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Abstract:Three hundred sixty, 7 days old Japanese quail chicks were randomly divided
into six groups of 60 chicks, with similar initial average body weight, in three replicates of
20 birds each. Different levels from natural product of yeast cell walls in form of
fcommercial suspension} containing 25 g/L MOS +30 g/L B-glucan were used in this
experiment. The six treatment groups were used i.e negative and positive control (groups |,

2) fed the basal diet. The other groups fed the basal diet and supplemented with different
levels (0.5, 1, 1.5 and 2 ml/L respectively) of above suspension via drinking water from the
second wk of age tell the end of experiment (six wk). All chicks from groups 2, 3, 4.5 and 6
were vaccinated against Newcastle Disease virus ( Lasota strain vaccine) at  day 21 and
repeated at day 28, respectively to evaluate the primary and secondary antibody responses.

Five birds from each group at day 35 were injected in the right wing- web with 0.1mL of
phytohemagglutinin-L. The swelling of the wings were measured before injection, at 24, 48
and 72 hrs, post injection, to measure the cell mediated immunity response.

The results indicated that, the highest (P< 0.001) body weight gain was recorded for the
group fed on 0.5mi/L (12.5 mg/L MOS +15 mg/L B-glucan) (group 3). A similar trend was
nearly obtained for the feed conversion ratio (FCR) in which, the low level of MOS+B-
glucan significantly (P< 0.001) improved the feed efficiency as compared with the
remaining treatments. Non Significant differences have been recorded in TP and Alb, but
significant differences in Glb and A/G ratio were obtained compared with control
chicks. Regarding to the total lipids, data clearly indicate significant decrease for chicks
Jed (25 mg/L MOS + 30 mg /L B-glucan) (group 4) compared with the control and other
treatments. Triglycerides as well as cholesterol levels diminished significantly due to
application of low doses. AST activity was non significantly reduced in treated quails. The
high values of Lipase and amylase énzymes activities were found in (groups 3 and 4,
respectively). The primary and secondary immune responses were improved for the chicks
Jed low levels of MOS and B-glucan compared with other supplemented groups. It is
clearly observed that, the control treatments(group 1, 2) and the high level of MOS + B-
glucan (group 6) had the lowest (P< 0.001) wing-web swelling at 24 h post PHA-L
infection compared with the chicks received other levels of MOS+B-glucan (group 3,4 and
3). Histological observation support the performance data, where the growth performance
of the treatment groups was significantly improved. It could be concluded that, treated
Japanese quails with low levels of MOS and B-glucan improves growth performance,
regulate lipid metabolism and enhance humoral and cellular immunity.
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INTRODUCTION

Prebiotics are short-chain
carbohydrates consist of polymerization of
two to sixty sugar’s units. They are though to
be non digestible by human or animal
digestive =~ enzymes (Cummings and
Macfarlance, 2002).

Prebiotics are feed ingredients that
stimulate selectivity to growth and activity
of bifidobacteria and lactobacilli in the
digestive tract of birds, and so, increase the
natural resistance. Using of dietary
additives such as Probiotics and Prebiotics
has many beneficial effects on growth and
feed efficiency (Dilworth and Day, 1978
and Crawford, 1979).

Mannan oligosaccharide (MOS) and
B-glucan are present naturally in the cell
wall of the yeast cell ( Saccharomyces
cerevisiae ). They exerts a significant
growth promoting effect by enhancing the
animal’s resistance to enteric pathogens.
MOS is commercially available as a feed
supplement and regarded as safe compound
(Ferket, 2004). Based on the scientific
literature, MOS enhances resistance to
enteric disease and promotes growth by: (1)
inhibits colonization of enteric pathogens
by blocking bacterial adhesion to gut lining
(Oyofo et al., 1989; Spring et al., 2000,
Duval-Iflah, 2001;Valancony et al., 2001),
(2) enhances immunity (Ferket,2002;
Humphrey er al., 2002), (3), qrush border
mucin barrier (lji e al., 2001; Loddi et al.,
2002), (4) integrityof the gut lining
(Sonmez and Eren, 1999; Ferket, 2002) (5)
and reduces enterocyte turnover rate
(Spring et al. 2000).

The benefits of MOS are based on
specific properties that include
modification of intestinal flora, reduction
in turnover rate of the intestinal mucosa
and modulation of the immune system in
the intestinal lumen. These properties have
the potential to enhance growth rate, feed
conversion efficiency and viability in
commercial broilers and turkeys and to
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increase egg production. (Diiworth and
Day, 1978, Crawford, 1979, and Hooge,
2004), In addition, prebiotics resulted in
increase the activities of digestive enzymes
in gastro-intestinal tract of broiler chicks
(Dawlat et al., 2006).

B-glucans are structural components
of the cell wall of many bacteria, fungi, algae
and yeast as well as cereal grains. They are
belong to group of physiologically active
compounds teamed biological response
modifiers due to their ability to stimulate the
immune system (Lowry ef al 2005).

Therefore, the aim of the present
study was to demonstrate the effect of
different levels from natural product
containing mixture of Mannan
oligosaccharide and B-glucan (as prebiotics)
on the growth performance, blood
biochemical profile of Japanese quail. Also,
the digestive enzymes activities and humora!
and cellular immunity were studied.

MATERIALS AND METHODS

The present study was carried out at
Poultry Production Farm, Faculty of
Agriculture, Zagazig university, during
summer season of year 2010.

Birds, Diets and Experimental
Design

Three hundred sixty, 7 days old
Japanese quail chicks were randomly divided
into six groups of 60 chicks, with almost
similar initial average body weight, in three
replicates of 20 birds each. Ali birds were
housed in battery cages with similar hygienic
and managerial conditions. Feed and water
were provided for ad libitum consumption
throughout the experimental period. The
grower diet was formulated to meet all
requirements as recommended by NRC
(1994). The composition of the basal diet is
shown in Table (1).

Different levels from natural product
of yeast cell walls in form of (commercial



suspension) containing 25 g/l. MOS +30 g/L
B-glucan were used in this experiment. The
six treatment groups were used as negative
and positive control (groups 1,2) fed the
basal diet. The other groups fed the basal diet

plus different levels of above suspension via
drinking water from the second wk of age
tell the end of experiment(six wk) as follows:
(All groups were vaccinated, except only the
first group).

Groups | Treatments

Negative control fed basal diet

Positive control fed basal diet

Fed basal diet+0.5 ml/L(12.5mg/L MOS+ 15 mg/L B-glucan)

Fed basal diet+ Im{/L(25 mg/L MOS+30mg/L B-glucan)

Basal diet +1. § mI/L (37.5 mg/L MOS+ 45 mg/L B-glucan)

bl | | [

Basal diet + 2ml (50mg / L MOS +60 mg/L. B-glucan)

Performance traits

The individual body weights (BW)
were weekly recorded from the beginning of
experiment till the sixth week. Then, the
gain{BWG) was calculated. Feed
consumption (FC) was also recorded and
feed conversion ratio (FCR) was calculated
as feed to gain (g feed/g gain) ratio.

Immunization and titration
Newcastle Disease virus ( NDV)

- All chicks from groups (2,3.4.5 and
6) were vaccinated against Newcastle
Disease virus ( Lasota strain vaccine) at day
21 and repeated at day28. Plasma samples
were collected seven days after the first and
second immunization respectively to
evaluate the primary and secondary antibody
responses (Hitchner er al. 1980). The
antibody responses were measured using a
micro— heamagglutination technique as
described by Dix and Taylor {(1996). The
antibody data were expressed as the log 2 of
the reciprocal of the highest dilution given
visible agglutination.

against

Cell mediated immunity response

Five birds from each treatment group
at day35 were injected in the right wing- web
with 0.1mL of phytohemagglutinin-L (Sigma
Chemical Co., st. Louis, u 063178), (each Iim
contains 100 ug PHA-L dissolved in sterile
saline). The swelling of the wings were
measured with micrometer before injection
and at 24, 48 and 72 hrs, post injection.
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While the left wing was injected with 0.1 ml
of the sterile saline and kept as control.

Blood biochemical analysis

At the end of the experimental period
(6bwk), six chicks from each group were

randomly chosen and  sacrificed in a
horizontal  position to  reduce the
antiperistalsis movement of intestinal

segments and regurgitation of their contents.
Blood samples were collected in heparinized
tubes, centrifuged at 4000 rpm for 15 min.
Plasma were decanted and stored at -20°C for
subsequent biochemical analysis.

Plasma total protein (TP,g/dl)
according to  Henry, (1974).Albumin
(Alb,g/dl) by the method described by
Doumas et al(1971).  Globulin(Glb)

concentration was calculated by subtraction of
plasma Alb from plasma TP. Total lipids
(TL,g/L) was determined according to Knight
et al, (1972) and cholesterol (TC mg/dl)
according to Richmond, (1973). Triglycerides
(TG,mg/dl) was also estimated by the method
of Trinder, (1969). Activities (IU/L) of alanine
transaminase {ALT) and aspartate
transaminase (AST) were colorimetrically
determind by using commercial kits according
to Reitman and Frankel (1957).

Mecasurement of pancreatic enzymes
activities
The contents and the adjacent

epithelial lining of the duodenum and upper
ileum were taken, mixed and about 1g of the



mixed content was immediately diluted with
10 ml of distilled water. Al samples were
centrifugated (3000 rpm/min) for 10 minutes,
the suopematant fluid was taken then stored at
-20 ¢’ until the time of enzymatic analysis.
Digestive enzymes activities were measured
in the digestive fluid samples according to
Pinchasov and Noy (1994) for amylase and
Skian er al. (1975) for lipase.

Histological studies

The same previous Six birds of each
group were taken during slaughtering time
for histological studies. Tissue samples from
illum were taken, immediately fixed in 10%
Formo- saline solution for ordinary
histologica! technique. All sections (4-S um
thick) were stained with haemotoxylline and
eosin (H& E) stains. Sections were examined
under  light  microscope and  then
photographed using digital camera.

Statistical analysis

Data were subjected to analysis of
variance using general linear model
described in SAS User's Guide (SAS
Institute, 1994). Differences among means
were tested using Duncan’s multiple range
test (Duncan, 1953).

RESULTS AND DISCUSSION

Growth performance

Data listed in Table (2) clearly indicate
significant increases in BW at 6 wk age and
BWG of chicks fed on diets supplemented
with all levels of MOS and B-glucan
compared with control groups. 1t is of interest
that, the highest {(P<0.001) BWG was
recorded for the chicks fed on 12.5 mg/L
MGOS +i5 mg/L B-glucan (group 33 A
similar trend was nearly obtained for the FCR
in which, the low level of MOS+B-glucan
signiticantly (P< 0,001) improved the FCR as
compared with the remaining treatments,
while the higher levels of MOS+B-glucan
did’nt improve the FCR as shown in Table
(2). These results are in full agreement with
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those obtained by Benites er al. (2008} who
found that addition of MOS at 1.0/0.5/0.5
(starter/grower/finisher) kgfton diets had
significantly greater BW at 42 d than birds fed
control. No significant differences were found
for FCR or mortality for any of the treatments.
On the other hand, the results are in
disagreement with those  obtained by
Waldroup er al. (2003), and Eren et al. (1999)
who did not detect any improvement in BW
when (1g/gk MOS diet) was fed to broilers.

MOS is reported to have at least three
probable modes of action by which broiler
performance may be improved: (1) adsorption
of pathogenic bacteria containing type |
fimbria with manose sensitive lectins,
sometimes referred to as the ((receptor along))
mechanism (strongly binding to and decoying
pathogens away from the sugar coated)
intestinal lining , or stated another way,
different bacterial strains can agglutinate
MOS (oyofo et al., 1989, spring ez al., 2000).
(2) improved intestinal function or ((gut
health}y for example, increases villi height,
uniformity and integrity (Loddi er dl., 2002)
and (3) immune modulation stimulates gut
associated and systemic immunity by acting as
a non pathogenic microbial antigen, given an
adjuvant-like effect (Ferket er al., 2002).

Chae et al. (2006) found that there
was no significant effect of the feeding
system or the f-glucan levels on the
performance from 0 to 17 d but during 18-34
days birds housed on the open floor had
significantly (P<0.001} higher weight gain
compared with those in cages.

Plasma protein profile

Data presented in Table (3) clarified
the effect of feeding Japanese quail on
different levels of MOS, and B-giucan on
plasma protein profile.  Non Significant
differences have been recorded in TP and
Alb, but significant differences in Glb and
A/G ratio were obtained compared with
controf chicks. These findings in turn have
influenced the A/G ratio as it is significantly
declined in treated groups 3,4,5and 6)




than the control groups (1, 2). The chicks fed
125 mg MOS+I5mg  B-glucan (group3)
recorded the lowest value. These reduction
may reflect an enhancement of Japanese quail
immunity. The A/G ratio has been well known
as an indicator for the metabolic activities and
immune resistance. In birds, the low A/G ratio
indicates more disease resistance and immune
response (Griminger,1986). The improving
effect of MOS and B-glucan on immunity of
Japanese quail could be attributed to the
influence of these feed additives on fed
consumption, absorption, and utilization of
nutrient as have been concluded by Zeweil
(1997), Abdel-azeem (2002) and Tolba es al.
(2004) on broilers.

Plasma lipids

The effect of MOS and B-glucan
on plasma lipid profile is given in Table
(4). Regarding to the total lipids (TL), data
clearly indicate significantly decrease for
chicks fed (25 mg/L MOS + 30 mg /L B-
glucan), group (4) compared with the
control and other treatments. Triglycerides
(TG) as well as cholesterol (TC) levels
diminished significantly due to application
of low doses from MOS and B-glucan
(group 3,4). Similar cholesterol depressing
effect has been found in mule ducklings
(Djouvinov er al, 2005), broilers (Mohan
et al, 1996), and laying hens (De Roos and
Katan, 1998 and Panda er a/, 2003).

The dietary prebiotic concentration
may be directly related to biood cholesterol
content. The cholesterol-depressing effect
could be attributed to the ability of probiotics
and prebiotics to reduce cholesterol
absorption and synthesis in gastrointestinal
tract (Mohan et al. 1995and Kurtoglu er ol.
2004).They showed that feeding on diets
supplemented with mannan oligosaccharide
reduced blood cholesterol. 1t may be due to
MOS fermentation in gastrointestinal tract.
The major products of MOS fermentation in
the gastro-intestinal tract are short chain fatty
acids which inhibit cholesterol  synthests
(Cumming, 1991).
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Liver enzymes

Regarding to liver  function
(expressed as plasma AST and ALT) data
recorded in Table (5), clearly indicate non-
significant variations between control and
other treatments in the AST and ALT
activities. In this respect, Abdel-Azeem,
(2002) and Tolba et al. (2004) reported that
prebiotic did not alter the activity of liver
enzymes in plasma. These findings indicate
no harmful effect of supplementation of
broiler’s diets with these biological materials
on liver function. Consequently, it can
conclude that MOS and B-glucan are safe in
Japanese quail feeding.

Digestive enzymes

Digestive enzymes activities (lipase
and amylase) in upper illume of
gastrointestinal tract are represented in Table
( 6). The main features resulted by
supplementation of Japanese quail diets with
different level of MOS+B-glucan are
increasing the activities of these digestive
enzymes in significant manner. The high
values of lipase and amylase enzymes
activities were found in the level of 25 mg/L
MOS+30 mg/L B-glucan and 12.5 mg/L
MOS + 15 mg/L B-glucan (groups 4,3
respectively).

The observed high activities of these
enzymes may be due to the pancreatic
enzymes excreted in the gastrointestinal tract
of treated Japanese quail . It is worthy to
attribute the improvement of broilers growth
performance to pronounced increases in
digestive enzymes activities due to
supplementation of diets with MOS (Dawlat
et al. 2006) .On the other word, these
additives may enhance nutrient utilization and
improve FCR. In this connection, Osman
(2003) reported that specific probiotic bacteria
such as Bacillus and lLactobacillus produce
digestive enzymes and interfere  the
physicochemical properties of gastrointestinal
contents by which nutrients will be more
accessible for digestive enzymes. In case of
MOS supplemented, the clevation in



hydrolytic enzymes activities could be
attributed to the ability of this material to
activate the gastrointestinal micro-flora to
produce more hydrolytic enzymes.

Humoral and cellular immunities

Antibody production

The effect of feeding Japanese quail
on different levels of MOS+ Beta-glucan for
a period of 6 wk on humoral immunity
against NDV challenge are presented in
Table (7).

It is clearly shown that chicks fed on
(25 mg/L MOS+30 mg/l. B-glucan} could
enhanced the total antibody  production
estimated 7 d post the first immunization with
NDV. While, the chicks of no
supplementation (control} had the lowest
primary antibody titers when compared with
the other supplemented groups. Similar results
with highly significance were completely
achieved 7 d post second challenge with the
same antigen.The results showed that the
highest secondary antibody production was
attained for chicks that fed on (12.5 mg/L
MOS+15 mg/L B-glucan) followed by those
given( 25 mg/L MOS+30 mg/L B-glucan),
group (3 and 4). it could be noticed that
primary and secondary responses were
improved for the chicks fed low levels of
MOS and B-glucan compared with other
supplemented groups and non supplemented
one. Portions of cell wall structure of the yeast
organism, saccharomyces contained (MOS)
which elicit powerful antigenic properties.
Ferket et al. (2002) suggested that an increase
in antibody of the innate immune system to
react to foreign antigenic material of microbiat
orgin. On the other hand, Asli er af. (2007)
noticed that, the dietary supplemented with
yeast during heat stress condition can improve
the immune response of birds.

Cell-mediated immunity

From Table (8), it was noticed that
injection of PHA-L significantly increased
the wing-web swelling of chicks received 25
mg/L MOS+30 mg/L B-glucan (group 4). It
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is clearly observed that, the control
treatments(group ! ,2) and the high level of
MOS + B-glucan (group 6) had the lowest
(P< 0.001) wing-web swelling 24 h post
PHA-L injection compared with the chicks
received other levels of MOS+B-glucan
{group 3,4 and 5).These results revealed that
the cell mediated immunity of quail chicks
may be enhanced by supplemental prepiotics.

It is well known that PHA-L is a
lectin isolated from red kidney bean and
stimulates T-cell proliferation with minimal
effect on B-cells. It is considered a good in
vivo measure of T-lymphocyte function.
Cell-mediated immunity (CM) plays a major
role in the response against intracellular
bacteria and virus. (Qureshi et al. 1997).
Several explanations were suggested for the
obtained positive correlation between the
immune response and the addition of
MOS+B-glucan  during the experimental
peried. Since MOS can enhance immunity
system with beneficial actions (Ferket er al .
(2002) and Humphary et af . (2002)). Such as
prevention of intestinal colonization by
discas  producing  bacteria.  Induces
macrophages activation and toxin binding.

‘ Lowery et al. (2005) found that P-
glucan, as a feed additive (significantly
(P<0.05) provided protection against
Salmonella in young chickens. Huff er al.
(2006) suggest that supplementation of
broiler diets with beta-1,3/1,6-glucan may be
valuable for decreasing production losses due
to E. coli and respiratory disease.

Histological features

Histological examination of the
intestinal sections from Japanese quail birds
as influenced by different treatments are
iflustrated in Plates | to 6. It is clear that the
villi diameters were increased in treatment
groups (3-6) compared with the control ones
(1 and 2). However, this increase was more
obvious in groups that treated with 12.5mg/L
MOS+15 mg/L. B-glucan, 25 mg/L. MOS +
30 mg/L B-glucan and 50 mg/L. MOS+ 60
mg/L B-glucan (plates 3,4 and 6).This trend



was also observed at the level of 37.5 mg/L
MOS+ 45mg/L. B-glucan (group 5- plate 5)
but the number of villi per unit area
(microscopic field) was less than the other
treatment groups.

Moreover, there were great variations
in the crypts of Lieberkuhn size with
supplemental additive especially in group 3,
Sand6 (plates 3, Sand 6). These crypts are
known to secrete fluids containing different
vital substances essential for the internal
micro-environment of the small intestine
segments. The crypts fluids are rabidly
cbserved from the villi lumens to the
gpithelial cells of the villi, making a
circulation from crypts to villi epithelium
which results in a watery vehicie supply for
improving absorption and utilization of
nutrients, elaboration and production of
antibodies and lymphocytes along with an
increase in  Goblet cells which secret
substances responsible for reducing PH of the
intestinal lumen.,

A large intestinal surface area is a key
for optimal digestive function; therefore the
surface of the small intestine should be
covered with long healthy villi. Yang ef al.

(2008) reported better energy digestion when
including MOS in broilers. Several studies
with MOS in poultry have looked at the
intestinal structure and discovered longer villi
and more shallow crypt (Baurhoo er al.
2009, lji ., et al. 2001 Moraes and Ariki.
2002).A shallow crypt is a good indicator for
an efficient small intestine, which requires
fewer nutrients for renewal . With a low
renewal rate the intestinal celis become more
mature. followed by more efficient digestive
enzyme production and nutrient absorption.
To protect the villi and intestinal surface, the
gut produces protecting mucus. This mucus
is produced in specific Goblet cells. In
general, the number of Goblet cells is an
indicator of mucus production. Researchers
found that goblet cell numbers were
increased with MOS (Baurhoo er al. 2007).

it could be concluded that treated
Japanese quails with low levels of MOS and
B-giucan improves growth performance,
regulate lipid metabolism and enhance
humoral and cellular immunity. Generally,
the administration of MOS and B-glucan
were beneficial for Japanese quails.

Table (1): Composition and calculated analysis of Japanese quail grower diets.

Ingredient Grower %

Yellow corn 54.56
Soybean meal (44%) 36.30
Protein Concentrate (52%) 6.80
Corn oil 0.95
Calcium Carbenate 0.70
Limestone 0.01
Lysine 0.03
Premix® 0.30
Salt (Nacl) 0.35
Total calculated analysis 100
Crude protein % 24
ME keal/kg 2903.3
Lysine 1.3
Methionine 0.438
Calcium %o 0.8
Available phosphorus (%) 0.315

Each kilogram of diet contains = VA, 4mg., D3, 2500 LU., E, 10mg., BI, 2mg., B2, 5mg., B6,
4mg., B12, 10ug., Niacin, 25mg., Pantothenic acid, 10mg., Biotin, 5Gug., Folic acid, 1000ug., and
Coline chloride, 255mg. Selenium, 300ug., Copper, |0mg., lodine, k, 2.0mg., Iron, 33mg.,

Manganese, 60mg.and , 60mg. Zinc.
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Table (2): Growth performance of six wk old Japanese quail chicks fed on different levels
of MOS+B-glucan.
Group | Group2

Treatment/Traits (Negative | (Paositive
Control) Control)

Group 3 Group 4 Group § Group 6 SEM*
05mlL | ImlL 1.05 mlL 2ml/L

Body weight (g) (I1stwhk) 20. § 22.5 20.5 20.5 20.5 21.8 0.83
Body weight () (6wk) | 180,32° | 182.5° | 217.78" | 198.39" | 206.52° | 206.73° | 1.1
Body weight guin (g) 159.81° | 160.58° | 196.97° | 177.62"° | 185.69° | 184.43° | 1.3
Feed consumption(g) 446 ¢ 431°¢ 408" 418" 503" 438°¢ 2.44

Feed —conversion ratio | 279 2.69° 2.08* 238" 271°¢ 2.38° | 0.001
Means within a row with different superscripts are significantly different (P< 0.05)
*SEM= standard estor of means. '

Table (3): plasma protein profile of six wk oid Japanese quail chicks fed on different
levels of MOS+B-glucan.
Group 1 Group 2

Treatment/traits {Negative | (Positive
Control) Control)

Group 3 Group 4 Group § Group 6 SEM*
0.5 mlL 1mlL 1.05 mlL 2ml/L

Total protein (g/dl) 4.33 4.48 528 4.41 4.73 4.73 1.24
Albumin (A) (g/d1) 2.30 2.19 2.09 2.11 2.29 2.27 1.72
Globulin (G) (g/db) 2.03° 2.28™ 3.19" 2.30% 2.46"™ 2.46*" 0.81
A/G ratio 1.14* 0.96™ 0.65° 0.93> 0.94™ 0.92% 0.30

Means within a row with different superscript are significantly different (P< 0.05)
*SEM= standard error of means. '

Table (4): plasma lipids profile of six wk old Japanese quail chicks fed on different levels
of MOS+B-glucan.

Group 1 Group 2
Treatment/traits ((l;legarive (Posilii)ve 06;0:"&1{ Glr;ll','l’:‘ IG orso :{'u; G{::I[LG SEM*
ontrol) Control)
Total Lipids (/1) 11.97° 12.03° 12.66" 11.817 11.99° 11.88° | 2.392
Triglycerides (mg/dl) | 312.50° | 320.25" | 297.29° | 300.75° | 318.25* | 319.33 | 2.142
Cholesterol (mg/d]) 146.5* 168.9" 92.6° 166.8° 120.1° | 109.68° | 1.117

Means within a row with different superscripts are significantly different (P<0.0001)
*SEM= standard error of means.

Table (5): Liver enzymes activities in plasma of Japanese quail fed on different levels of
MOS +B-glucan.

Group 1 Group 2
Treatment/traits | (Negative | (Positive i(l];or:Il)llf G":"i',‘;_‘" ?rqo:‘[;/i cz';a;,tb SEM*
Conlrol) Control)
AST(IU/L) 39,25" 37.00" 35.00" 34.00" 37.00" 35.25" 0.597
Alt(1U/L) 407 422" 4.158" 417 417" 4.02" 1.93

Means within a row with different superscripts are significantly different (P< 0.05)
*SEM= standard ersor of means.
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Table (6): Digestive enzymes activities in duodenum and upper ileum of Japanese quail

fed on different levels of MOS+ B-glucan .

Group 1 Group 2
Treatment/traits | (Negative | (Positive g;o;:i Glr;;i4 f.?’:i’,: G;::,';“

Control . Control)

Amylase 1.877 193¢ 220" 2.36° 2.21° 1.92°¢

+0.136 £0.128 0,245 | +0.118 £0.078 +0.085

Linase 1767 8.28° 925" 940" 8.04° 895*

P 40.301 +0.678 0518 | £0.357 | 0201 | 0624

Means within a row with different superscripts are significantly different (P<0.05)

-

Table (7): Humoral immunity against NDV of 6wk old Japanese quail chicks fed on
different levels of MOS+B-glucan.

Group1 | Group2
Treatment/traits | {Negative | (Positive DG;O:";Iﬁ Glr:llllll.“ ?;o:l:)/: G;;::',':f "SEM*
Control) | Control) | ™ )
Primary 2. 008 4.00° 4.00° 5.00* 333 3.00° 0.055
Secondary 2, 00¢ 4.00* 6.00* 5.00° 4.66" 5.00* 0277
Means within a row with different superscripts are significantly different (P<0.0001)
*SEM= standard error of means.

~

Table (8): Cell-mediated Immunity of Japanese quail chick fed on different levels of MOS

*SEM-= standard error of means.

+B-glucan,
Time-post | Group 1 Group 2 SEmM*
injection | (Negative | (Positive | oroup 3 | Groupd | Group 5| Group 6
(hour) Control)} | Control) ) )
24 0.535™ 0.505° 0.607" | 0.679" | 0.629*° | 0.524™ 0.005
48 0.482" 0.475" 0.491" 0.499* 0.503" 0.479* 0.001
72 0.395' 0.393* 0424 0.429" 0.433" 0.409° 0.001
Means within a row with different superscripts are significantly different (P<0.0001)
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Histology of ileum
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Plate (3) : T.s. of ileum from T3 quails (H&EX100)
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Abbreviation Key :

LY = Lymphocytes = V = Villi
CL = Crypts of Lieberkuhn g
MM = Muscularies mucosa layer ,
(> = goblet cells

Lu = Intestinal Lumen
ep = epithelial lining

I of ileum from Té quails (H&EX T
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Plate (5) : T.s. of ileum from T5 quails (H&EX100)
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Plate(5): T.s. of ileum from T5 quails (H&EX100)

Plate(6): T.s. of ileum from T6 quails (H&EX 100

Abbreviation Key:

Ly=Lymphocytes « V=Vl

CL=Crypts of Lieberkuhn , Lu=intestinal Lumen
MM=Muscularies mucosa layer , ep= epithelial lining
G=goblet cells
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