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Abstract: This experiment was conducted to study the single and
combined effects of mannan oligosaccharide and dietary protein on the
performance, egg quality, immunity response, serum constituents and
economical efficiency of laying hens which designed as factorial
arrangement, three levels of crude protein (CP: 14.75,13.25,and
11.75%) x two levels of mannan oligosaccharide (MOS: 0 and 0.1%). A
total number of 72 Hy- Line W- 36 laying hens 49 weeks old were
distributed randomly into six equal groups each group containing 12
hens. The results obtained could be summarized as follows: 1- Level of
CP% significantly (P<0.01) affected each of egg production % (EP%),
egg mass (EM), egg weight (EW), feed conversion (FC) and caloric
conversion ratio (CCR). The level of 14.75% CP had numerically
higher EP%, EM, EW than the level 13.25% CP and it had better
(P<0.01) FC or CCR than the other levels of CP% . The level of 13.25%
CP caused insignificant increase in immune responses of SRBCs, CBH
response of laying hens. 2-Adding MOS to layers diets significantly
improved FC, crude protein conversion (CPC) and CCR. Also, it caused
significant increases in shell %, yolk% , yolk index (YI), serum total
protein  and  albumin  while  decreased egg  albumen%.
MOS supplementation caused insignificant increase in primary and
secondary immune response of SRBCs and CBH response of hens
compared with unsupplemented diet. 3-Hens fed the 14.75% CP
unsupplemented diet with MOS had significantly higher (P<0.01) EP%
and EM than the groups fed 11.25% CP with or without 0.1% MOS diets,
but, it insignificantly differed than other groups. The group of 14.75%
CP + 0.1% MOS had the highest (P<0.01) EW, the lowest FI(P<0.05)
and the best (P<0.01) FC and CCR followed by group 13.25% CP +
0.1% MOS of EW, FC and CCR. 4-Eggs produced by layers fed diet
contains 13.25% CP+0.1% MOS had significantly higher shell% but



lower albumen% than other groups. Eggs produced by groupll.75%
CP+0.1% MOS had the higher YI than other groups. 5-The highest
values of primary immune response against sheep red blood cells
(SRBCs) were found in the groups fed diets contained 13.25% CP with or
without MOS, whereas the highest value of secondary immune response
was found in the group fed diet contains 11.75% CP+ 0.1% MOS
followed by 13.25% CP+0.1% MOS group which had the highest value
of cutaneous basophil hypersensitivity (CBH) response . The highest
values (P<0.01) of serum total protein and albumin were of groups 14.75
% CP+0.1% MOS and 13.25% CP+0.1% MOS. These results favored
the middle levels of CP (13.25%) + 0.1% MOS in diet of laying
hens caused better effect in immunity responses of hens than others and
the highest values of economical efficiency with the relative economical
efficiencies were shown in the groups 14.75 % CP+0.1% MOS and
13.25% CP+0.1% MOS. It could be concluded that adding 0.1% MOS as
natural feed additive in diets of laying hens which contain a level of CP
that recommended by strain catalog or less with 1.5% were economically
better in production and immunity without adverse effect on egg quality.
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INTRODUCTION

Using alternatives to antibiotic growth promotants in commercial
chickens have become important mainly because of apprehensions about
the possible development of resistant bacteria. At the same time,
continuous use of antibiotic growth promotants in breeders may have one
important ramification that could affect the poultry industry, reduction in
the efficacy of antibiotics when used in progeny that are hatched to the
same parents (Shashidhara and Devegowda, 2003). Also, antibiotic
growth promotants resulted in the occurrence of resistant microorganisms
which became one of the major problems in human medicine. One of
many such classes of alternatives is the prebiotic mannan oligosaccharide
(MOS). The MOS is derived from the outer cell wall of yeast. Mannose ,
the main component of MOS, is a unique sugar because many enteric
bacteria have receptors that bind to it (Griggs and Jacob, 2005). The
MOS supplementation is considered because it is not only shifts



gastrointestinal microflora balance toward beneficial organisms (Spring
et al., 2000, Fairchild ef al., 2001) but also resulted in significant
improvement in antibody responses in broiler and layers (MacDonald,
1995, Savage et al., 1996, Cotter, 1997, Cotter et al., 2000 Cotter et
al., 2002, Raju and Devegowda, 2002). Supplementation of poultry
diets with MOS results in improved production in terms of body weight
gain and feed conversion (Parks ef al., 2001), which partly may be due
to its hypothesized nutrient sparing effect and primarily to its influence
on nutrient utilization in the gastrointestinal tract (Kumprecht ez al.,
1997, Savage et al., 1997, Sonmez and Eren, 1999).

Dietary protein content has a much consideration due to its high cost
and its great effect on the production parameters of laying hens.
Matching dietary protein and amino acids levels to the production
requirement of laying hens is another important mean of reducing
nitrogen emissions and excretion. Lowering the CP of the laying hens
diets not only reduce nitrogen consumption but also means that less
unutilized nitrogen is excreted. The response by the laying hens to
dietary protein levels has been controversial for many years. Fernandez,
et al. (1973) reported that increasing dietary protein level lead to an
increase in egg production %. Also, average egg weight of layers
increased as dietary protein level increased (Summers, 1993). Moreover,
Calderon and Jensen (1990) observed an improvement in FC due to
high dietary protein level. However, Angelovicova (1994) found that a
low-protein diet containing 14.1 % CP reduced average daily FI and
improved FC. Glick, et al. (1983) showed that diet deficient in protein
(33% of requirement) could reduce numbers of lymphocytes in the
thymus of chickens. However, the responses were varied by strain,
dietary protein (Cheema ef al., 2003) environment, stress, production
state and health status. Thus, protective immune responses require a
supply of nutrients at the appropriate times and amounts (Humphrey e?
al., 2002). The present experiment aimed to study single and combined
effects of mannan oligosaccharide and dietary protein on the performance
and immunity responses, serum constituents, and economical efficiency
of laying hens



MATERIALS AND METHODS

The experimental work of the present study was carried out at the
Poultry Research Station, Poultry Department, Faculty of Agriculture.
Fayoum University from April to July 2003, to study single and
combined effects of mannan oligosaccharide and dietary protein on the
performance, egg quality, immunity response, serum constituents of
laying hens. A total number of 72 Hy- Line W- 36 laying hens at 49
weeks old were distributed randomly into six equal groups each group
containing 12 hens in 12 replicates, one hen/ replicate. The experiment
was designed as factorial arrangement, three levels of CP (14.75, 13.25,
and 11.75%) x two levels of mannan oligosaccharide (0 and 0.1%). The
basal diets were formulated to satisfy nutrient requirements of laying
hens according to the strain catalog recommendations (14.7 CP % and
2770 ME. K cal / kg). The composition and chemical analyses of the
experimental diets are shown in Table 1. Artificial light was used beside
the normal day light to provide 16-hour day photoperiod. Feed and water
were provided ad libitum. Individual body weights were recorded at the
beginning and the end (61 weeks of age) of the experiment to calculate
live body weight changes (LBWC). Egg number (EN) and egg weight
(EW) were recorded daily to calculate egg production % (EP% =
EN*100/84 day) and egg mass (EM= EN* EW). Feed intake (FI) was
recorded weekly and it using to calculate feed conversion (FC= FI/ EM),
crude protein conversion (CPC= FI* CP%/ EM) and caloric conversion
ratio (CCR= FI* ME. K cal / EM).

Egg quality measurements were determined monthly on eggs of the
last three days. Twelve eggs / group were collected monthly throughout
the experimental periods to determine egg shape index % (SI, Carter,
1968), shell thickness (ST) including shell membranes was measured
using a micrometer at three locations on the egg (air cell, equator and
sharp end), the percentage of shell , albumen and yolk were calculated
.Yolk color (YC) was determined by matching the yolk with one of the
15 bands of the “1961- Roche improved yolk color fan. Yolk index %
was calculated according to (Well, 1968) , Haugh unit score (HU) was
applied from a special chart using egg weight and albumen height which
was measured by using a micrometer according to Haugh (1937).



At 54 weeks of age four hens of each group were injected in wing
vein with 0.2 ml of sheep red blood cells solution (SRBCs 9%
suspension) and the blood samples were collected from the wing vein of
these birds after one week to determine SRBCs primary immune
response. The same birds were reinjected at 60 weeks of age and the
blood samples were collected from these birds after 5 days to determine
SRBCs secondary immune response in serum and determine the serum
constituents. Antibody response against SRBCs were measured in serum
using micro haemagglutination technique as described by Yamamoto
and Glick (1982) and Dix and Taylor (1996). The titers were expressed
as the log 2 of the reciprocal of the highest dilution giving
visible agglutination (Atta et al., 1998). Serum constituents were
determined calorimetrically using kits according to Weichselbaum
(1946) for total protein, Dumas and Biggs (1972) for albumin , Allain,
et al. (1974) for total cholesterol and Wahlefeld (1974) for triglycerides.

To determine cutaneous basophil hypersensitivity (CBH ) response,
three hens from each group were randomly selected at 61 weeks of age
and injected with 0.1 ml of phytohaemagglutinin —-P (PHA-P,100 pg/ml )
subcutaneously in the right toe web, whereas. 0.1 ml saline was injected
subcutaneously in the left toe web which served as the control. The
thickness of both toe webs were measured in mm using a micrometer at
24 hr after injection. The CBH response was calculated as described by
(Atta et al., 1998) as follows:

CBH response = Thickness of right toe web ( PHA-P) response /
Thickness of left toe web (saline response)

Economical efficiency of egg production was calculated from the
input-output analysis which was calculated according to the price of the
experimental diets and eggs produced. These values were calculated as
the net revenue per unit of total cost. Analysis of variance was computed
using the general linear model (GLM) procedure of statistical analysis
system according to SPSS (1999). Significant differences among means
were evaluated using Duncan’s multiple range test (Duncan, 1955).



RESULTS AND DISCUSSION

Productive performance of laying hens

Results presented in Table 2 showed that levels of CP% significantly
(P<0.01) affected each of EP%, EM, EW, FC and CCR. The level of
14.75% CP had insignificantly (P>0.05) higher EP%, EM, EW than the
level of 13.25% CP and, it had better FC or CCR than the other levels of
CP% . However, the 11.75% CP had the lowest EP%, EM, EW (56.00%,
2413g and 51.42g respectively) associated with the worst FC and CCR
being 3.13 g feed/ g EM and 8.68 calorie/ g EM. No significant effects of
dietary protein on the FI, CPC and LBWC of laying hens were found.
Hammershoj and Kjaer (1999) and Bunchasak ez al. (2005) reported
trend that increasing the egg weight with increasing dietary protein
however, decreasing the level of protein improved CPC . Similar trends
were found by Bunchasak er al. (2005) that high CP of 16 and 18
% tend to have better EP% and EM than the lower level of 14 % CP
.However, Hammershoj and Kjaer (1999) reported that different levels
of dietary protein did not affect EP%. On the other hand, Harms and
Russell (1995) reported that the 10.95% CP satisfied the requirements
needed for egg production , egg mass and egg content.

Adding MOS to diets of laying hens significantly improved FC, CPC
and CCR than the unsupplemented diet (2.54 g feed/g EM, 0.342 g CP/g
EM and 7.06 calorie/ g EM vs 2.86 g feed/g EM, 0.376 g CP/g EM and
7.94 calorie/ g EM respectively) , regardless of level CP level. Whereas,
the MOS supplementation had no significant effects on EP%, EM, EW,
FI and LBWC. Similarly, Shashidhara and Devegowda (2003) found
that MOS supplementation had no influence on egg production of broiler
breeders. On the contrary, Guerrero ,1995, Berry and Lui , 2000 and
Stanley ez al.,2000 reported considerable improvement in egg production
in the MOS-fed birds. Similar results of significant FC improvement
were found in laying hens and Japanese quail at the same level of MOS
supplementation were reported by Chukwu and Stanley (1997) and
Ghosh, et al. (2007). This is may be because MOS maintain gut health
by adsorption of pathogenic bacteria containing type-1 fimbrae of
different bacterial strains and remove the bacteria from gut (Oyofo ef al.,
1989 and Spring et al., 2000) and increase villus height, uniformity and



integrity also, increase in crypt depth is attributed to greater expenditure
of energy to develop the absorptive surface (Dawson and Tricarico,
2002, Loddi et al., 2002 , Olivera, et al., 2006 ,Mourao et al., 2006 and
Ghosh, et al., 2007)

Except for LBWC and CPC, there were significant treatment
mteraction effects on each of EP%, EM, EW, FI, FC, and CCR as shown
in Table 2. The 14.75% CP unsupplemented diet with MOS had
significantly higher EP% and EM (70.83% and 3118g) than either the
11.25% CP unsupplemented diet with MOS (54.17% ad 2380g) or the
11.75% CP supplemented 0.1% MOS (57.84% and 2445g) whereas the
former insignificantly differed than other groups for these traits. The
level of 14.75% CP supplemented 0.1% MOS had significantly higher
EW (55.46), however the level of 11.75% CP supplemented 0.1% MOS
had lower EW (50.37g) than other groups. The level 14.75% CP
unsupplemented MOS consumed more daily FI (94.12) than other groups
whereas the 14.75% CP supplemented 0.1% MOS had the lowest FI of
85.24¢g. Therefore, the latter group had the best (P<0.01) FC of 2.17g
feed/ g EM followed by 13.25% CP+0.1% MOS being 2.48 g feed/ g EM
however poorer FC than other groups was shown by the 11.75% CP
unsupplemented MOS being 3.28 g feed/ g EM. Similar trend were found
for CCR.

Egg quality

Except YI, levels of CP% insignificantly affected all external and
internal egg quality traits. The 11.75% CP had the highest YI of 56.82%
as shown in Table 3. However, Hammershoj and Kjaer (1999)
reported that with increasing dietary protein, albumen quality traits and
egg shell % decreased. MOS supplementation resulted in significant
increases in shell %, yolk% and YI of 10.73, 29.49 and 56.71%,
respectively and a decrease in albumen% being 59.81% (Table 3).
Similarly, Berry and Lui (2000) and Shashidhara and Devegowda
(2003) reported that the MOS improved egg shell quality traits in older
breeder females. There were significant differences in each of shell%,
albumen% and YI (P<0.05) due to treatment interactions, may be due to
improvement in calcium availability. Eggs produced by layers fed the
13.25% CP+0.1% MOS had significantly higher shell% but lower



albumen% than other groups (11.27% and 59.46%). Eggs produced by
hens fed thell.75% CP+0.1% MOS had the highest YI of 59.88%
whereas these fed the 13.25%CP unsupplementation MOS produced
significantly lower Y1 of 50.49% than other groups as shown in Table 3.

Immunity responses

Results presented in Table 4 indicated that the levels of CP%
significantly affected the primary immunity. The level of 13.25% CP
caused an increase in primary immune response (P<0.071) of SRBCs of
laying hens, however, insignificantly influenced either the secondary
immune response of SRBCs or the value of CBH response of laying
hens. MOS supplementation caused insignificant increase in primary
(P<0.227), secondary (P<0.055) immune response of SRBCs and CBH
response (P<0.126) of hens, regardless of CP%. However, Malzone et al.
(2000) and Shashidhara and Devegowda (2003) reported that hens fed
diet supplemented with 0.05% MOS had higher SRBCs titers than
controls at one week post-sensitization and significant increase in the
values of antibody titers of broiler breeders. This effect on antibody titers
may bedue to theinfluence of the MOS on immune system
and/or improvement of intestinal absorption of some related nutrients,
such as Zn, Cu, Se. In addition to the reduction of the pathogenic bacteria
load in the intestine and preventing the acute immune response against
such bacteria (Finucane, et al., 1999 and Spring et al., 2000). The
interaction between levels of CP% and levels of MOS% showed no
consistent trend in the values of primary and secondary immune
response of SRBCs and CBH response. The highest values of primary
immune response were found in the groups which fed diet contains
13.25% CP with or without MOS, whereas the highest value of
secondary immune response was found in the group fed the 11.75% CP+
0.1% MOS diet followed by the group fed diet contains 13.25%
CP+0.1% MOS. The highest value of CBH response was found of the
group fed diet contains 13.25% CP+0.1% MOS. The results indicate to
the middle levels of CP (13.25%) + 0.1% MOS i diets of laying
hens caused better effect in immunity responses of hens than others.



Serum constituents

The levels of CP % significantly affected triglycerides (P<0.05), the
lowest value was found in the group fed the 13.25% CP. However, there
were no effect of the different levels of CP% used in this study on each
of serum total protein, albumin, globulin, A/G ratio and cholesterol.
Adding of 0.1% MOS in diets of laying hens caused significant increases
(P<0.01) in serum total protein and albumin compared with the hens fed
the unsupplemented diet (10.09 vs 8.98g/dl and 6.36 vs 5.16g/dl),
regardless of CP % however, insignificantly affected other serum
constituents as shown in Table 4. Significant differences were found
(P<0.01) in serum total protein and albumin due to levels of CP% and
MOS % interaction, the highest values were of groups 14.75 % CP+0.1%
MOS and 13.25% CP+0.1% MOS being 10.34 and 10.24g/dl for total
protein and 6.54 and 6.67 24g/dl for serum albumin, whereas, the lowest
values were 8.68g/dl and 4.51g/dl of total protein and albumin for group
11.75 % CP+0.0MOS, respectively as shown in Table 4. it can be
concluded that adding MOS to diets containing different levels of CP
may be induced such improvement in synthesis of serum total protein and
albumin.

Economical efficiency

Supplementing layer diets which differed in level of CP with 0.1%
MOS improved economical efficiency and relative economical efficiency
of laying hens compared with those fed the unsupplemented diet. The
highest values of economical efficiency of 1.515 and 1.365 with the
relative economical efficiencies of 116.00 and 104.49 were shown for the
groups fed 14.75% CP+0.1% MOS and 13.25% CP+0.1% MOS.
However, the worst values were found (0.967 and 74.01 of economical
efficiency and its relative economical efficiency) for the group fed
11.75% CP+0.0 MOS as shown in Table 5. Similarly, Namra (2006)
suggested that incorporation of 0.15 % baker's yeast in diet of quail layers
apparently exhibited better amelioration in feed cost /egg than the control
group. It could be concluded that adding 0.1% MOS as natural feed
additive in diets of laying hens which contain a level of CP that
recommended by strain catalog or less with 1.5% were economically
better in production and immunity without adverse effect on egg quality.



10



11



12



13



14



REFERENCES

Allain, C.C., Poon, L. S., Chan, C. S. G., Richmond, W., Fu, P. C. (1974).
Enzymatic determination of total serum cholesterol. Clin. Chem., 20:
470-475.

Angelovicova, M. (1994). Economic use of a low-protein feed mixture in layer
diet. Zivocisna-Vyroba., 39: 1049 - 1062.

Atta, A.M. Abdou, A.M. Mohamed, F.R. and Goher, N.E. (1998).
Immunological variation among commercial broiler strains. Egypt. J.
Anim. Prod., 35: 113-124.

Berry,W. D. and Lui, P. (2000). Egg production, egg shell quality and bone
parameters in broiler breeder hens receiving Bio- Mos and Eggshell 49.
Poult. Sci., 79 (Suppl. 1):124. (Abst.).

Bunchasak, C., Poosuwan, K. and Nukraew, R. (2005). Effect of Dietary
protein on egg production and immunity responses of laying hens during
peak production period. Int. J. Poult. Sci., 4: 701-708.

Calderon, V. and Jensen, L.S. (1990). The requirement for sulfur amino acid
by laying hens as influenced by the protein concentration. Poult. Sci., 69:
934-944.

Carter, T. C. (1968). The hen egg. A mathematical model with three
parameters. Br. Poult. Sci., 9: 165 - 171.

Chukwu, H. 1. and Stanley, V. G. (1997). Dietary Saccharomyces cervisiae and
mannan oligosaccharide reduced the deleterious effect of heat stress on
White Leghorn laying hens. Association of research Directors
Eleventh Biennial Research Symposium October 1-4, 1997.

Cheema, M. A., Qureshi, M.A. and Havenstein, G.B. (2003). A comparison of

the immune profile of commercial broiler strains when raised on
marginal and high protein diets. Int. J. Poult. Sci., 5: 300-312.

15



Cotter, P. F. (1997).Modulation of the immune response: Current perceptions
and future prospects with an example from poultry. pp. 195-204 in
Biotechnology in the Feed Industry. T. P. Lyons and K.A. Jacques, ed.
Nottingham University Press, Nottingham.

Cotter, P. F., Malzone, A., Paluch, B., Lilburn, M. S. and Sefton. A. E.
(2000). Modulation of humoral immunity in commercial laying hens by a
dietary prebiotic. Poult. Sci., 79(Suppl. 1):38 (Abst.).

Cotter, P. F., Sefton, A. E., and Lilburn. M.S.(2002). Manipulating the
immune system of layers and breeders: Novel applications for mannan
oligosaccharides. pp. 21-28 in Nutritional Biotechnology in the Feed and
food Industries.

Dawson K. A. and Tricarico J. (2002). The evolution of yeast cultures — 20
years of research. Navigating from Niche Markets to Mainstream
Proceeding from Alltech's 16th Annual European, Middle Eastern
and African Lecture Tour.

Dix, M.C. and Taylor, R. L. J. (1996). Differential antibody responses in 6.B
maior histocompatbility .B complex congenic chickens. Poult. Sci., 75:
203 - 207.

Dumas, B.T. and Biggs, H.G. (1972). In Standard Methods of Clinical
Chemistry. Vol 7. Academic Press New York. USA.

Duncan, D.B. (1955). Multiple range and multiple F Test. Biometrics, 11: 1-42.

Fairchild, A. S., Grimes, J. L., Jones, F. T., Wineland, M. J., Edens, F. W.,
and Sefton. A. E. ( 2001). Effects of hen age, Bio- Mos, and Flavomycin
on poult susceptibility to oral Escherichia coli challenge. Poult. Sci.,
80:562-571.

Fernandez, R. Salman, A. J. and Ginnis, J.M. (1973). Effect feeding different

protein levels and of changing protein level on egg production. Poult.
Sci., 52: 64-69.

16



Finucane, M., Spring, P. and Newman, E. (1999). Incidence of mannose
sensitive adhesions in enteric bacteria . Poult. Sci., 78 (Suppl.): 139
(Abst.).

Glick, B. Taylor, R.L. J. Martin, D.E. Watabe, M. Day, E.J. and Thompson,
D. (1983). Caloric-protein deficiencies and immune response of the
chicken. II. Cell mediated immunity. Poult. Sci., 62: 1889 — 1893.

Ghosh, H. K., Halder, G. Samanta, G., Paul, S. K. and Pyne, S. K. (2007).
Effect of dietary supplementation of organic acid and mannan
oligosaccharide on the performance and gut health of Japanese Quail
(Coturnix Coturnix Japonica). Asian J. Poult. Sci., 1: 1-7.

Griggs, J. P. and Jacob J. P.(2005). Alternatives to antibiotics for organic
poultry production. J. Appl. Poult. Res., 14: 750-756.

Guerrero, M. R. (1995). Using yeast culture and lactic acid bacteria in broiler
breeder diets. pp. 371-378 in Biotechnology in the Feed Industry. T. P.
Lyons and K. A. Jacques, ed. Nottingham University Press, Nottingham.

Hammershoj, M. and Kjaer, J. B. (1999). Phase feeding for laying hens:
Effect of protein and essential amino acids on egg quality and
production. Acta Agriculturae Scandinavica, Section A- Animal
Sciences., 49: 31-41.

Harms, R. H. and Russell, G. B. (1995). A re-evaluation of the protein and
lysine requirement for broiler breeder hens. Poult. Sci. 74: 581-58S.

Haugh, R. R. (1937). The Haugh unit for measuring egg quality. US Egg
Poult. Mag., 43: 552-555.

Humphrey, B.D. Koutsos, E.A. and Klasing, K.C. (2002). Requirements and
priorities of the immune system for nutrients Nutrition biotechnology in
the feed and food industries. Proceedings of Alltech's 18™ annual
symposium pp. 69 — 77 Lyons T.P. Jasques K.A. Nottingham. UK
Nottingham University Press.

17



Kumprecht, 1., Zobac, P., Siske, V., Sefton, A. E and Spring, P. (1997).
Effects of dietary mannanoligosaccharide level on performance and
nutrient utilization of broilers. Poult. Sci. 76 (Suppl. 1):132. (Abstr.).

Loddi, M. M., Nakaghi, 1. S. O., Edens, F., Tucci, F. M., Hannas, M. L.,
Moraes, V. M. B. and Ariki, J. A. (2002). Effect of mannan
oligosaccharides and organic acids on intestinal morphology integrity of
broiler evaluated by scanning electron microscope. Proceeding of 11"
European Poultry Science Conference, Bremen, Germany, PP: 121.

MacDonald, F. (1995). Use of immunostimulants in agricultural applications.
pp.- 97-103 in Biotechnology in the Feed Industry. T. P. Lyons and K.A.
Jacques, ed. Nottingham University Press, Nottingham.

Malzone, A., Paluch, B., Lilburn, M.S. and Sefton, A. E. (2000). Modulation
of humoral immunity in commercial laying hens by dietary probiotic.
Poult. Sci., 79 (suppl 1), 165.

Mourao, J.I., Pinheiro, V., Alves, A., Guedes, C.M., Pinto, L., Saavedra,
M.J., Spring, P., and Kocher, A. (2006). Effect of mannan
oligosaccharides on the performance, intestinal morphology and cecal
fermentation of fattening rabbits. Anim. F. Sci. and Tech., 126: 107-
120.

Namra, M. M. M. (2006). Influence of using Baker,s Yeast and microbial
phytase in Japanese Quail diets on productive performance and some
physiological parameters. Egypt. Poult. Sci., 26: 579 — 607.

Oliveira, M. C., Gravena, R. A., Marques, R. H., Cancherini, L. C.,
Rodrigues, E. A. (2006). Morphometry of intestinal mucosa in 21 day-
old broiler chickens fed mannan-oligosaccharides and a blend of enzyme.
Poultry Science Association 95™ Annual Meeting Abstract., July 16-
19, 2006.

Oyofo, B. A., Deloach, J. R., Corrier, D.E., Norman, J. O. Ziprin, R. L.

and Mollenhauer, H. H. (1989). Prevention of Salmonella typhimurium
colonization of broilers with D-mannose. Poult. Sci., 68:1357-1360.

18



Parks, C. W., Grimes, J. L., Ferket, P. R. and Fairchild, A. S. (2001). The
effect of mannan oligosaccharides, bambermycins, and virginiamycin on
performance of large white male market turkeys. Poult. Sci., 80:718-
723.

Raju, M. V. I. N. and Devegowda, G. (2002). Esterified-Gluco-mannan in
broiler chickens diets-contamimated with aflatoxin, ochratoxin and T-2
toxin: Evaluation of its binding ability (in vitro) and efficacy as
immunomodulator. Asian-Aust. J. Ani. Sci., 15: 1051- 1056.

Savage, T. F., Cotter, P. F. and E. 1. Zakrzewska (1996). The effect of feeding
mannanoligosaccharide on immunoglobulins, plasma IgG and bile IgA of
wrolstadMWmale turkeys. Poult. Sci., 75(Suppl. 1):143. (Abst.).

Savage, T. F., Zakrzewska, E. 1. and J. R. Andreasen (1997). The effects of
feeding mannan oligosaccharide supplemented diets to poults on
performance and morphology of small intestine. Poult. Sci., 76(Suppl.
1):139. (Abst.).

Shashidhara, R. G. and Devegowda, G. (2003). Effect of dietary
mannanoligosaccharide on broiler breeder production traits and
immunity. Poult. Sci., 82:1319.

Sonmez, G. and Eren, M. (1999). Effects of supplementation of zinc bacitracin,
mannanoligosaccharide and probiotic into the broiler feed on
morphology of the small intestine. Vet. Fak. Derg. Uludag Univ.,
18:125-138.

Spring, P., Wenk, C., Dawson, K. A. and Newman, K. E. ( 2000). The effects
of dietary mannan oligosaccharides on cecal parameters and the

concentrations of enteric bacteria in the ceca of Salmonella-challenged
broiler chicks. Poult. Sci., 79:205-211.

SPSS (1999). Statistical software package for the social sciences SPSS, Int.,
USA.

19



Stanley, V. G., Brown, C. and Sefton, T. (2000). Single and combined effects
of dietary protease and mannanoligosaccharide on the performance of
laying hens. Poult. Sci., 79(Suppl. 1):62. (Abstr.).

Summers, J.D. (1993). Reducing excretion of the laying hen by feeding lower
crude protein diets. Poult. Sci., 72: 1473 - 1478.

Wahlefeld, A.W. (1974). In Methods of Enzymatic Analysis. Vol 5. HU
Bergmever. Ed. Academic Press. New York., 1831-1835.

Weichselbaum, T.E. (1946). An accurate and rapid method for the
determination of protein in small amounts of blood serum and serum.
Am. J.Clin. Path., 16: 40-48.

Well. R. J. (1968). The measurement of certain egg quality: A study of the hens
egg. Ed. By T.C. Carter Pub. Oliver and Boy Edinbrugh pp. 220-226 and
235-236.

Yamamoto, Y. and Glick, B. (1982). A comparison of the immune response
between two lines of chickens selected for differences in the weight of
the bursa of fabricius. Poult. Sci., 61: 2129 - 2132.

A8dal) (4950 9 S gl o) liall AS jidial) g A al) el i)
oAbl zlaall Lelid) Alaiuyl g o)) e

Gy A e g G Al 48 s
sas— agdl) daala — Ao 30 AdS - ) gal) and

2 gaal o) il A i Al g A Sl enl bl dul el A el sda gyl

O (el a3 55 Cranna s bl zlaall Leliall Llainll) 5 ola¥) e dalell (45 505

el (e gt s X (%:\\,vo‘W,Yo‘\i,\w)e\;j\&ﬁu_.mo_‘;ag)m
(o LS i) gasdll (Say g

(ol ALS ¢ Ganll Zl A (e IS o laa (g sime 8 4] IS G5 5l (6 sle- )

A Oy 2 % VY0 (s siuall A8l o gad Jara g AR Jo gl Jamae ¢ panll o

% VT, Y0 (5 sl 4 Jlia Gandl ()5 cpmnd) ABS ¢ Gandl L) s 8 L oY)

20



%% V¥, Y0 (5 siveall g oyi g ) (e (5 5 AY) il ginedll A5 e S AEUAN () gat Jaeass
Alaiul 5 aiall o) jaall aall Gl S dia Ao lial) LAY (84 sina e 830 ) G (5 0
Cria bl zlaall (35 3y S s o liall i) Y, (bl Zlaalldulial) L
pomedl SN gyl ¢ Jliall Jola ¢ Jliall Avs ¢ (anall 3 pi8 A 84, gima 30
83l ) s 3 S gl gl il Adlza) el (e sl (8 Gl a5 sl e sl 5
Alaiin) g aiall o) yasldl anll S e A il A0 §Y) Ae il G 8 4 sina e
L ddde e sl clalanll -7 Zalial) anay 45 i Galull clalanlldpuleall 1o
o (3 aa Ligina AW Sy S sa sl gliall Lel cilian e 5 5 5% ) €,V0
s % V)5Y0 Le (30le (e sliaadl Cile panally 45 e () A1S ¢ ) £l
a5 3 alall Calell 40aS 3 (L sina) JBY) 5 Al ()5 o8 (Jan Lisies) oY) 2
o5l Jama g (S o sadll Jame dacaill (355 (8 S sad s Gl %00 )+ (s 2
Oﬂ:,)_{%\V,Yog%;@)hwc@cs\magt?awégﬂu@ﬁm_i Al
O sl A 8 JBY) (055 il A (8 Ly st ol OIS 2 S ) (e %+, )+
O %000\ 85 % VT Y0 Ae sane (e @il pandls s AV Sl sand) (e
a2l ) A e Ll Aatud e sl o jlaall iy 8L siee el S 2y S sadd )
Oﬂ:,ﬁ%W,YoL@_):ngmcéc‘z\ﬁd\aum\ga;}éﬂg\w\e{j\a\p
Ao Ll a3 e Al (o (a8 2 S a5l (e Ll Cilima 58 i (il
Glie % 5V O % VY, Ve L dade e 3l e sanall 8 s A 8
Caslial Al 5 2 S gl ) Glie %00 )+ O 2 % VYL YO J) e sema el 3 S s )
sl s amally IS (555 5l (12 L sine) oY) il Lpulial) T i iy dad e
% VY, Y0 5 S gadl gl lia %o, Vo s 2 % Y €,V0 Gle seaall il o pu)
Ot g ) e o V1 5 sl () oyl Ll o3 2y S gl o) (e 90 ) 5 e
2 o Gl s palll plaadl dAdle 80 Ss sl (L %+ )+ (% VY, Y0)
Lba sy selilll eV il 5| o ,AY) e saaddl e Cilalaa A eliall cililaiuy)
Oie %V + 00— % VE, VO e s eaall 8 alS dalia BY) Bl aSl A S

S sl sl e 9+, Y (s 32 % VYL YO 5 S sad )

G (o8 Aanla Al ABLalS 3y S pad gl (e %+, ) Alialy A ) (S Iy
3T ) ALl 7 S L 4 om0 5 54 5 sna o (583 (L5 bl ol
e ol il s el s 2 LY 8 Lolia) a1 )5S Cum 94 1,0 jlaiay L

Al 3352

21



