal
and veterinary science 2: 50-54.

Richardson, K.E. and Hamilton, P.B. (1987). Enhanced production of pancreatic

digestive enzymes during aflatoxicosis in egg-type chickens. Poultry Science
66: 640-644.

291



Rideau, N., Nitsan, Z. and Mongin. P. (1983). Activities of amylase, trypsin and
lipase in the pancreas and small intestine of the laying hen during egg
formation. British Poultry Science 24: 1-9.

Riise, C.J., Permin, A. and Kryger, K.N. (2005). Strategies for developing family
poultry production at village level- experiences from west Africa and Asia.
World’s Poultry Science Journal 61: 15-21.

Ritz, C.W., Hulet, RM., Self, B.B. and Denbow, D. M. (1995). Growth and
intestinal morphology of male turkeys as influenced by dietary
supplementation of amylase and xylanase. Poultry Science 74: 1329-1334.

Rocha, D.O.S. and De Lima, M.A.L. (1998). Histological aspects of the stomach of
Burrowing owl. Revista chilena de anatomea 16: 191-197.

Rossi, J.R., Baraldi-Artoni, S.M., Oliveira, D., Cruz, C., Franzo, V.S. and Sagula, A.
(2005). Morphology of beak and tongue of partridge Rhynchotus rufescens.
Ciencia Rural 35: 1-7.

Rossi, J.R., Baraldi-Artoni, S.M., Oliveira, D., Cruz, C., Sagula, A., Pacheco, M.R.
and Araujo, M.L. (2006). Morphology of oesophagus and crop of the partridge
Rhynchotus rufescens (Tiramidae). Acta Scientiarum-Boilogical Sciences 28:
165-168.

Sagsoz, H. and Liman, N. (2009). Structure of the oesophagus and morphometric,
histochemical-immunohistochemical profiles of the oesophageal gland during
the post-hatching period of Japanese quails (Coturnix coturnix japonica).
Anatomia Histologia Embryologia 38: 330-340.

Samanya, M. and Yamauchi, K. (2001). Morphological changes of the intestinal villi
in chikens fed the dietary charcoal powder including wood vinegar
compounds. Poultry Science 38: 289-301.

Samara, M.E., Avila, R.E., Esteban, F.J., Olmedo, L., Dettin, L., Massone, A.,
Pedrosa, J.A. and Peinnado, M.A. (2002). Histochemical and ultrastructural
study of the chicken salivary palatine glands. Acta histochemica 104: 199-207.

Saw, P.P. (2006). Morphological of gut-associated and bronchus-associated
lymphoid tissues of calves in relation to age, PhD Thesis, University Putra
Malaysia.

Schaefer, C.M., Corsiglia, C.M., Mireles, A. and Koutsos, E.A. (2006). Turkey
breeder hen age affects growth and systemic and intestinal inflammatory

responses in female poults examined at different ages post-hatch. Poultry
Science 85:1755-1763.

Schreiweis, M.A., Hester, P.Y., and Moody, D.E. (2005). Identification of

quantitative trait loci associated with bone traits and body weight in an F,
resource population of chickens. Genetics Selection Evolution 37: 677-698.

292



Selander, U. (1963). Fine structure of the oxyntic cells in the chicken proventriculus.
Acta Anatomica 55: 299-310.

Sell, J.L., Angel, C.R., Piquer, F.J., Mallarino, E.G. and AL-Bastshan, H.A. (1991).
Developmental patterns of selected characteristics of the gastrointestinal tract
of young turkeys. Poultry Science 70: 1200-1205.

Selvan, P.S., Ushakumary, S. and Ramesh, G. (2008). Studies on the histchemistry
of the proventriculus and gizzard of post-hatch Guinea fowl (Numida
meleagris). International Journal of Poultry Science 7: 1112-1116.

Shamoto, K., Yamauchi, K. and Kamisoyama, H. (1999). Morphological alterations
of the duodenal villi in chicks refed rice bran or grower mash after fasting.
Japanes Poultry Science 36: 38-46.

Shires, A., Thompson, J.R., Turner, B.V., Kennedy, P.M. and Goh, Y.K. (1987).
Rate of passage of corn-canola meal and corn-soybean diets through the

gastrointestinal tract of broiler and white leghorn chickens. Poultry Science
66: 289-298.

Shyla, P., Ommer, P.A. and Lucy, P. (1992). Structure and post-natal development
of the proventriculus in the duck. Indian Journal of Poultry Science 27: 10-14.

Siegel, P.B. and Dunnington, E.A. (1987). Selection for growth in chickens. World’s
Poultry Science 1: 1-24.

Silva, A.V, Maiorka, A., Borges, S.A., Santin, E., Boleli, I.C. and Macari, M.
(2007). Surface area of the tip of the enterocytes in small intestine mucosa of
broilers submitted to early feed restriction and supplemented with glutamine.
International Journal of Poultry Science 6: 31-35.

Sklan, D. (2001). Development of the digestive tract of poultry. World’s Poultry
Science 57: 415-428.

Sklan, D. and Noy, Y. (2003). Functional development and intestinal absorption in
the young poult. British Poultry Science 44: 651-658.

Sklan, D., Smirnov, A. and Plavnik, 1. (2003). The effect of dietary fibre on the
small intestines and apparent digestion in the Turkey. British Poultry Science
44: 735-740.

Smith, M.W., Mitchell, M.A. and Peacock, M.A. (1990). Effects of genetic selection
on growth rate and intestinal structure in the domestic fowl (Gallus
domesticus). Comparative Biochemistry and Physiology 97: 57-63.

Strong, T.R., Reimer, P.R. and Braun, E.J. (1989). Avian cecal microanatomy; a

morphometric comparison of two species. Journal of experimental Zoology
supplement 3: 10-20.

293



Strong, T.R., Reimer, P.R. and Braun, E.J. (1990). Morphometry of the galliform
cecum: Acomparison between Gambel’s quail and the domestic fowl. Cell and
Tissue Research 259: 511-518.

Stutz, M.W., Johnson, S.L. and Judith, F.R. (1983). Effects of diet, bacitracin, and
body weight restrictions on the intestine of broiler chicks. Poultry Science 62:
1626-1632.

Suganuma, T., Katsuyama, T., Tsukahara, M., Tatematsu, M., Sakakura, Y. and
Murata, F. (1981). Comparative histochemical study of alimentary tracts with
special reference to the mucous neck cells of the stomach. American Journal
of Anatomy 161: 219-238.

Suprasert, A. and Fujioka, T. (1987). Lectin histochemistry of glycoconjugates in
esophageal mucous gland of the chicken. Japanese Journal of Veterinary
Science 49: 555-557.

Suprasert, T., Fujioka, T. and Yamada, K. (1986). Glycoconjukates in the secretory
epithelium of the chicken mandibular gland. Histochemical Journal 18: 115-
121.

Susi, F.R. (1969). Keratinization in the mucosa of the ventral surface of the
chicken tongue. Journal of Anatomy 105: 477-486.

Svihus, B. (2006). The role of feed processing on gastrointestinal function and
health in poultry. In Avian gut function in health and disease, ed. G.C. Perry,
pp. 186-194, Biddles, Kugs Lynn. U.K.

Swisher, B. (2002). Microorganisms. In Theory and practice of histological
techniques. 5th ed. Eds. J.D. Bancroft, and M. Gamble, pp. 325-344. New
York: Churchill Livingstone.

Ten Doeschate, R.A., Scheele, C.W., Schreurs, V.V.A.M. and Van Der Klis, J.D.
(1993). Digestability studies in broiler chickens: influence of genotype, age,
sex and method of determination. British Poultry Science 34: 131-146.

Testa Riva, F., Cossu, M., Lantini, M.S. and Riva, A. (1985). Fine structure of
human deep posterior lingual glands. Journal of Anatomy 142: 103-115.

Thouvenelle, M.L., Haynes, J.S. and Sell, J.L. (1995). Astrovirus infection in
hatchling turkeys: alterations in intestinal maltase activity. Avian Diseases 39:

343-8.

Toner, P.G. (1963). The fine structure of resting and active cells in the submucosal
glands of the fowl proventriculus. Journal of Anatomy 97: 575-583.

Toner, P.G. (1964). The fine structure of gizzard gland cells in the domestic fowl.
Journal of Anatomy 98: 77-86.

294



Toryu, Y., Hoshino, T. and Tamate, H. (1960). Histological study of the lingual
salivary glands in the chicken with special reference to the occurrence of the
glycogen in the gland cell nuclei. Tohoku journal of agricultural research 11:

309-317.

Totty, B.A. (2002). Mucins. In Theory and practice of histological techniques, 5th
edn. J.D. Bancroft, and M. Gamble, eds. pp.163-200. New York: Churchill

livingstone.

Turk, D.E. (1982). The anatomy of the avian digestive tract as related to feed
utilization. Poultry Science 61: 1225-1244.

Uni, Z., Ganot, S. and Sklan, D. (1998). Posthatch development of mucosal function
in the broiler small intestine. Poultry Science 77: 75-82.

Uni, Z., Noy, Y. and Sklan, D. (1995). Posthatch changes in morphology and
function of the small intestines in heavy-and light-strain chicks. Poultry
Science 74: 1622-1629.

Uni, Z., Noy, Y.and Sklan, D.(1996). Development of the small intestine in heavy
and light strain chicks before and after hatching. British Poultry Science 37:
63-71.

Uni Z., Noy, Y. and Sklan, D. (1999). Posthatch development of small intestinal
function in the poult. Poultry Science 78: 215-222.

Vigueras, R.M., Rojas-Castaneda, J., Hernandez, R., Reyes, G. and Alvarez, C.
(1999). Histological characteristics of the intestinal mucosa of the rat during
the first year of life. Laboratory Animals 33: 393-400.

Wall, C.W. and Anthony, N.B. (1995). Inheritance of carcass variable when giant
jungle fowl and broilers achieve a common physiological body weight.
Poultry Science 74: 231 —236.

Wallis, [.R. and Balnave, D. (1984). The influence environmental temperature, age,
and sex on the digestibility of amino acids in growing broiler chickens. British
Poultry Science 25: 401-407.

Watkins, E.J., Butler, P.J. and Kenyon, B.P. (2004). Posthatch growth of the
digestive system in wild and domesticated ducks. British Poultry Science 45:

331-341.

Weyrauch, K.D. and Schnorr, B. (1976). Die feinstruktur des epithel des ductus
pancreaticus major des schafes. Acta Anatomica 96: 232-47.

Wight, P.A.L. (1975). The occurrence of lipid in the oxyntico-peptic cells of the
proventriculus of the fasting domestic fowl. Journal of Anatomy 120: 485-494.

Wong, G.K. and Cavey, M.J. (1992). Development of the liver in the chicken
embryo. Anatomical Record 234: 555-567.

295



Yamauchi, K. (2002). Review on chicken intestinal villus histological alterations
related with intestinal function. Poultry Science 39: 229-242.

Yamauchi, K., lida, S. and Isshiki, Y. (1992). Post-hatching developmental changes
in the ultrastructure of the duodenal absorptive epithelial cells in 1, 10 and 60-

d-old chickens, with special reference to mitochondria. British Poultry Science
33:475-488.

Yamauchi, K. and Isshiki, Y. (1991). Scanning electron microscopic observations on
the intestinal villi in growing white leghorn and broiler chickens from 1 to 30
days of age. British Poultry Science 32: 67-78.

Yamauchi, K., Isshiki, Y., Zhou, Z.-X. and Nakahiro, Y. (1990). Scanning and
transmission electron microscopic observations of bacteria adhering to ileal
epithelial cells in growing broiler and white Leghorn chickens. British Poultry
Science 31: 129-137.

Yamauchi, K., Kamisoyama, H. and Isshiki, Y. (1996). Effects of fasting and
erfeeding on structures of the intestinal villi and epithelial cells in white
leghorn hens. British Poultry Science 37: 909-921.

Yamauchi, K. and Tarachai, P. (2000). Changes in intestinal villi, cell area and

intracellular autophagic vacuoles related to intestinal function in chickens.
British Poultry Science 41: 416-423.

Yamauchi, K., Yamamoto, K. and Isshiki, Y. (1995). Morphological alterations of
the intestinal villi and absorptive epithelial cells in each intestinal part in fasted
chickens. Japanese Poultry Science 32: 241-251.

Yasar, S. and Forbes, J.M. (1999). Performance and gastro-intestinal response of
broiler chicks fed on cereal grain-based foods soaked in water. British Poultry
Science 40: 65-76.

Yoshizawa, S. (1978). Studies on pancreatic duct system. I) The fine structure of the
major pancreatic ducts of normal and chronic pancreas injury dogs.
Gastroenterology 13: 213-223.

Young, B., Lowe, J.S., Stevens, A. and Heath, J.W. (2006). Wheater’s functional
histology. 5™ ed. Churchill Livingstone.

Zharkov, V.P., Yarygin, V.N. and Dolzhikov, A.A. (1994). Structural basis for an
epithelial barrier in the main pancreatic duct of some mammals. Bulletin of
Experimental Biology and Medicine 118: 1211-1213.

Zijlstra, R.T., Whang, K.Y., Easter, R.A. and Odle, J. (1996). Effect of feeding a
milk replacer to early-weaned pigs on growth, body composition, and small
intestinal morphology, compared with suckled littermates. Journal of Animal
Science 74: 2948-2959.

296



Zupriza, L., Larbier, M. and Chagneau, A.M. (1992). Effect of age and sex on true
digestibility of amino acids of rapeseed and soybean meals in growing
broilers. Poultry Science 71: 1486-1492.

297



