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Abstract: An experiment was conducted to study the effect of feeding different commercial preparations of
direct-fed microbials (DFM) used as growth promoters on weight and histology of immune related organs
(bursa, thymus and spleen) in broilers. Two hundred unsexed 10 days old Cobb broiler chicks were
individually weighed and divided into 4 groups (5 replicates of 10 chicks, each) and fed 4 different
experimental diets. A mixture of Enterococcus faecium (Protexin®, DFM1), a mixture of Bacillus subtilis
(Clostat® DFM2) and Saccharomyces cerevisiae yeast cells with its fermentation metabolites (Diamond®
DFM3) were supplemented to broiler diets and compared with the basal diet which served as control. Bursa,
thymus and spleen were taken from birds at 36 days of age. The results showed significant (P<0.01)
increase in spleen and bursa weight (relative to live body weight) in birds fed DFM supplemented diets
compared with those fed the control diet of no supplement. Addition of DFM enhanced the activity of bursal
follicles and may improve the bursa activity and caused improvement in thymus and spleen structure
compared with the control. In conclusion, DFM supplemental levels have stimulated some histological

change in the immune related organs which may result in improvement of chick immunity.
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INTRODUCTION

Recently direct fed microbials (DFM), probiotics, were
introduced to use as growth promoters in broiler feeds
to substitute sub-therapeutic antibiotics growth
promoters which have been strictly banned in some
areas of the world.

A probiotic is a live microbial feed supplement, which
beneficially affects the host animal by improving its
intestinal balance. It has been used as a substitute of
antibiotics that is being used in considerable amounts
as growth promoters in broilers production (Irshad,
20086).

Martins et a/. (2005) stated that the mode of action of
probictics in the chickens is mainly due to low redox
potential, reductions in the population of Escherichia coli
competition for adhesion receptors in the intestine and
reduction of toxin release. Probiotics may positively affect
various physiologic functions in ways that will permit
them now or in the future to be classified as functional
foods for which health claims of enhanced production or
reduction in disease risk (Irshad, 2008). Yakhkeshi et a/
(2011) added that probiotics not only are used as a
growth promoter that improve feed efficiency, but also
induce immune system and have protective effects
against many diseases.

Boushra et al. (2011) reported that addition of probiotics
lead to hyperplasia of lymphoid follicles in bursa, thymus
and spleen of broilers.

Inconsistent results had been published concerning the
effect of feeding broilers on diets supplemented with
DFM (probiotics) on immune related organs. Some
authors (Willis ef al.,, 2007, Alkhalf ef af., 2010, El-Sheikh
et al, 2009 and Tollba, 2010) repcrted that feeding
broilers on diets supplemented with probiotics showed
significant increase in bursa and spleen relative
weights. Others (Awad et al, 2009 and Zhang ef af,
2012) found that relative weights of bursa was
unaffected by dietary inclusion of probiotic. However, the
relative weight of spleen was increased by 3.8%.
Therefore, the objective of this work was to further
evaluate the effects of feeding diets supplemented with
different direct fed microbials on weights and
histological characteristics of immune related organs
(bursa, thymus and spleen) of broiler chicks.

MATERIALS AND METHODS

A total number of 200 unsexed 10 days old Cobb broiler
chicks were individually weighed and divided among 4
groups (5 replicates of 10 chicks, each). The average
initial live body weight of all replicates was nearly
similar. Replicates were randomly allocated in batteries.
The experiment involved examined three commercial
products of different commercial preparations of direct-
fed microbials (DFM) being Protexin® (a mixture of
Enterococcus faecium, DFM1) produced by Novartis
limited, international, UK, Clostat® (a mixture of Baciilus
subtilis, DFM2) produced by Kemin Industries, Inc., USA.
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and Diamond® (Saccharomyces cerevisiae yeast cells
with its fermentation metabolites, DFM3) produced by
Diamond V Mills, Inc.

Birds were fed a grower diet contained 21% CP and
3150 Kcal ME/Kg from 11 to 25 days of age then
switched to finisher diet contained 20% CP and 3200
Keal ME/Kg from 26 to 36 days of age. Diets were
formulated to cover all the nutrient requirements of Cobb
broilers {(Hassan ef al, 2014). The formulation and
nutrient composition of these diets are shown in Table
1. Diets were fed with no additives or supplemented with
0.01% Protexin® (DFM1), 0.06% Clostat SDFM2) or
0.05% Diamond®™ (DFM3). Supplementation levels were
applied according to the producer recommendations.
Birds were fed the experimental diets for ad libitum
consumption. Birds were subjected to a vaccination
program against Al, ND, IB and IBD throughout the
experimental period.

Table 1: Formulation and nutrient composition of the basal

grower and finisher diets

Grower diet Finisher diet

Ingredients % (11-25 d) (26-36 d)
Yellow corn 61.47 622
Soybean meal (48%) 29 275
Com gluten meal (60%) 25 2
Vegetable oil 3 45
Dicalcium phosphate 15 1.4
Limestone 1.25 1.3
Vitamin and mineral mix' 0.3 0.3
Salt 0.2 0.25
L-lysine HCI 0.25 0.15
DL-methionine 0.2 0.13
Choline HCI 013 0.1
Threonine 01 0.07
Phytase 01 0.1
Total 100 100
Calculated Composition?%
Crude protein 211 20
ME (Kcal/Kg) 3142 3237
Lysine 1.31 1.18
Methionine 0.55 0.48
Meth + Cystine 0.92 0.81
Threonine 0.85 0.75
Calcium 09 0.86
Nonphytate P 0.4 0.37

"Vitamin-mineral mixture supplied per kg of diet: Vit. A, 12,000
U, Vit. D3, 2,200 U, Vit. E, 10 mg, Vit. K3, 2 mg, Vit. B1, 1 mg,
Vit. B2, 4 mg, Vit. B§, 1.5 mg, Vit. B12, 10 ig, Niacin, 20 mg,
Pantothenic acid, 10 mg, Folic acid, 1 mg, Bictin, 50ug, Copper,
10 mg, lodine, 1 mg, Iron, 30 mg, Manganese, 55 mg, Zinc, 50
mg and Selenium, 0.1 mg.

Calculated values based on feed composition Tables of NRC
(1994).

At the end of the experiment, 2 bhirds per replicate were
slaughtered, eviscerated and bursa, spleen and thymus
were removed. Weight of bursa and spleen were
recorded as % of live body weight. Representative tissue
samples from immune related organs (bursa, thymus,
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spleen) were taken to study the histological changes
associated with the experimental treatments. Samples
were fixed in a 10% formalin-saline solution before
preparing the histological sections using paraffin
method technique. All sections were dehydrated in
ascending grades of ethanol, cleared in zylene and then
embedded in paraffin wax. Transverse sections (4-5
microns, thickness) were taken, mounted on glass
slides and stained with haematoxylin and eosin (H&E)
stains. All sections were examined under electric
microscope provided with computerized Camera.

Data of weights of bursa and spleen were statistically
analyzed for analysis of variance using the General Liner
Model of SAS Institute (1990). Significant differences
among treatment means were separated by Duncan's
multiple rang test (Duncan, 1955).

RESULTS

Relative weight of bursa and spleen: The effect of
dietary treatments on the relative weights of bursa and
spleen are shown in Table 2. The results showed that
the relative weight of bursa and spleen significantly
(p<0.01) improved by supplementation of probiotic
compared to the basal diet. No significant differences
were observed on relative weight of bursa and spleen
among the different direct fed microbials used.

Table 2: Effect of dietary treatments on relative weight of bursa
and spleen (% of live body weight) of broiler chicks at
36 days of age

Item Bursa % Spleen %

Dietary Treatments

Control (No addiives) 0.08° 0.09

DFMA1 0.122 013

DFM2 0.11% 0137

DFM3 0.122 013

Statistics

SE of means +0.01 +0.03

*% **x

Significances
DFM1: a mixture of Erferococcuis faecium.

DFM2: a mixture of Bacilus subfilis.

DFM3: Saccharomyces cerevisiae yeast cells with fermentation
metabolites.

a-d Mean within each column with no common superscript differ
significantly. ** p<0.01

Histological ohservation

Bursa of Fabricius: The bursa of Fabricius is a primary
lymphoid organ in birds, and it is composed of about 15
plicae (folds), each contain numerous bursal follicles
(F). These follicles have two distinct areas, cortex and
medulla (Hodges, 1974). The present sections show
that the F of the control group [Fig. 1(a)] are elongated
with few large lymphocytes (LL) and abundant medullary
area. This area is composed of apparently
undifferentiated epithelial cells (pale-staining) and small
lymphocytes (SL) or lymphoblasts. However, a well-
developed bursal follicles could be seen in the DFM1
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(c) DFM2

Fig. 1: Transverse section through bursa of Fabricius

(d) DFM3

F = bursa follicles, LL = large lymphocytes, Lu = lumen, C = cortex, M = medulla, SL = small lymphocytes,

dg = degenerative area

and DFM2 section (Fig. 1b and ¢) and DFMS3 section (Fig.
1d). It is clear from these sections that the DFM3
addition enhances the activity of bursal follicles. This
hyperactivity is accompanied by the presence of many
large lymphocytes in the cortex area concomitant with
many lumens between the follicles. These lumens are
abundant in all treatments especially in Fig.1 (b and ¢)
and to less extent in Fig. 1d (DFM3). In general, the
lumens are responsible for the phagocytic processes
and for maintaining the B- cell production. It is also
same age- related degenerative areas (dg) that could he
seen with high frequency in Fig. 1a. From the previous
observation, it appears that the direct- fed microbials
{probiotics) may improve the bursa activity in treated
birds and improved the immunity which is supported by
results of lymphoid organ weight.
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Thymus: The histological structures of thymus gland in
response to different treatments are illustrated in Fig. 2.
In general, the gland is enclosed by a fine connective
tissue capsule with numerous fine septa which divide
the gland into lohules (Khenenou et af, 2012). In the
present sections, there is one lobule in each section
with or without the fine septa in some sections (Fig.2a
and b). Moreover, the distinction between the cortex and
medulla had not been obvious in most sections. It is
likely that the changes in thymus structure are related to
dietary supplements of DFM. An increased number of
large lymphocytes (LL) could be seen in Fig. 2 (b, c and
d) and small lymphocytes in Fig. 2a (control). However,
there were several types of cellular degeneration and
vacuolation including necrotic areas concomitant with an
irregular arrangement of thymic cells within cortex and
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Fig. 2: Transverse section through the thymus gland
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C = cortex, M = medulla, s = fine connective tissue septa, L, SL = large small lymphocytes, n = necrotic area

medullary region since, the gland undergoes involution
with age, the changes may be in lymphocytes number
and size along with the presence of degenerative or
necrotic areas these changes are more evident in the
control (Fig. 2a).

Spleen: The histological section of spleen from the
control group (Fig. 3a) shows the basic structure of the
splenic tissues, where a large white pulp (WP) area and
a dark- stained red pulp (RP) area could be seen. Also,
numerous blood vessels, sinusoids and lymphocytes of
different size are observed. The main histological
changes were detected in the DFM1 and DFM2 (Fig. 3b
and c¢) treatment groups there were large numbers of
small and large lymphocytes in both RP and WP areas.
This was observed also in the DFM3 (Fig. 3d) treatment
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group but with the RP area extended all over the splenic
tissues. In all sections, one can observe many
basophilic hemosiderin granules between the blood
sinusoids accompanied with different patterns of WP
and RP distribution within each section.

DISCUSSION

The results of the present study indicated that broiler
chicks fed probiotic in their diets had better immune
response and disease resistance. In this respect,
Katanhaf et a/. (1989) reported that the increase in the
relative weight of lymphoid organs is considered as an
indication of the immunological advances. Heckert et al.
(2002) proved that measurement of the immune organ
weight is a common method of evaluating the immune
status in chickens.
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Fig. 3: Transverse section through the spleen.
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RP= red pulp, WP= whit pulp, bv= blood vessel, bs= blood sinusoid, ly= lymphocytes

Teo and Tan (2007) observed that the birds provided
feed supplemented with Bacilfius subtifis PB6 had a
significantly heavier bursa weights compared with the
control group. However, neither the studied treatments
nor the control had any effect on the relative weights of
spleen. Also, Willis ef a/. (2007) found that the bursa and
spleen relative weight significantly increased in male
broiler chickens receiving the probiotic supplementation.
The reported increase in weight bursa and spleen was
confirmed by the histological observations of both
organs.

It appears that the probictics (DFM) have the ability to
improve the immune responses of broiler chicks via
different mechanisms. This was confirmed in previous
results which showed that probictics improve productive
performance, modulate immune responses and
promote protein synthesis and nutrient digestion and

335

absorption (Xu ef af., 2003; Pelicano et al, 2004 and
Alkhalf ef af, 2010). Therefore, the relative weights
increase of bursa and spleen could be used as
indicators of better immunity of broiler that fed probiotics.
Similar results was also reported by Alkhalf ef af. (2010},
El-Sheikh et a/. (2009) and Tollba (2010) who found
significant increases in the relative weights of bursa and
spleen as a consequence of feeding diets
supplemented with direct- fed microbials.

The present observations support the findings of many
workers who stated that the growth promoter addition
sustains appropriate immune response in different
avian and animal species (Mroz et af,, 2006 and Hu and
Guo, 2007).

The enhanced growth performance as seen in a
previous report of the same authors {Hassan ef al,
2014) is associated with significant increases in
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lymphoid organs relative weights, indicative of better
immune response and good physiological status of
birds. These findings may explain and supported the
result of Yakhkeshi et al (2011) and Hassan et al,
(2014) who reported that important characteristics of
probiotics are improving feed efficiency without any
residual in the poultry tissue and resulting in diseases
resistance. In addition, probiotics not only are used as
a growth promoter, but also induce immune system and
have protective effects against many diseases. Also,
Alkhalf ef af. (2010) found that a significant increase was
recorded in the relative weight of bursa of Fabricius and
spleen in all probictic treatment groups at 42 days of
age as compared to the control group.

On the other hand, Awad ef a/ (2009) and Zhang et af.
(2013) found that relative weights of bursa of Fabricius
was unaffected by dietary inclusion of 10%kg™ B. subtilis.
However, the relative weight of spleen was increased by
3.8% by adding B. subtifis in broiler diets.

Zhang et al. (2013) found that dietary supplementation
with B. subtilis diets had 30.9% greater relative weight
of thymus than those fed diets without probiotic while
the relative weights of bursa of Fabricius and spleen
were not affected.

Probictics may stimulate different subsets of immune
system cells (Bal et a/, 2004). Also, probiotics can
significantly affect the systemic immune responses
(Dallout et al,, 2003 and Landy and Kavyan, 2013). It is
now well recognized that bioactive peptides released
during fermentation by lactic acid bacteria could
contribute to the known immunomodulatory effects of
probioctic bacteria (Leblanc ef al., 2004). Also, probiotics
can increase the systemic antibody production to some
antigens in broilers (Haghighi et af, 2005). Boushra ef
al. (2011) reported that addition of probictics lead to
hyperplasia of lymphoid follicles in bursa, thymus and
spleen of broilers.

It is concluded that probiotics increased weight and
stimulated some histological change in the immune
organs, which improve bird's immunity.
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