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ABSTRACT

This survey aimed to examine the effect of mannan-oligosaccharides (MOS) addition to rabbit's diet
as alternative antibiotics on growth performance and nutrients utilization of growing rabbits. A 60 of
Californian rabbits aged six-wks, splinted randomly into equal five groups. The control group fed a basal
diet without any supplement; the second group fed the basal diet after antibiotics supplementation
(Oxytetracycline, 1.0 ¢/ kg diet), while the third, fourth and fifth groups were fed the basal diet after MOS
addition with 0.50, 1.0 and 1.5 g /kg, respectively during the entire experimental period (6-11 wks of
age).The results revealed that all rabbits fed MOS diets had higher (P>0.05) live body weight at 11 wks,
while rabbits fed 0.50 g MOS/kg had (P<0.05) higher body weight gain during 6-11 wks of age comparing
to the antibiotic and control groups. Moreover, feed conversion ratio were insignificantly (P>0.05) improved
by feeding MOS/kg diets than the antibiotic group at the entire experimental period (6-11 wks) . All studied
nutrients digestibility's coefficients improved by feeding 1.00 g MOS / kg compared to the antibiotic and the
control diet with or without significant effects. Dressed carcass percentage not significantly changed for
rabbits fed MOS diet in comparison with antibiotic and control group. Therefore, the addition of 0.50 or 1.00
g MOS / kg diet may be an alternative material of antibiotics in weanling rabbits to maximize their

productivity and profitability without adverse effects during fattening period.
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INTRODUCTION

A rising human population and improved financial
status of people has led to an excess in the demand for
animal protein. This excess demand calls for practical ways
and alternative sources to enhance animal protein production
in developing countries. So, the rabbits farming is an
important emerging enterprise in these countries of the world
because it could be used as a good substitution source of
animal protein for humans (Lukefahr and Cheeke, 1991) as
well as, their meat characterized with low fat and
cholesterol, and high unsaturated fatty acids level (60% of all
fatty acids) comparing with beef or veal meat (Dalle, 2002).

Weanling is one of the most crucial stages in rabbit
production. At weanling, growing rabbits are subjected to a
combination of stress factors that increment their
susceptibility to post-weanling digestive disorders because
of undeveloped gut immunity system, which often leads to
serious gut diseases and subsequent death especially in 2-3
weeks after weanling that could increase up to or excess of
20% as a result of increasing diarrhea disease, bad feed
conversion and lack appetite which resulted in a quite greater
economic damages than a specific disease (Fortunlamothe
and Boullier, 2007).

Dietary additives are products used in animal
nutrition for improving feed quality and animal's
performance and health by their effects on microflora
composition in the digestive channel. A healthy and stable
microflora prohibits the evolution of enteric diseases by
increasing the fermentation in the cecum to increase volatile
fatty acids (VFA) production which minimize the incidence
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of digestive unrests ((Gidenne and Garcia, 2006). Due to the
growing concern by using antibiotics in animal feeds, for this,
it's fundamental to find substitutions for them in the feed
industry, because the misapply of antibiotics can rise an
accumulation of residues in animals (meat, milk and eggs),
then, the excess of antibiotic resistance and allergies
(Gonzalez and Angeles, 2017). Owing this, the World Health
Organization (WHO) and multiple countries limited the using
of antimicrobials for growth promotion (AGP) and disease
prevention in animal feeds (WHO, 2004; Maron et al., 2013).

The prospect replacements include organic acids,
probiotics, prebiotics (mainly oligosaccharides and
polysaccharides products), plant extracts (essential oils),
nucleotide and enzymes, etc. (Cheng et al., 2014). Prebiotics
could be substitutive of antibiotics in livestock feeds
(Papatsiros et al., 2013; Brown et al., 2017). A commercial
prebiotic like mannan-oligosaccharide (MOS) comes from
the outer cell wall of yeast and could use as a potential
prebiotic to improve rabbits health (Attia et al., 2015) as a
result of it improves gut microflora balance and has
immune-modulatory properties. Moreover, MOS have
favorable eff ects on growth and immune reaction of animals
(Tewoldebrhan et al., 2017, Silva et al. 2017) , laying hens
(Hooge, 2004; Bozkurt etal, 2016; Ghasemian and
Jahanian, 2016) , broiler chickens (Attia et al., 2014), and
rabbits (Abdel-Hamid and Farahat, 2016). Thus, this project
aimed to evaluate the effect of mannan-oligosaccharides
addition by different levels compared to antibiotic on rabbit
performance and feed utilization of Californian rabbits
(CAL) under the Egyptian condition.
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MATERIALS AND METHODSDS

This work carried out at private rabbit's farm. A 60 of
Californian rabbits aged six-wks, splinted randomly into
equal five groups having nearly equal live body weight.
Each group contained 12 individual rabbit and assigned to
one of five treatments as follows: the first group served as
control (C) and fed the control diet without any addition, the
second group fed the control diet after Oxytetracycline
antibiotic addition (1.0 g/kg diet), while the third up to fifth
groups fed were fed the control after mannan-
oligosaccharides (MOS) addition with 0.50, 1.00 and 1.50 g
/ kg diet, respectively. All rabbits put on under the same
managerial conditions and individually housed in galvanized
wire cages contained a feeder and stainless steel nipple. Feed
and water provided ad-libtum during the entire experimental
period ( 6 up to 11 weeks). The chemical composition for
the control diet was presented in Table 1.

Table 1. Basal diet composition and chemical analysis

Ingredients %
Alfalfa (dehydrated) 40.0
Wheat bran 23.0
Barley 11.0
Soybean meal (44%) 12.0
Yellow corn 9.0
Molasses 3.0
Limestone 0.9
Salt 0.6
Vit.&min. premix* 05
Total 100.0
Chemical composition (DM basis) %**

Dry matter 88.10
Crude protein 18.30
Ether extract 3.12
Crude fiber 14.50
Nitrogen free-extracts (NFE) 44.25
Ash 7.93
Digestible energy (DE) kcal/kg*** 2656

* Each 3 kg Premix of Vit. & Min. contains: vit. A, 12, million 1U;
Vit.D3, 2, 5 million 1U; Vit. E, 10 g; Vit. K, 2.5¢; Vit. B2, 5 g; Vit.
B6, 1.5 g; Vit. B12, 10 mg; Biot, 50 mg; Folic, 1.0 g; Nicotc, 30 mg;
Pantoth., 10 g; Antioxidant, 10 g; Mn, 60 g; Cu, 10 g; Zn, 55 g; Fe,
35¢; 1,1.0g; Co, 250 mg and Se, 150 mg. ** NRC(1977). *** Perez
etal. (1998).

Data collection:

1- Growth parameters: body weight and feed intake
recorded every week from 6 up to 11 weeks of age.
Both daily weight gain (DWG) and feed intake (DFI)
per rabbit calculated, also feed conversion ratio was
estimated as g feed / g weight gain.

Digestion trial: At the end of the 11" wks of age,
three male rabbits from each treatment taken and kept
in individual metabolic cages to conduct a
digestibility trials. Feed and water offered daily all
the time. Consumed feed was recorded. After 5 days
as a preliminary period, faces were collected
quantitatively for 5 consecutive days for each rabbit.
Fecal samples for each individual rabbit were stored
at -20 °C immediately after collection, bulked and
dried at 60 °C for 24 hours, thereafter, they ground
and kept for chemical analysis. Representative
samples of feed offered and feces of each rabbit were
chemically analysis according to AOAC (1995).
Digestibility coefficient was calculated as: nutrient
digested/nutrient intake x 100.

Slaughter test: At the end of 11 wk, three rabbits
randomly taken from treatment and fasted for 12
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hours before slaughtering, and then they weighed and
slaughtered to determine carcass characteristics.
Carcass parts immediately weighed, then total edible
parts comprised empty carcass percentage of live
weight.

Statistically analysis: The data analyzed using one-
way ANOVA of GLM Procedure of SAS® (SAS
Institute, 2004). Significant differences between
means were detected according to Duncan (1955).

RESULTS AND DISCUSSION

Growth performance

Live body weight (LBW) of Californian rabbit's
rabbits consumed mannan-oligosaccharides (MOS) diet
recorded insignificantly higher (P>0.05) value than those
consumed antibiotic diet at different studied ages (Table 2).
Finally LBW of rabbits was increased by 9.53, 4.41and
6.25% by feeding 0.50, 1.0 and 1.5 g MOS/kg diet
comparing to those consumed antibiotic diet, respectively,
while these increases were recorded 5.29, 0.36 and 2.14%,
respectively when compared to control group at 11 weeks.

However, daily DWG was (P<0.05) improved by
dietary MOS addition by 0.50 and 1.50 g / kg than
antibiotic at the 11" week of age, while this improvement
was occurred by 0.50 g MOS/kg addition only at the entire
experimental period ( 6-11 wks ). Moreover, all groups fed
different MOS diets had (P>0.05) higher daily BWG at the
11" week and the entire experimental period (6-11 wks)
when compared with the control group. Generally, the
group consumed 0.5 g MOS/kg diet recorded the best
LBW and DWG than other groups at the final.

The improvement of LBW and DWG of growing
Californian rabbits which fed diet supplemented with MOS
during fattening period may be due to increasing volatile
fatty acids in the caeca, decreasing the caecal ammonia
concentration and reduced caecal pH (Pinheiro et al.,
2004), also, it may stimulate the beneficial microflora of
the gut then stimulate intestinal villi development
(Forchielli and Walker, 2005), then preventing the
adhesion of pathogens to the mucosa and stimulating the
immune response (Falgao-e-Cunha et al., 2007; Mourao et
al., 2006). These results agreement with Fonseca et al.
(2004), Volek et al. (2007) and Pinheiro et al. (2005) who
noted the inclusion of MOS in diet of rabbit not affect on
body weight and gain. Also, Mourao et al. (2006) reported
that using antibiotic as growth promoter (AGP) or different
concentrations of MOS not change body weight and daily
gain for rabbits at 32 - 67 days. Piccolo et al. (2009) found
that body weight and daily gain not affected by MOS (0.5
or 1.0 g/kg) addition to rabbits diet comparing with AGP
group. Jamsheera et al. (2017) found that the
supplementation of MOS with 1.5 g and 3.0 g per kg diet
did not improve body weight and gain. On contrary,
Bovera et al. (2010) reported that rabbits consumed 1.0 g
MOS /kg diet had better body weight gain (P < 0.01) than
those consumed antibiotic diet from weanling up to 60
days of age. Abdel-Hamid and Farahat (2016) found that
dietary MOS supplementation (1.0 g¢/kg) elevated
immunity, improved health, weights of rabbits. Ewuola et
al. (2011) and Oso et al. (2013) reported that MOS
addition resulted in higher (P<0.05) final weight compared
to those fed with diet containing probiotics.
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Table 2. Effect of Mannan-oligosaccharides addition to Californian rabbit's diet on body weight and daily weight

gain at fattening period

velgse’ Control Antibiotic o Mannan ollgoi.:aé;charldes (9/kg) -
Live body weight, g
6 985.0+65.4 985.8+37.2 993.3+35.8 956.7+47.0 996.7+47.9
7 1208.3+65.9 1191.7450.2 1228.3+35.2 1191.7451.4 1220.0450.7
8 1394.2+68.8 1368.3+60.2 1454.2+43.1 1415.0458.3 1433.3452.3
9 1627.5+76.1 1575.8+66.6 1690.0+43.7 1621.7455.1 1640.0+47.6
10 1849.2+79.9 1787.5+70.8 1923.3+42.9 1843.3+64.7 1875.8451.4
11 2065.8+78.7 1985.8+76.8 2175.0+45.0 2073.3+74.4 2110.0451.1
Daily body weight gain, g

7t 31.91+2.32 29.41+2.85 33.58+1.78 33.45+1.60 31.91+1.91
gt 26.67+2.76 25.24+2.72 32.02+2.36 31.91+1.70 30.48+1.53
gth 33.21+1.62 29.64+1.51 34.88+1.63 29.52+2.12 30.71+1.84
10t 31.91+2.51 30.24+1.88 33.34+1.80 31.67+2.27 31.79+1.33
11t 30.95+2.16% 28.33+2.020 36.07+1.212 32.86+1.64% 34.64+1.542
6-11 30.88+1.50% 28.58+1.47° 33.77+1.00% 31.92+1.08% 31.81+0.87%

a,b: means in the same row within each item with different superscript are significantly different (P <0.05).

Feed intake (FI) was (P<0.05) higher for the group
consumed 1.00 and 1.50 g MOS/kg diet compared with
groups consumed the control and antibiotic diet at 8 wk ,
while it (P<0.05) increased by feeding 1.50 g MOS/kg diet
only at 11 week of age comparing to the control group
(Table 3). Generally, FI was (P>0.05) higher by 11.59,

10.15 and 10.36% for groups fed 0.50, 1.00 and 1.50 g
MOS/kg diet, respectively when compared with the
antibiotic group diet at the entire experimental period (6-11
wks ), while this elevation of FI was recorded 7.40, 5.63
and 6.22%, respectively than control group.

Table 3. Effect of Mannan-oligosaccharides addition to Californian rabbit's diet on feed intake and conversion.

Age,

/e Control Antibiotic - Mannan-ollgosil%:harldes (9/kg) -
Daily Feed intake , g
7t 86.915.2 78.6.16.2 85.916.2 79.5+6.5 81.0+3.8
gt 87.96.5 85.0%6.1° 101.6+5.9% 108.3+4.12 112.246.5%
gth 109.1+4.8 106.8+7.4 116.9+6.0 113.3£7.4 108.8+6.2
10t 111.4+6.4 111.4+6.8 120.3+4.8 119.0+4.3 105.946.67
11t 112.3+6.3° 116.5+9.5® 128.5+4.6® 124.9+6.7% 136.0+3.8°
6-11 101.3+4.0 97.545.1 108.8+3.8 107.0+4.4 107.6x4.2
Feed conversion ratio (g feed : g BWG)
7t 2.94+0.34 2.74+0.19 2.51+0.14 2.37£0.19 2.57+0.14
gth 3.42+0.20 3.55+0.23 3.26+0.20 3.41+0.13 3.69+0.17
gh 3.33+0.18 3.62+0.25 3.43+0.25 4.01+0.21 3.60+0.23
10t 3.56+0.20 3.82+0.23 3.68+0.22 3.88+0.23 3.31+0.19
11 3.67+0.16 3.99+0.18 3.90+0.25 3.83+0.18 4.11+0.18
6-11 3.33+£0.14 3.45+0.14 3.24+0.13 3.36+0.10 3.39+0.11

a,b: means in the same row within each item with different superscript are significantly different (P <0.05).

Feed conversion ratio (FCR) of rabbits was better
(P>0.05) by feeding 0.50 g MOS/kg comparing with
antibiotic diet during varying experimental ages.
Generally, FCR was preferable by feeding all MOS diets
during the entire experimental period, while the FCR
improvement recorded 6.09 and 2.70%, respectively for
rabbits fed 0.50 g MOS/ kg diet than the antibiotic and
control groups at the whole period (6-11 weeks).
Improving feed conversion ratio by feeding MOS diet
comparing to antibiotic supplementation may be due to the
increase feed digestibility as a result to improvement
intestinal histology which may augment villi height: crypt
depth, and extend the absorption surface area of the
intestine in growing rabbits (Mourao et al., 2006). Also, it
may be due to the “picking” induced by MOS on cecal
microflora, which is more efficacious in structural
carbohydrate fermentation than that favored by antibiotics,
while antibiotics prevent the viability and proliferation of
not only some pathogens but also beneficial enteric
microflora, whereas MOS prevent the attachment and
colonization of some enteric bacteria, but don't kill them
(Ferket et al., 2002). These results agree with Mourao et
al. (2006) who stated that feed intake and conversion were
not affected in rabbits consumed antibiotics compared to
MOS (1.0, 1.5 and 2.0 g/kg) diet at 32 - 67 days of age. In
contrary, the MOS addition resulted in a (P<0.05) attenuate

in feed conversion compared with the control group
(Mourao et al., 2006). However, Bovera et al. (2010)
reported that rabbits fed MOS at 0.50 or 1.00 g / kg had
(P<0.05) lower feed intake and better feed conversion
(P<0.01) compared to those fed antibiotic diet from
weanling up to 60 days of age.

Results in Table 4 showed a significant differences
between the experimental treatments in digestibility
coefficients of crud protein and ether extract only, while
other nutrients digestibility coefficients were not affected
by dietary experimental treatments at 11 weeks of age.
Digestibility coefficient of crud protein (CP) was
insignificantly improved by feeding varying MOS diets
comparing to the antibiotic and the control diet except of
1.50 g MOS /kg which recorded significant effect when
compared with the antibiotic group only. However, EE
digestibility coefficient was approximately similar by
adding 0.50 or 1.00 g MOS/kg when compared with
antibiotic or control groups without significant effect,
while adding 1.50 g MOS/ kg resulted significant
attenuation in EE digestibility than the antibiotic group.
Both organic and dry matter (OM &DM) and nitrogen free
extract (NFE) digestibility (%) were insignificantly higher
by feeding 1.00 or 1.50 g MOS/ kg diets comparing to
antibiotic or control groups. Also, crude fiber (FC)
digestibility coefficient was not significantly affected due
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to treatment, but adding 1.0 g MOS/kg diet resulted in an  of structural carbohydrates in growing rabbits. These
elevation of CF digestibility while both 0.5 and 1.5¢g results are in agreement with Bovera et al. (2010) who
MOS/kg recoded the lowest CF digestibility comparing  established that rabbits fed MOS at 0.50 or 1.00 g/kg had
with both the antibiotic and the control groups. The higher  higher OM, CP, EE and CF digestibility with or without
values of nutrients digestibility coefficients by using MOS  significant effect at 60 days of age.

diets may be due to increasing the utilization of these Dressed percentage of rabbits carcass was recorded
nutrients in the intestines that contributes better feed an elevation (P > 0.05) by feeding 1.00 and 1.50 g MOS/kg
conversion ratio than antibiotics and control groups. diet comparing with both antibiotic and control groups

These improvements may be due to MOS increased  (Table 5). This is agree with the findings of Piccolo et al.
the length of villi at the ileum, possibly as a result of (2009) who stated that dressing out percentage not
improving the intestinal environment compared to rabbits  affected by MOS addition than in AGP of rabbits. Abdel-
fed diet without additives (Mourao et al., 2006). The Hamid and Farahat (2016) found that improving carcass
higher OM and DM digestibility by using 1.00 or 1.50 g  weights of rabbits by dietary MOS addition (1.00 g/kg).
MOS/kg diet could be due to the increase in the digestion

Table 4. Effect of Mannan-oligosaccharides addition to Californian rabbit’s diet on digestibility coefficient of
nutrients at 11 weeks of age.

Items Control Antibiotic 05 Mannan ollgosalcgharldes (@kg)

DM 72.5+£2.38 71.4+1.40 70.0£0.15 75.4+1.96 73.3£1.75
oM 73.5+2.58 72.4+1.36 71.2+0.03 76.4+1.96 74.4+1.76
CP 66.1+4.54% 63.8+2.49° 67.3+2.11® 72.0+1.35%® 75.243.55%
EE 81.2+1.39% 84.4+1.05% 81.5+0.44% 84.3+1.792 77.1+1.72°
CF 30.845.32 33.8+3.98 23.2+3.93 38.816.25 23.8+5.66
NFE 82.6+1.17 81.3+1.10 80.5£1.03 84.5+1.52 83.9+0.50

a,b: means in the same row within each item with different superscript are significantly different (P < 0.05).

Table 5. Effect of Mannan-oligosaccharides addition to Californian rabbit's diet on dressed carcass percentage at

11 weeks of age. ] _

Q?(g Control Antibiotic o Mannan-ollgosalc-gharldes (9/kg) .

FW, g 2073.3£107.1% 2016.7+35.3° 2393.3+107.4% 2126.7421.9% 2286.7+32.8®

Dress. % 61.4+£0.72 60.8+£1.09 60.2+1.38 62.3+0.06 62.9+£1.22

a,b: means in the same row within each item with different superscript are significantly different (P < 0.05 ). FW: fasted weight
CONCLUSION Bozkurt, M;Bintas E; Kirkan S;Aksit H ; Kucukyilmaz

K; Erbas G; Cabuk M; Aksit D; Parin U and Ege, G.,
2016.  Comparative  evaluation  of  dietary
supplementation with mannan oligosaccharide and
oregano essential oil in forced molted and fully fed
laying hens between 82 and 106 weeks of age. Poultry

It could be advised that adding 0.50 or 1.00 g MOS
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