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ABSTRACT
The aim of this study was to find the effect of Mannanoligosaccharide (MOS) on the performance and gut
morphology of broiler chicks (Ross 308) during the finisher phase. A total of 180 of 22 days broiler chicks
were distributed into 3 treatments with 3 replicates having 20 chicks per replicate. One group was kept as
control and the birds in this treatment were fed on basal ration without alteration in feed contents while
the other treatments MOS-50 and MOS-100 represented 50 and 100 g MOS/kg feed respectively during
the finisher phase. Treatment MOS-100 improved feed intake significantly (P<0.01) at the age of 4th and
5th week followed by MOS-50. Significantly (P<0.01) higher overall body weight gain was recorded for
treatment MOS-100 compared to the control. At 5th and 6th weeks of age, significantly (P<0.01) lower
FCR was recorded in MOS-100. The highest level of replacement (MOS-100) showed the maximum
dressing percentage, weight of bursa, thymus and spleen. Significantly higher villus height, crypt depth
and goblet cell count were recorded in MOS-100. It was concluded from the results that improvement in
growth performance, intestinal histomorphology and relative weight of lymphoid organs in broiler chicks
during finisher phase was attributed to MOS at the level of 100 mg/kg.

INTRODUCTION

A

ntibiotic growth promoters (AGP) have long been
used in all types of livestock production systems
particularly poultry (Alhidary et al., 2017; Abudabos et al.,
2018; Chand et al., 2018). At therapeutic level, antibiotics
are used against different microbes in sick animals and as
prophylaxis during period of high risk of infection while
at sub therapeutic level they are used as feed additives to
improve growth and nutrient availability by regulating
microbial populations (Khan et al., 2016; Abudabos et
al., 2017). However, development of antibiotic resistant
bacteria, excessive drug residues in poultry meat and eggs
and decreases efficiency of antibiotic used for humen
and poultry (Alzawqari et al., 2016; Abudabos et al.,
2016) has resulted that AGP is banned in many country
of the world. This ban on AGP has lead the nutritionist to
found and develop natural alternatives such as prebiotics,
probiotics, organic acids, enzymes and yeast cultures
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(Khan et al., 2012a, b, c, d; Tanweer et al., 2014; Raza et
al., 2016).
By composition, Mannan oligosaccharides (MOS)
is a derivative of the cell wall of yeast Saccharomyces
cerevisiae (Chand et al., 2016). Dietary supplementation
of MOS in broilers has been found to increase growth
performance and prevents bacterial colonization (Sultan
et al., 2015). Saccharomyces cerevisiae has high binding
affinity thus reduces the pathogenic microorganisms in the
gut. Other functions related to MOS are lactate formation
due to pH alteration of intestine, formation of antibiotics
like substance, enzyme production, antagonist for intestinal
adhesive receptors, and competition for feed ingredients,
reducing toxin level and stimulating immune system.
The MOS plays a significant role in the gut microflora
and increases immune response of birds by presenting
antagonistic effect to pathological microorganism (Chand
et al., 2018). Use of MOS improves the structure and
enzymatic action of intestine (Iji et al., 2001). MOS has
been reported to improve the number of goblet cells in
broiler gut (Chand et al., 2018). Considering the merits of
antibiotics and future potential and benefits of using MOS
in poultry health and production, the effect of MOS on
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the growth performance and gut improvement in broiler
birds need to be explored. Therefore, the present study
was designed to investigate the effects of different levels
of MOS on growth performance, lymphoid organs and
intestinal histomorphology of broiler during the finisher
phase.

MATERIALS AND METHODS
Experimental animals, design and management
In the study, 180 broiler birds of 22 days age were
selected and distributed randomly among 3 treatments:
MOS-0, MOS-50 and MOS-100, each treatment with 3
replicates, each with 20 birds. The above 3 MOS dietary
replacement treatments are represented with 3 levels
as 0, 50 and 100 g/kg of feed, respectively. MOS-0 is
represented as a control group without addition of MOS
in feed. The flock was kept in open sided house under
similar environmental conditions and was fed with basal
broiler finisher ration. Ingredients composition, calculated
values and chemical composition of finisher ration are
yellow corn, 63.05 %; soyabean meal, 33.0 %; di-calcium
phosphate, 2.0 %; sodium chloride, 0.3 %; lime-stone,
0.9 %; vitamin mixture, 0.3 %; vegetable oil, 0.3 %;
methionine, 0.1 %; lysine, 0.05 %; ME, 2900 (Kcal/kg);
calcium, 0.9 %; phosphorus, 0.45 %; methionine, 0.42
%; methionine and cysteine, 0.75 % and lysine, 1.1 %.
Determined chemical analysis are crude protein, 19.3 %;
dry matter, 89.7 %; ether extracts, 4.6 %; crude fiber, 3.1
% and ash, 9.7 %. Birds were offered water ad libitum. The
study was continued for six weeks. During research trial
period, daily temperature and humidity were recorded.
The birds were vaccinated on the standard schedule.
Growth parameters
Daily feed intake was calculated by provided feed on
the particular day minus feed leftover in feeder. Gain in
body weight was calculated on weekly basis by recording
weight at the end of trial minus weight at the beginning
of trial. Feed conversion ratio (FCR) was calculated on
completion of trial by total feed consumed by experimental
birds divided by total weight gain in birds. For calculation
of dressing percentage, at the end of experiment (42 days),
2 broiler birds were randomly selected per replicate,
weighed and slaughtered. Skin and non-edible parts were
removed. Carcass weight was recorded and dressing
percentage was calculated by dividing carcass weight over
live weight multiplied by 100.
Measurement of lymphoid organs
At the end of finisher phase, 2 broilers were randomly
selected per replicate and were slaughtered. Lymphoid

organs (thymus, spleen and bursa of fabricios) were
removed and weighed separately. Relative weight (%)
of all these lymphoid organs was calculated by dividing
organ weight to body weight of particular bird.
Study of lower ileum histomorphology
For the goblet cell count and villus height
measurement, 3 birds per replicate were slaughtered and
1cm section was taken from lower ileum and preserved in
10% buffered formalin. The preserved parts of the small
intestine were sliced up to 5mm sections and embedded in
liquid paraffin. These sections were cut into 2-5mm layers
and mounted on glass slides, stained with acid-Schiff
reagent and Alcian blue and observed under contrast
microscope. Goblet cells were counted per villus at the rate
of 4 villi per 3 tissue/slides. The crypt depth was calculated
from the region of the alteration between crypt and villi.
Statistical analysis
The statistical analysis was performed in SAS 9.2
(SAS Institute, 2009) using a completely randomized
design and least significant difference (LSD) was used
for statistical difference among various experimental
treatments. Data were analyzed by one-way ANOVA.
Duncan multiple range tests were used to compare the
means. Significance was declared at P < 0.01.
Table I.- Effect of mannan oligosaccharides on weekly
mean feed intake (g) in broiler chicks during the
finisher phase.
Group
MOS-0
MOS-50
MOS-100

4th week
5th week
6th week
c
c
716.33± 2.40 903.67± 2.90 963.33± 3.17b
763.67± 2.60b 974.00± 1.73b 1053.7± 2.90a
779.33± 5.23a 988.67± 2.96a 1062.0± 4.35a

Means in the same column with different superscripts are statistically
different (P<0.01).

RESULTS
Effect of various levels of dietary MOS on feed intake
is presented in Table I. Weekly and mean feed intake was
significantly (P<0.01) influenced by different levels of
MOS. Significantly, higher feed intake was recorded at
the highest level of MOS. Feed intake was significantly
affected by treatments during 4th, 5th and 6th week of
age. Overall feed intake during finishing phase was also
affected by MOS. Treatments significantly improved feed
intake as compared to the control. Significantly higher
feed intake was recorded for group MOS-100 during week
4th and 5th and was followed by group MOS-50. At 6th week
of age and overall feed intake was significantly higher and
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the same for group MOS-50 and MOS-100. Overall feed
intake was 8.3 and 7.0 % higher for group MOS-50 and
MOS-100, respectively, as compared to the control.
Mean value of body weight gain was significantly
(P<0.01) influenced by different levels of MOS (Table
II). The analysis of variance indicated that treatments
significantly improved body weight gain at all recorded
ages. Body weight gain was increased with the increasing
level of MOS. At the end of week 4, MOS-100 showed the
maximum body weight gain followed by MOS-50 and the
least weigh gain was recorded for the control group. Week
5 and 6 showed the same trend as week 4. Significantly
higher body weight gain was recorded for treatment MOS100 followed by MOS-50. The least overall body weight
gain was observed for the control.
Table II.- Effect of different levels of mannan
oligosaccharides on mean body weight gain (g) in
broiler chicks during finisher phase.
Group
MOS-0
MOS-50
MOS-100

4th week
351.33± 5.20c
416.33± 5.78b
444.33± 4.17a

5th week
388.33± 2.30c
456.67± 3.48b
497.33± 0.88a

6th week
442.33± 5.48c
517.00± 2.88b
562.33± 3.48a

Means in the same column with different superscripts are statistically
different (P<0.01).

Table III.- Effect of different levels of mannan
oligosaccharides on mean feed conversion ratio in
broiler chicks during finisher phase.
Groups
4th week 5th week 6th week Overall mean
MOS-0
2.03±0.02a 2.32±0.01a 2.17±0.03a 2.18±9.67a
MOS-50 1.84±0.03b 2.13±0.01b 2.03±5.84b 2.01±3.86b
MOS-100 1.75±0.04b 1.91±0.01c 1.88±0.01c 1.86±0.02c
P value
0.0034
0.0000
0.0003
0.0000
Means in the same column with different superscripts are statistically
different (P<0.01).

Analysis of the data showed that mean FCR was
significantly (P<0.01) affected by MOS (Table III). At
5th and 6th weeks of age, significantly lower FCR was
recorded for group MOS-100 and was followed by MOS50, while higher FCR was recorded for the control group.
Overall the FCR was the best in MOS-100 compared to
the control. Dressing percentage showed similar pattern
like other parameters. It increased as the level of MOS
increased.
Analysis of the data indicated that the highest level of
MOS produced maximum dressing percentage compared
with control group (Table IV). Weight of lymphoid organs
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in the present study significantly (P<0.01) varied at all
levels of MOS. It was noticed that the highest level resulted
in significant increase in the relative weight of lymphoid
organs. MOS-100 presented heavier bursa, thymus and
spleen followed by MOS-50 and MOS-0 (Table IV).
Table IV.- Effect of dietary mannan oligosaccharides
on lymphoid organs of broiler birds during finisher
phase.
Treatment
MOS-0
MOS-50
MOS-100
P- value

Dressing
Bursa
Thymus
Spleen
percentage
(%)
(%)
(%)
64.89±0.02c 2.16±0.05c 4.16±0.06c 2.30±0.05b
66.73±0.06b 2.70±0.11b 5.16±0.03b 3.0±0.15a
67.55±0.04a 3.40±0.05a 5.73±0.03a 3.30±0.05a
0.0000
0.001
0.001
0.001

value in each column followed by different superscripts are
significantly different at (P<0.01).

a, b, c,

Table V.- Effect of dietary MOS on villus height, crypt
depth and goblet cells count of broiler birds during
finisher phase.
Treatment
MOS-0
MOS-50
MOS-100
P- value

Villus height
(µm)
963.33±7.26c
980.00±3.2b
1013.00±2.32a
0.001

Crypt depth
(µm)
130.33±1.45c
142.00±1.15b
152.67±0.8a
0.001

Goblet cell
count
149.33±1.20c
161.00±0.57b
169.33±0.33a
0.001

value in each column followed by different superscripts are
significantly different at (P<0.01).

a, b, c,

Mean values of villus height, crypt depth and goblet
cell count are given in Table V. It was observed that MOS100 resulted in greater villus height followed by MOS50 and control treatment (MOS-0). Similarly, significant
increase was observed with crypt depth and goblet cells
count at MOS-100. The histological picture of the intestinal
histology and goblet cells count is given in Figures 1 and 2,
respectively. The histological features of the intestines in
the form of cell dimension was improved and the number
of cells were increased in the treated groups compared to
the control.

DISCUSSION
In the present study, the performance traits were
improved in the treatment groups compared to the control.
Improved feed intake in MOS fed groups may be due
to healthy microbial environment in gastro-intestinal
tract leading to healthy gut which results in better feed
consumption in broiler (Chand et al., 2014). MOS which is
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Fig. 1. Histology of intestines in control and MOS treated groups of broiler during the finisher phase (Bar 50µm). A, control; B,
50mg/kg MOS; C, 100 mg/kg MOS.

Fig. 2. Number of goblet cells of control and MOS treated broilers during the finisher phase. A, control; B, 50mg/kg MOS; C,
100 mg/kg MOS.

derived from the cell wall of Saccharomyces cerevisiae helps in reducing stress and increase the feed intake
(Chand et al., 2018). Similar findings have been reported
in the previous studies (Bozkurt et al., 2009; Koc et al.,
2010).
Higher body weight gain in broiler in the present
study may be due to MOS feeding which increases the
beneficial bacteria such as Bifidobacteria and Lactobacilli
in the gut of broiler (Baurhoo et al., 2007). Improvement
in microbial population in the gut causes improvement in
nutrient absorption and decrease in nutrients loss (Sultan
et al., 2015). Our results are in line with the findings
of previous report (Xu et al., 2003) who also reported
improved body weight gain in broiler birds by MOS
supplementation in finisher ration.
In the present study, at 5th and 6th weeks of age,
significantly lower FCR was recorded with MOS-100 and
was followed by MOS-50, while higher FCR was reported
in MOS-0. Improvement in FCR may be due to the fact
that MOS improves gut health and nutrients consumption
(Loddi et al., 2002). The improved weight of lymphoid
organs may be due to the higher weight gain in the
corresponding groups of treated birds.
Different levels of MOS significantly increased villus

height and crypt depth of broiler during the finisher phase
in the present study. Significantly (P<0.01) higher villus
and crypt depth were recorded with MOS-100 followed
by MOS-50 and MOS-0. An increase in villus height
and crypt depth is caused by the increased population of
Bifidobacteria and Lactobacilli in the gut (Baurhoo et al.,
2007) that stimulate vascularization and development of
the intestinal villi. Improved goblet cells count may also
be due to the positive effect of the MOS.
It is concluded that MOS improved the overall
performance, relative weight of lymphoid organs and
gut histomorphology in broiler chicks during the finisher
phase.
Statement of conflicts of interest
The authors declare that they have no conflict of
interests.

REFERENCES
Abudabos, A.M., Alyemni A.H., Dafallah, Y.M. and
Khan, R.U., 2016. The effect of phytogenic feed
additives to substitute in-feed antibiotics on growth
traits and blood biochemical parameters in broiler

601

MOS in Broiler Diet during the Finisher Phase

chicks challenged with Salmonella typhimurium.
Environ. Sci. Pollut. Res., 23: 24151-24157. https://
doi.org/10.1007/s11356-016-7665-2
Abudabos, A.M., Alyemni, A.H., Dafalla, Y.M. and
Khan, R.U., 2017. Effect of organic acid blend and
Bacillus subtilis alone or in combination on growth
traits, blood biochemical and antioxidant status
in broiler exposed to Salmonella typhimurium
challenge during the starter phase. J. appl. Anim.
Res., 45: 538-542. https://doi.org/10.1080/0971211
9.2016.1219665
Abudabos, A.M., Alyemni, A.H., Dafalla, Y.M. and
Khan, R.U., 2018. The effect of phytogenics on
growth traits, blood biochemical and intestinal
histology in broiler chickens exposed to Clostridium
perfringens challenge. J. appl. Anim. Res., 46: 691695. https://doi.org/10.1080/09712119.2017.13832
58
Alhidary, I.A., Rehman, Z., Khan, R.U. and Tahir,
M., 2017. Anti-aflatoxin activities of milk thistle
(Silybum marianum) in broiler. World’s Poult.
Sci. J., 73: 559-566. https://doi.org/10.1017/
S0043933917000514
Alzawqari, M.H., Al-Baddany, A.A., Al-Baadani,
H.H., Alhidary, I.A., Khan, R.U., Aqil, G.M.
and Abdurab, A., 2016. Effect of feeding dried
sweet orange (Citrus sinensis) peel and lemon
grass (Cymbopogon citratus) leaves on growth
performance, carcass traits, serum metabolites
and antioxidant status in broiler during the finisher
phase. Environ. Sci. Pollut. Res., 23: 17077-17082.
https://doi.org/10.1007/s11356-016-6879-7
Baurhoo, B., Phillip, L. and Ruiz-Feria, C.A.,
2007. Effects of puriﬁed lignin and mannan
oligosaccharides on intestinal integrity and
microbial populations in the ceca and litter of
broiler chickens. Poult. Sci., 86: 1070-1078. https://
doi.org/10.1093/ps/86.6.1070
Bozkurt, M., Kucukyılmaz, K., Catlı, A.U. and Cınar,
M., 2009. Effect of dietary mannan oligosaccharide
with or without oregano essential oil and hop
extract supplementation on the performance and
slaughter characteristics of male broilers. S. Afr. J.
Anim. Sci., 39: 223-232. https://doi.org/10.4314/
sajas.v39i3.49157
Chand, N., Faheem, H., Khan, R.U., Qureshi, M.S.,
Alhidary, I.A. and Abudabos, A.M., 2016.
Anticoccidial effect of mannanoligosacharide
against experimentally induced coccidiosis in
broiler. Environ. Sci. Poll. Res., 23: 14414-14421.
https://doi.org/10.1007/s11356-016-6600-x
Chand, N., Ihsanudin and Khan, R.U., 2014.

601

Replacement of soybean meal with yeast single cell
protein in broiler ration: The effect on performance
traits. Pakistan J. Zool., 46: 1753-1758.
Chand, N., Naz, S., Irfan, M., Khan, R.U. and Zia-urRehman, 2018. Effect of sea buckthorn (Hippophae
rhamnoides L.) seed supplementation on egg
quality and cholesterol of Rhode Island Red ×
Fayoumi laying hens. Korean J. Fd. Sci. Anim.
Res., 38: 468-475.
Chand, N., Shamsullah, Rafiullah, Khan, R.U.,
Mobashar, M., Naz, S., Rowghani, I. and Khan,
M.A., 2018. Mannanoligosaccharide (MOS) in
broiler ration during the starter phase: 1. growth
performance and intestinal histomorpholgy.
Pakistan J. Zool., (In press).
Iji, P.A., Saki, A.A. and Tivey, D.R., 2001. Intestinal
structure and function of broiler chickens on diets
supplemented with a mannan oligosaccharide.
J. Sci. Fd. Agric., 81: 1186-1192. https://doi.
org/10.1002/jsfa.925
Khan, R.U., Nikosefat, Z., Tufarelli, V., Naz, S.,
Javdani, M. and Laudadio, V., 2012a. Garlic
(Allium sativa) supplementation in poultry diet:
Effect on production and physiology. World’s
Poult. Sci. J., 68: 417-424. https://doi.org/10.1017/
S0043933912000530
Khan, R.U., Naz, S., Nikousefat, Z., Tufarelli, V. and
Laudadio, V., 2012b. Thymus vlugaris: alternative
to antibiotics in poultry feed. World’s Poult.
Sci. J., 68: 401-408. https://doi.org/10.1017/
S0043933912000517
Khan, R.U., Naz, S., Tufarelli, V. and Laudadio, V.,
2012c. Potential applications of ginger (Zingiber
officinale) in poultry diet. World’s Poult.
Sci. J., 68: 245-252. https://doi.org/10.1017/
S004393391200030X
Khan, R.U., Naz, S., Javadani, M., Nikousefat, Z.,
Selvaggi, M., Tufarelli, V. and Laudadio, V., 2012d.
The use of turmeric (Curcuma longa) in poultry
diets. World’s Poult. Sci. J., 68: 97-103. https://doi.
org/10.1017/S0043933912000104
Khan, R.U., Chand, N. and Ali, A., 2016. Effect of
organic acids on the performance of Japanese
quails. Pakistan J. Zool., 48: 1799-1803.
Koc, F., Samli, H., Okur, A., Ozduven, M., Akyurek, H.
and Senkoylu, N., 2010. Effects of Saccharomyces
cerevisiae and/or mannan oligosaccharide on
performance, blood parameters and intestinal
microbiota of broiler chicks. Bulgarian J. agric.
Sci., 16: 643-650.
Loddi, M.M., Nakaghi, L.S.O., Edens, F., Tucci,
F.M., Hannas, M.I., Moraes, V.M.B. and Ariki, J.,

602

M. Tufail et al.

2002. Mannan oligosaccharide and organic acids
on intestinal morphology integrity of broilers
evaluated by scanning electron microscopy. In:
Proceedings 11th European Poult. Conf. Bremen.
Germany, pp. 121-126.
Raza, T., Chand, N., Khan, R.U., Shahid, M.S. and
Abudabos, A.M., 2016. Improving the fatty acid
profile in egg yolk through the use of hempseed
(Cannabis sativa), ginger (Zingiber officinale) and
turmeric (Curcuma longa) in the diet of Hy-Line
White Leghorns. Arch. Anim. Breed., 68: 183-190.
SAS Institute, 2009. SAS/STAT® 9.2 user’s guide, 2nd
ed. SAS Institute Inc., Cary, NC.
Sultan, A., Imran Uddin, Khan, S., Ullah, R., Khan,
H., Khan, N.A. and Khan, R.U., 2015. Effect of
yeast derived carbohydrate fraction on growth

performance, apparent metabolizable energy,
mineral retention and gut histomorphology of
broilers during starter phase. Pak. Vet. J., 35: 409413.
Tanweer, A.J., Chand, N., Saddique, U., Bailey, C.A.
and Khan, R.U., 2014. Antiparasitic effect of wild
rue (Peganum harmala L.) against experimentally
induced coccidiosis in broiler chicks. Parasitol.
Res., 113: 2951-2960. https://doi.org/10.1007/
s00436-014-3957-y
Xu, Z.R., Hu, C.H., Xia, M.S., Zhan, X.A. and Wang,
M.Q., 2003. Effects of dietary fructo oligosaccharide
on digestive enzyme activities, intestinal microflora
and morphology of male broilers. Poult. Sci., 82:
1030-1036. https://doi.org/10.1093/ps/82.6.1030

